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ACRONYMS AND ABBREVIATIONS

Bad Creek or Project Bad Creek Pumped Storage Project

Bad Creek Il Complex Bad Creek Il Power Complex

CFD Computational Fluid Dynamics

cm centimeter

Cvsz Central Virginia Seismic Zone

Duke Energy or Licensee Duke Energy Carolinas, LLC

ETSZ East Tennessee Seismic Zone

FERC or Commission Federal Energy Regulatory Commission
ft feet/foot

km kilometers

1/0 structure inlet/outlet structure

KT Project Keowee-Toxaway Hydroelectric Project
Ma million years ago

MASW multichannel analysis of surface waves
msl mean sea level

NEPA National Environmental Policy Act
PM&E Protection, Mitigation, and Enhancement
PAD Pre-application Document

PSP Proposed Study Plan

RSP Revised Study Plan

SD2 Scoping Document 2
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TFF Tallulah Falls Formation
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1 Study Requests and Formal Comments

The Federal Energy Regulatory Commission’s (FERC or the Commission) August 5, 2022 Scoping
Document 2 (SD2) identified the following environmental resource issues to be analyzed in the National
Environmental Policy Act (NEPA) document for the Bad Creek Pumped Storage Project (Project)
relicensing related to geology and soil resources. These resource issues address the effects of continued
Project operations under the Existing License as well as potential construction and operation of a second
powerhouse during the New License term for the Bad Creek 1l Power Complex (Bad Creek 11 Bad Creek

I1 Complex]):

o Effects of seismic activity in the Project area on construction of the Bad Creek Il Complex, and
vice versa.

o Effects of (expanded) Project operation on shoreline erosion along the lower reservoir (will be
analyzed for both cumulative and site-specific effects)

e Effects of (expanded) Project construction on slope instability in the Project area.

e Effects of (expanded) Project construction and spoil disposal on soil erosion and sedimentation.

As stated in Section 1.3 of the Pre-application Document (PAD) (Duke Energy 2022) and reiterated in the
Proposed Study Plan (PSP) submitted to the FERC on August 5, 2022, a full engineering feasibility study
in support of the proposed Bad Creek Il Complex was completed in Summer 2022, and some follow-on
activities will continue into 2023. Relevant components of the feasibility study report are summarized
herein to address specific environmental resource issues identified the Commission’s Scoping
Documents. Three individual volumes of the Bad Creek 11 Power Complex Feasibility Study (submitted
to Duke Energy under Confidential Client Privilege on September 1, 2022; HDR 2022) along with select
relevant appendices are included as Attachment 1 (Geology and Seismology Studies Report), Attachment
2 (Geotechnical Studies Report) and Attachment 3 (Lower Reservoir Computational Fluid Dynamics
[CFD] Flow Modeling Report).

No formal study requests related to geology and soil resources were received during the scoping process
and as stated in the PAD and PSP, Duke Energy does not propose to conduct a separate relicensing study
focused on geology and soils. Stakeholder and FERC comments relevant to geology and soils were
considered in the development of the PSP and this Revised Study Plan (RSP). All comments on the PAD
and Scoping Document 1 relevant to geology and soils were included in Appendix A of the PSP and are

included in this RSP in the formal correspondence documentation provided in Appendix B.
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2 Goals and Objectives

While there are no anticipated additional adverse effects to geology and soils resources due to the
continued operation of the Project, potential adverse effects resulting from the construction and operation
of the Bad Creek Il Complex should be evaluated. The goal of the Geology and Feasibility report is to
summarize key methods and results from the feasibility study related to geology and seismology of the
Project area as well as findings from the lower reservoir CFD modeling effort, which provides relevant
information on shoreline erosion in Whitewater River cove. The full reports and select report appendices
are included in Attachments 1, 2, and 3. The information in the following sections addresses the first three
resource issues identified by FERC in SD2 listed above. The fourth item in the list of resource issues (i.e.,
effects of Project construction and spoil disposal on soil erosion and sedimentation) will be addressed
through the Water Resources Study carried out for the relicensing as well as during environmental

permitting efforts related to construction and spoil disposal.

3 Geology and Geotechnical Studies

Extensive geologic and geotechnical field and laboratory investigations were carried out to support the
feasibility design of the Bad Creek Il Complex. As part of the overall feasibility study effort, HDR

performed a geological/geotechnical field investigation with the following objectives:

1. To provide a well-structured study plan, utilizing the geologic mapping data and special
geologic studies during the construction of the existing Project, additional geologic
assessments conducted to date, topographic data, and preliminary layout studies to function

as a bridge between the site feasibility study and potential future site studies.

2. To assess, to the extent possible, site geological/geotechnical conditions in support of site
layouts, conceptual designs, basic construction methods, and construction materials. Results
of the geological/geotechnical studies will be used to develop recommendations regarding
project structures, locations, and layout; provide input for Project cost opinions and schedule;

and plan future geological/geotechnical investigations for the Project.

The study involved 1) a review of existing geological information from the investigations for and during
construction of the Bad Creek Project and 2) incorporation of geotechnical and geophysical data from
HDR’s geotechnical exploration program, which included geophysical field testing and drilling five
exploration boreholes. The study included a field review of rock core from the five boreholes drilled for

the feasibility study, review of seismic refraction and multichannel analysis of surface waves (MASW)
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lines and other geophysical data (downhole geophysical measurements), review of geotechnical testing
data, and a field reconnaissance to assess geologic features and site conditions as related to the
construction and operation of the proposed Bad Creek Il Complex. Results from the geology and
geotechnical studies are summarized in the sections that follow and details are provided in Attachment 1
(Geology and Seismology Studies Report) and Attachment 2 (Geotechnical Studies Report), along with
site and regional geology, lithology, structural geology and shear zones, in-situ stress measurements, and

regional and local seismology.

Geologic characteristics that could impact the proposed Project are identified and further evaluation of
these characteristics will be performed during the next study phase if the Bad Creek Il Complex is

pursued.

3.1  Background

3.1.1 Regional Geology

The Project is located in the Blue Ridge physiographic province, a mountainous zone that extends
northeast-southwest from southern Pennsylvania to central Alabama, varying in width from less than 15
miles to 70 miles maximum. It is characterized by rugged terrain with valleys ranging in elevation from
1,000 feet (ft) in the south to greater than 1,500 ft in the north. In North Carolina, massive and resistant
gneissic and metasedimentary rocks underlie most of the province, with the valleys tending to follow
weaker-rock outcrops (e.g., schist or minor carbonate rocks) and fractures or fault/shear zones. The

underlying geologic structure has a strong influence on local topography.

The crystalline rocks of the southern Appalachians occur in northeast-trending parallel geologic terranes.
The Bad Creek Project is within the Tugaloo terrane, which includes rocks of the eastern Blue Ridge
northwest of the Brevard zone (Figure 3-1; Hatcher et al. 2007; Hatcher 2002). The Blue Ridge is a
complex crystalline terrane consisting of Precambrian gneissic basement rocks structurally overlain by a
vast thickness of metasedimentary and metavolcanic rocks of Precambrian to lower Paleozoic age
(Hatcher 1978a, 1978b). The structure of the Blue Ridge is controlled by major thrust faults, associated
complex polyphase folding, and subsequent brittle faulting (Hatcher 1978a; Clendenin and Garihan
2007a, 2007b). The principal rock unit of the western Tugaloo terrane (eastern Blue Ridge belt) is the
Tallulah Falls Formation (TFF). The TFF generally consists of biotite gneiss (metagraywacke), pelitic
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schist, mafic volcanic rocks, and quartzite; in places the rocks of the TFF are migmatitict. These rocks are
intruded by Paleozoic granitoid rocks and overlie 1,150 to 1,200 million years ago (Ma) Precambrian
Grenville basement rocks in the Toxaway Dome. Dominant metamorphic fabric and peak metamorphism
in the eastern Blue Ridge is circa 450 Ma, based on metamorphic ages of detrital monazite and zircon
grains from TFF rocks (Miller et al. 1997, 2000; Moecher et al. 2011; Cattanach et al. 2012).

The Toxaway Gneiss (TGn), part of the Precambrian Grenville basement of the eastern Blue Ridge, is
exposed in the core of the Toxaway Dome. It is typically a medium- to coarse-grained banded biotite-
plagioclase-microcline-quartz gneiss with some massive and augen varieties, which do not appear to be
significantly different in chemical/mineralogical composition (Schaeffer 1987, 2016; Merschat et al.
2003). The TGn has an Rb/Sr whole-rock isochron age of 1203+54 Ma (Fullagar et al. 1979). A derived
zircon age for the TGn is 1,150 Ma (Carrigan et al. 2003 in Hatcher et al. 2007). More detail is included
in the complete Geology and Seismology Studies Report in Attachment 1.

3.1.2 Site Geology

The Project is located immediately northwest of the Brevard zone in the Tugaloo terrane within the
Toxaway Dome (Figure 3-1) and most of the site is underlain by TGn (see Figure 9 in Attachment 1). All
tunnels, shafts, and the powerhouse cavern for the existing Project were excavated in TGn and based on
geologic information available, the underground structures for the proposed Bad Creek Il will be
excavated in the same rock (Figure 3-2). The Main Dam and East Dike are founded on TGn; the West
Dam and a portion of the reservoir are underlain by a sequence of schistose rocks belonging to the TFF.
The TFF rocks are predominantly the garnet-aluminous schist member; however, in places portions of the
upper graywacke-schist member is present. This belt of TFF rocks is isolated from similar rocks on
northwest and southeast of the Toxaway Dome by the refolding of earlier folds (Hatcher 1978a; Schaeffer
1987, 2016).

Layers of biotite-hornblende schist (sills or dikes, possibly feeders for the mafic volcanic rocks of the
TFF) are present with thicknesses up to 20 ft. Their orientation is parallel to the dominant
foliation/banding in the TGn. At least two generations of quartz-feldspar-mica pegmatites occur within
the TGn. They are distinguished by the fact that the later generation is undeformed except by fracturing,

whereas the earlier generation is folded. Most of the early pegmatites parallel the dominant foliation, the

1meM—mwmeWOMmewMWSNMMmemmmmmnme%mdwmmmMMmmMMmemmmmk
during deformation and metamorphism and then re-crystallization of the melt during the waning stages of metamorphism.
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later generation cuts across foliation. Small cross-cutting quartz veins are also present. For more details

on the TFF in the site vicinity, see Attachment 1.

Figure 3-1. Tectonic Map of the Southern and Central Appalachians and Location of the
Bad Creek Pumped Storage Project (from Hatcher et al. 2007) (Td = Toxaway Gneiss)
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Figure 3-2. Geologic Map of Bad Creek Pumped Storage Project and Proposed Project
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3.2  Previous Geologic Mapping

During the original design studies for the Project (pre-1985), the subsurface exploration program had the
following primary objectives related to the underground excavations and structures: 1) examine the rock
characteristics and geologic structure of the proposed powerhouse location, 2) determine the most feasible
powerhouse orientation and location with respect to the geologic structure and in-situ stresses, 3) provide
the data and experience necessary to facilitate an efficient design of the underground portions of the
project, and 4) serve as a model for the instrumentation and monitoring to be incorporated into the

permanent underground structures.

Along with a pilot tunnel excavation and testing from October 1976 through September 1977, the
geologic program conducted during construction of the Project (from 1985 to 1991) provided geologic
information for construction and design. Components of the original geologic study included observation,
measurement, sampling, photographs, mapping, and evaluation of the exposed rock and foundation
surfaces. The geologic conditions encountered in the underground works were documented by geologic
mapping of at least one rib of all tunnels; the walls of the two vertical shafts; and the walls, crown, and
floor of the powerhouse cavern at a scale of 1 inch = 6.56 ft. The aboveground structures including dam
foundations, intake excavation, and discharge excavation were mapped at a scale of 1 inch = 20 ft. The
upper reservoir area was mapped at a scale of 1 inch = 200 ft after all excavation and borrow work was
completed. The mapping was the primary input into construction and design considerations as work
progressed and was supplemented by additional studies as needed. The geologic work during
construction, including additional studies beyond the geologic mapping (for documentation), are
described and discussed in Duke Power Company (1991) and Schaeffer (2016 [included as Attachment 1,
Appendix B]). Note that an alternate interpretation of the geology along Lake Jocassee at the inlet/outlet
(1/0O) structure area is presented by Clendenin and Garihan (2007a); details are included in the full report
in Attachment 1.

3.2.1 Lithology

Detailed geologic mapping of the Bad Creek Project underground excavations resulted in a detailed
subdivision of rock types within the TGn. The following units were recognized and mapped during the

original construction:

e Granitic Gneiss, medium light gray to light gray, medium- to coarse-grained gneiss consisting of
alternating layers of light-colored quartz-feldspar bands and darker biotite-quartz-feldspar bands,
well-foliated;

e Banded Augen Granitic Gneiss, medium light gray to light gray, medium- to coarse-grained
gneiss consisting of a foliated (banded) quartz-feldspar-biotite gneiss containing feldspar augen
up to 1 centimeter (cm) long;
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e Augen Granitic Gneiss, medium light gray, coarse-grained gneiss consisting of a coherent,
massive, poorly foliated feldspar-quartz-biotite gneiss with feldspar and locally hornblende augen
up to 3 cm long;

o Biotite Schist, medium dark gray to dark gray, coarse-grained biotite-hornblende schist;

o Biotite Gneiss, medium dark gray to dark gray, medium- to coarse-grained biotite-hornblende
gneiss;

e Biotite Augen Gneiss, medium gray to medium dark gray, medium- to coarse-grained, foliated
biotite-feldspar-quartz gneiss with feldspar augen up to 1 cm long, biotite content generally
greater than 30 percent;

e Quartz-Feldspar Gneiss, very light gray to white, very coarse-grained, distinctly foliated quartz-
feldspar gneiss with minor biotite (less than 10 percent);

e Very Coarse-Grained Granitic Gneiss, light gray, very coarse-grained, distinctly foliated quartz-
feldspar-biotite gneiss, biotite content greater than 10 percent;

e Weathered Sheared Rock, moderate to moderately severe weathering, light gray to yellowish gray
to greenish gray, original rock type granitic or augen granitic gneiss; and

e Hard Sheared Rock, medium light gray to light gray, medium- to coarse-grained rock, original
rock type granitic or augen granitic gneiss.

3.2.2  Structural Geology

The foliation in the TGn and TFF rocks is defined by the parallel orientation of platy minerals and by
compositional layering. The average orientation of foliation in the Bad Creek reservoir area is N37E;
38SE and varies from N35-50E; 28-41SE in the underground works. Minor folds are present; some lie
within foliation whereas others fold the dominant foliation. The earliest set of folds are isolated “z-", “s-",
and crescent-shaped fragments, which are axial planar to the dominant foliation. The presence of these
isolated fold fragments indicates that transposition of an older foliation has occurred. The second set of
folds are isoclinal to open with variable development of a secondary foliation. In areas where this folding
is isoclinal, an axial planar foliation (defined by secondary biotite) is present. Later open folding was

recognized in several tunnels of the existing Project.

Shear zones with thicknesses up to 200 ft occur throughout the TGn and generally parallel the dominant
foliation. Four major shear zones are present in the reservoir and dam areas (Shear Zones C, D, E, and F
on Figure 3-2) and two additional major shear zones (Shear Zones A and B on Figure 3-2) were mapped

in the underground tunnels (Figure 3-3; projections to the ground surface are shown on Figure 3-2).

Shear Zone A is in the vertical access shaft and in the excavation along Lake Jocassee for the 1/0
structure. Shear Zone B is present in the vertical access shaft, the main access, Tailrace 1 and 2, and
Tailrace 3 and 4 tunnels. Shear Zone C is present in the main access, penstock bypass, tailrace bypass,
draft tube gate, Tailrace 1 and 2, and Tailrace 3 and 4 tunnels and the vertical access shaft. Shear Zone D
is present in the manifold, Penstock 1, Penstock 2, Penstock 3, and Draft Tube 1 tunnels and in the west,
north, and east wall and along the floor of the powerhouse cavern. The zones consist of hard sheared rock

with layers of weathered sheared rock present. The zones are mineralized with chlorite, epidote, calcite,
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and quartz in various combinations. Along some of the shear planes, breccia is present with thicknesses of
less than 1 inch to approximately 12 inches. The breccia consists of granitic gneiss, coarse quartz/feldspar
(pegmatites), and vein quartz fragments in a matrix of fine-grained chlorite and epidote. Several of the
shear zones have associated weathered zones up to 12 inches thick. Within the weathered zone there is up
to 2 inches of gouge-breccia composed of granitic gneiss, coarse quartz/feldspar, and vein quartz
fragments in a clay matrix. The hard sheared rock exhibits tight, complex isoclinal folding with sheared

out limbs and a secondary axial planar foliation defined by biotite.

Fault and fault zones in the underground portion of the Project are present and are generally associated
with the northeast-striking joint sets. Single fault planes with few associated fractures have offsets up to 6
inches (vertical separation). The fault zones have complex fracturing with several planes and offsets
ranging from less than 1 inch to greater than 12 ft. Breccias up to 6 inches thick are developed along some
of the fault planes and consist of rock, quartz/feldspar, and vein quartz fragments in a fine-grained matrix
of chlorite-epidote. In some fault zones the rock is shattered between fault planes with chlorite-quartz
mineralization throughout the fracture zone. The brecciation and mineralization of the fault zones
occurred at the same time as the brecciation along the shear zones. The faults and shear zones are similar
to others within the southern Appalachians that have been healed under greenschist metamorphic
conditions, suggesting the last movement occurred at least 300 Ma (Gilbert et al. 1982).

All site structural data from mapping in areas of the west dam, main dam, reservoir area, and underground

areas are included in Attachment 1.
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Figure 3-3. Cross-section of Existing Bad Creek Underground from the Upper Intake to the
Discharge/Intake Structure on Lake Jocassee showing Location of Shear Zones A, B, C,
and D

3.2.3 In-Situ Stress Measurements

Two methods of in-situ stress measurement were employed for the design of the existing Bad Creek
Project tunnels, caverns, and shafts: hydrofracturing and overcoring. Hydrofracturing tests were
performed in a deep borehole (B-52) from the ground surface and the overcoring technique was employed
in the proposed powerhouse location in the pilot tunnel. Overcoring stress values were among the input
parameters for finite element modeling performed for the design of the existing Bad Creek Project
powerhouse and tunnels. Results of the finite element modeling analysis were used to determine the shape
of the powerhouse and tunnels; other factors such as geologic structure, support methods, and other
functional requirements played a major role. The most useful information from the finite element
modeling results was an estimate of the how much rock movement should be expected during and after
powerhouse excavation. These estimates became the basis for evaluating the data from installed

instruments during and after construction of the existing powerhouse.

3.3  Seismicity

The East Tennessee Seismic Zone (ETSZ), closest to the Bad Creek Project, is one of the most active
seismic zones in eastern North America (Bollinger et al. 1985) and is located primarily in the Valley and
Ridge physiographic province of Tennessee with a portion in the Valley and Ridge and Blue Ridge
physiographic province of western North Carolina (Figure 3-4). The zone is approximately 300
kilometers (km) long and 50 km wide and has not produced a damaging earthquake in historical time
(Powell et al. 1994). The earthquakes occur at depths of to 5 to 25 km within Precambrian crystalline
basement rocks beneath the thrust sheets of Paleozoic sedimentary rocks of the Valley and Ridge

(Bollinger et al. 1976; Bollinger et al. 1991). The structures likely responsible for the seismicity in the
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zone are reactivated Precambrian to Cambrian normal faults formed during the rifting (extension) that
formed the lapetus Ocean and are located beneath the later accreted Appalachian thrust sheets (like the
Giles County Seismic Zone in Virginia; Wheeler 1995). In the recent EPRI (2012) Central and Eastern
United States seismic source characterization, the site is in the Paleozoic extended crust zone (Figure 3-5)
as described in the previous two sentences. Despite its relatively high rate of activity, the largest known
earthquake in the ETSZ is My 4.72 (1973 Alcoa-Marysville earthquake; Bollinger et al. 1991).

Note: BCPSP = Bad Creek Pumped Storage Project; A = Valley and Ridge and Blue Ridge; B = Piedmont; C=
Coastal Plain. GCSZ = Giles County Seismic Zone (not discussed in text); ETSZ = East Tennessee Seismic Zone;
CVSZ = Central Virginia Seismic Zone; CSZ = Charleston Seismic Zone (not discussed in text); NMSZ = New Madrid
Seismic Zone (not discussed in text). Figure modified from Bollinger et al. 1991).

Figure 3-4. Southeastern U.S. Seismicity (1774 to 1987), Physiographic Provinces and
Seismic Zones

2 My = Moment Magnitude.
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BAD CREEK
PROJECT

Source: EPRI 2012

Figure 3-5. Central and Eastern United States Seismotectonic Zones and Location of the

Bad Creek Pumped Storage Project

Recent work between Vonore and Maryville, Tennessee, centered on the Tellico Reservoir and the Little
Tennessee River, has yielded evidence of paleoseismic features within a narrow northeast-trending zone
(Hatcher et al. 2015; Glasbrenner et al. 2015; Warrell et al. 2017). The evidence includes faulted
Quaternary river sediments and folded terrace deposits with faults that have offsets of up to 2 meters that
involve bedrock (Hatcher et al. 2015; Warrell et al. 2017). Warrell et al. (2017) dated features within the
zone and determined that at least three large earthquakes occurred in the ETSZ during the late Pleistocene
(1.0 (?) to 0.012 Ma) with at least one or more exceeding My, 6.
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The Central Virginia Earthquake of September 1, 2011 (My 5.7 - 5.8) was the largest and most damaging
in the central and eastern United States since the 1886 Charleston, South Carolina earthquake (estimated
My 6.8 - 7.0). The earthquake occurred on a north or northeast-striking plane with reverse faulting within
a previously recognized seismic zone, the “Central Virginia Seismic Zone.” The Central Virginia Seismic
Zone (CVSZ) has produced small and moderate earthquakes since at least the 18th century. The previous
largest historical shock from the Central Virginia Seismic Zone occurred in 1875. The CVSZ is in the
Appalachian Piedmont Province between Richmond and Charlottesville, Virginia. The zone has an
elliptical area, with a north-south dimension of 100 km and an east-west dimension of 120 km, as defined
by historical earthquake activity (Bollinger and Sibol 1985; Coruh et al. 1988). The depth of the
earthquakes ranges from near surface to 12 km, placing them above the Appalachian detachment

(Chapman 2015) in contrast to the ETSZ where earthquakes occur below the detachment.

On August 9, 2020, a 5.1 Mw magnitude earthquake occurred on August 9, 2020, with an epicenter
approximately 2.5 miles southeast of Sparta, just south of the Virginia-North Carolina border (Figure
3-4). The earthquake caused damage to over 500 buildings and other infrastructure (Hill 2020; Figueiredo
et al. 2022). Surface ruptures were attributed to a south-southwest-dipping reverse fault (Little River
Fault) and were traced for ~2.5 km along the northwest trend (Hill 2020; Figueiredo et al. 2022). The
Little River Fault produced a maximum vertical displacement of 25.2 cm, with similar vertical
displacements along much of the fault trace (Hill 2020; Figueiredo et al. 2022). The hanging wall was to
the south (northeast side up; reverse fault as shown by the initial USGS focal mechanisms [USGS
2020a]). There is no recorded historical seismicity in and around Sparta, but Hill (2020) speculated that
the Little River Fault may be associated with the Giles County Seismic Zone, which is centered in
Virginia approximately 100 km to the north. The depth of the main shock, 4.1 km (USGS 2020b),
suggests that it occurred above the master decollement (depths of 5 to 12 km) and is not related to the
Giles County Seismic Zone or ETSZ where the earthquakes typically occur below the decollement in the
Paleozoic extended crust. The estimated magnitude of the Skyland 1916 earthquake is Mw 5.1 (Figure
3-5) similar to the magnitude of the Sparta 2020 earthquake.

Prior to filling Lake Keowee in 1968, none of the historical seismic activity occurred in the vicinity of the
Bad Creek Project. Because seismic activity appeared to have increased after impoundment of the
Keowee Hydro Project (as evidenced by a swarm of seismic events associated with Lake Keowee in 1978
and other recorded events), the potential of reservoir-induced seismicity was studied by Duke Power
Company (Schaeffer 1991). Both Lake Keowee and then later Lake Jocassee were associated with
reservoir-induced seismicity (sometimes referred to as reservoir-triggered seismicity). Most of the events
have been small, with the largest having a Local Magnitude of 3.8. Activity at Lake Jocassee has

decreased significantly since first filling in 1976 while activity at Keowee has also decreased (Schaeffer
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2000). During the study of the reservoir-induced seismicity, seismic activity was closely recorded by the
stations of the seismic network operated by Duke Power Company and that of the South Carolina Seismic
Network. Only a minor increase in seismicity was reportedly related to initial filling of the Bad Creek
upper reservoir — from about 5 events per month to about 10 per month. However, no correlation could be
made with the observed increase with Bad Creek reservoir filling and operation of the plant (up to 160 ft
of potential change in the reservoir level). Of the minor earthquakes in the area, none were located under
or very near to the Bad Creek reservoir. Seismic activity clearly related to Lakes Keowee and Jocassee
decreased to near background levels by 2000 (Schaeffer 2000). The cluster of earthquakes on Figure 3-6

near the site are primarily related to the induced seismicity at Lakes Jocassee and Keowee.

Earthquakes with M., >3 and contours of Peak Ground Acceleration (PGA) for V33 equals 760 m/sec
with 2 percent probability of exceedance in 50 years (2475-year return period) from the 2018 National
Seismic Hazard Maps developed by the U.S. Geological Survey (USGS 2018) are shown on Figure 3-6.
The PGA at the Bad Creek Project site is 0.24g for Vs3o of 760 m/sec (Site Class B/C# Boundary) and
0.21g for V3 of 2000 m/sec (Site Class A?) as shown in Figure 3-7 as are the hazard curves for spectral
acceleration at selected periods and a Uniform Hazard Spectrum (UHS at 5% Damping) for both values of
Vs30 (USGS 2014b).

3 V30 is the shear wave velocity of the upper 30 meters of earth materials.
4 Site Class A = Hard Rock (Vs > 1524 m/sec); Class B = Rock (762 m/sec < Vs < 1524 m/sec); Class C = Very
Dense Soil and Soft Rock (366 m/sec < Vs < 762 m/sec).
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Figure 3-6. Seismic Hazard and Historic Earthquake Centers near the Bad Creek Pumped Storage Project
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Note: This figure is not intended to be used for design or any type of analyses.
Source: USGS 2014a
Figure 3-7. Hazard Curve and Uniform Hazard Response Spectrum (2475-year return

period; 5% Damping) for a) Vsso = 760 m/sec and b) Vs3o = 2000 m/sec

3.4  Evaluation of Geologic Characteristics

The geologic characteristics of the bedrock in which the underground structures are to be excavated and
constructed for Bad Creek Il are summarized in Table 1. This information is based on the geological and
geotechnical studies performed for the design of and geologic mapping and studies performed during

construction of the existing Bad Creek Project underground structure.

Table 3-1. Summary of Geologic Characteristics

Geologic Characteristic Relation to Project Area
High seismic risk/active faulting | The Project area is considered to have low to moderate seismic risk. No known
within the project area Quaternary/active faults in the site vicinity (USGS 20144, 2014b, 2018).

There is an old landslide at the intake/discharge of the Bad Creek Project on
Lake Jocassee (see Appendix B in Attachment 1; Schaeffer 2016). The slide
material was removed during construction of the existing plant and a retaining
wall was installed on the slope that stabilized part of the original landslide
above the retaining wall and below the present control room//switchyard
complex. Figure 3-2 and Figure 3-8 show the extent of a landslide/rockslide at

Active landslides in project area
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Geologic Characteristic

Relation to Project Area

the proposed Bad Creek 11 1/O structure on Lake Jocassee. The
landslides/rockslides at the proposed Lower Reservoir I/O works will be an
issue during excavation in this area to construct the works. The landslide may
possibly be in the crown of the tailrace tunnels as it approaches the 1/0 works
and may be present around the main access tunnel portal (Figure 3-2 and Figure
3-8; see Attachment 1)

Deep weathering profile

Total soil thickness and the depth of overburden (soil/saprolite) and weathered
bedrock at the Upper Reservoir I/0O works, low pressure headrace gates area,
and vertical headrace shafts area varies from 10 ft to greater than 90 ft. At the
Lower Reservoir I/O on Lake Jocassee, the overburden is primarily landslide
deposits that are up to 100+ ft thick based on the interpretation of the one
borehole (B-21-4) in the area and the seismic refraction and MASW lines (see
Attachment 1.) The landslide deposits are not deeply weathered.

Highly permeable rock

Most of the water encountered in the Bad Creek Project underground
excavations, past the initial ~200 ft of the main access and tailrace tunnels from
their portals on Lake Jocassee, were associated with specific geologic features -
the foliation parallel shear zones and some of the high-angle fault zones (Figure
3-2 and Figure 3-8; Schaeffer 1987, 2016; Duke Power Company 1991).

Soluble rock material

Not present in the TGn.

Low strength, vibration-sensitive,
friable, highly abrasive, slaking,
or unlithified rock material

Weathered rock associated with shear zones and biotite schist and biotite-
hornblende schist will have lower shear strengths than the unweathered TGn.

Highly faulted, folded, or
fractured rock material

Most of the faults/fractures in the TGn have secondary mineralization and are
not highly fractured/faulted. The shear zones mapped in the reservoir and in the
existing Bad Creek Project underground structures have weathered sheared rock
and later brittle faulting associated with them.

Thinly laminated, structurally
deformed, fine-grained rock
masses

Phyllonitic material present along some of the foliation-parallel shear zones in
the underground excavations and thin, foliation parallel biotite-hornblende
schist layers.

Rock Mass In-Situ Stress Field

High in-situ stresses that can result in rock burst and stress-related issues in the
larger underground opening including the powerhouse, voltage bus/excitation
galleries, draft tube gate and access gallery tunnel, draft tube gate annexes, and
draft tube gate vertical shafts and at intersections of tunnels and shafts
(Schaeffer 2016; Attachment 1, Appendix B).
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Figure 3-8. Bad Creek Il Power Complex — Proposed Alignment — Projection of Shear Zones
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3.5  Slope Stability

There is minor active slope movement in the Project area and evidence of previous mass wasting events,
as described below. These areas are routinely monitored (monthly) and the Project vicinity is considered
to have low to moderate seismic risk (there are no known Quaternary/active faults in the site vicinity),
therefore, no further Protection, Mitigation, and Enhancement (PM&E) measures are proposed for the
existing Project. Slope monitoring at the upper and lower tie-back walls, tunnel portal slope, west
abutment, and reservoir rim are monitored routinely as described in Dam Safety Surveillance and
Monitoring Plan (in compliance with FERC’s Engineering Guidelines for the Evaluation of Hydropower

Projects); monitoring will continue during the New License term.
3.5.1 Historic Landslides

In 1980, a geologic survey of the alignment of the main access road was performed to identify geologic
features that could influence the stability of cuts and fills. Potential stability problems related to rock cuts
and the presence of old landslides consisting of colluvial materials (boulders in a finer-grained matrix)
were identified during the survey. The results of this study are summarized in this section and details are
included in Schaeffer (2016) (Attachment 1, Appendix B).

Four old landslides were identified on the last mile of the access road (see Figures 32 and 33 in
Attachment 1, Appendix B). The depth to sound rock under Slides 1 and 2 was shallow enough to allow
excavation of all the colluvium under the access road (within 1 meter of grade). Cuts above the road in
these slide areas were laid back at 3:1. The depth of the colluvial material in Slide 3 was up to 8 meters
below road grade. Because of stability concerns, all of the colluvial material down to sound rock were
removed; however, there would not be enough area from the access road to Lake Jocassee to build a
structural fill with the nominal 2:1 slopes when finished, therefore, a retaining wall was constructed
across the Slide 3 area. The depth of colluvial material in Slide 4 is up to 25 meters. Because of the
volume of material that would have to be excavated and the height and length of the required retaining
wall that would be needed across the area, an alternate approach for stabilization was considered. Seven
slope indicators were installed in the slide area in 1980 (Figure 35; Attachment 1, Appendix B). Very
small movements at the colluvium-sound rock contact were noted in three of the slope indicators located
above the access road. The movements were less than one millimeter per month and discontinuous along
the contact. Boring data indicated that the water table was generally within one meter of the contact
between the colluvium and sound rock. Because access road construction in the area did not start until
1983, subhorizontal drains were installed in an attempt to drain the slide above the contact to stop the

discontinuous slope movement. The drains did stop the movement of the slope (in the 3 slope indicators
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that showed movement before the installation of the drains). Therefore, the access road was constructed
across the colluvial material of Slide 4. No movement of the area has been noted since the completion of

the access road.

There is also an area indicating a previous landslide above the 1/0 structure that was reactivated during
the initial portal preparation at Bad Creek before Lake Jocassee was filled in 1974. In 1984, the slide
progressed up the slope towards the switchyard. The area was mapped in 1986 to provide geologic input
for stabilization efforts to prevent localized slides during construction and permanent plant operation. The
final design for the stabilization of the area called for the removal of all older colluvium and more recent
slide material from the slope, laying back the saprolite/soil area south of the east-west fault zone on 2:1
slopes, and construction of a retaining wall along the general alignment of the ditch (Figures 39 and 40,
Attachment 1, Appendix B). An insert wall was constructed to stabilize the soil-saprolite below the
existing wall consisting of anchor bars, anchor plates, and a toe buttress wall tied to underlying rock with

grouted rock anchors.

Initial work in the main dam area (west abutment) began in the spring of 1986 and tension cracks
indicative of slide movement were noted. Because of continued deterioration of the abutment slope, an
exploration program was undertaken in July of the same year which included soil borings, installation of
crack monitors, shear tubes, and inclinometers, which are measured monthly under the current monitoring

program.
3.5.2 Ongoing Monitoring

The Project contains an extensive collection of monitoring instrumentation. Table 3-2 provides an

overview of the current active instrumentation.

Table 3-2. Active Instrumentation at the Project

Instrument Type Mairlc West East Tunnels/Penstocks/ Powerhouse 1/0
Dam Dam Dike Draft tubes Area

Observation well 15 1 2 -- - -

Piezometers 32 13 4 18 -- --

Seepage Monitoring Points 2 3 1 1 6

Inclinometers 6 -- -- - - 7

Extensometers -- -- - 31

Surface monuments 49 11 8 - -

Strong motion instruments 2 -- - -- - -

*Includes west abutment buttress; Information based on 2016 Dam Safety Surveillance and Monitoring Plan Report
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3.6  Geotechnical Study

In addition to the geologic investigation, a limited geotechnical field exploration program was carried out
to support the feasibility study (HDR 2022) of the Bad Creek Il Complex water conveyance 1/0
structures, tunnels and shafts, access tunnels and shafts, underground powerhouse, and appurtenant
structures. An evaluation of boreholes and seismic line data collected at the upper and lower reservoir 1/0
works is provided in Attachment 1, Appendix D. The complete Geotechnical Studies Report (with select

appendices) is provided in Attachment 2.

A total of five borings were drilled at the Bad Creek 1l site; these locations are shown on Figure 3-2.
Borings B-21-1 and B-21-5 are located at the upper reservoir 1/0, Boring B-21-2 is in the area of the low-
pressure headrace tunnels just downstream of the low-pressure headrace gates, Boring B-21-3 is
downstream of the vertical intake shaft, and Boring B-21-4 is at the lower reservoir I/O structure. The
borings were drilled to obtain geotechnical data including soil properties, depth to top of weathered rock,
depth to top of competent rock, lithology and rock hardness, rock recovery, and rock quality designation,
depth and thickness of shear zones, and rock permeability data water pressure (i.e., packer tests).
Downhole geophysical logging of the borings was performed to assess rock mass fractures,
foliation/banding, and other rock mass discontinuities. The borings were drilled vertically to depths
ranging from 120.3 to 500.3 ft below existing grade. Sampling methods included Standard Penetration
Test sampling and HQ coring methods. Boring logs and photos are included in Attachment 2, Appendix B

while soil sample laboratory testing reports are included in Attachment 2, Appendix G.
A boring summary is provided in Table 3-3.

Table 3-3. Boring Summary

. Number of Acoustic and

Boring DeTct);[]a(Ift) Inclination | Azimuth sl (th;epth Water \é\gellrfngeg? Optical
P Pressure Tests P Televiewer

B-21-1 250.8 90 NA 4.0 5 NA Yes
B-21-2 300.8 90 NA 4.0 11 50-70 Yes
B-21-3 500.4 90 NA 6.4 7 70-90 Yes
B-21-4 150.4 90 NA 29.9 - NA Yes
B-21-5 120.3 90 NA 46.6 2 NA Acoustic only

L Well screens are 2-inch diameter PVVC

In addition to drilling and testing, surface geophysics including seismic refraction and MASW line

surveys were completed by GEL Solutions. Geophysical surface investigations were carried out to better
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understand the subsurface conditions at the proposed locations of the upper reservoir 1/O structure, the

lower reservoir 1/O structure, the low-pressure gate shafts and tunnels and the vertical water intake shafts.

Approximately 6,000 ft (linear) of surface geophysical investigation was performed including seismic
refraction surveys to establish compressional wave velocities (Vp) and MASW to establish shear wave
velocities (Vs) of subsurface materials that are utilized in the interpretation of subsurface materials
(overburden, weathered rock, firm/sound rock). A complete evaluation of seismic line data is included in
Attachment 1, Appendix D.

3.7  Summary

Detailed summaries of the relationship between geology and constructability at individual areas (i.e.,
upper reservoir, lower reservoir, tunnels, vertical shafts, powerhouse cavern) assessed for Bad Creek Il
are included in Attachment 1 (Geology and Seismology Studies Report). There are no geological fatal
flaws associated with the construction and operation of a second powerhouse. After 30+ years, the
underground excavations at the existing Bad Creek Project have stabilized and the support installed in
them during construction has and is serving its function well. Several recommendations have been made,
including adding more borings to verify certain components where assumptions were made, as well the
installation of inclinometers above the location of the retaining wall planned for the lower reservoir 1/0
works excavations to provide a baseline or potential movement before and after excavation/construction

and during plant operations.

4 Lower Reservoir CFD Modeling
4.1  Background

A three-dimensional CFD model was developed by HDR to support the feasibility design of the Bad
Creek 1l Complex. The goal of the desktop study was to quantify and evaluate potential hydraulic impacts
within the Whitewater River cove of Lake Jocassee to establish velocity and flow patterns along the
channel and near the east bank of the cove opposite of the discharge structure under existing conditions
and under proposed conditions (i.e., two /O structures). Results aid in identifying potential operational
impacts of the Bad Creek 1l Complex during turbine mode and effects on shoreline erosion potential of

the east bank of the Whitewater River arm of Lake Jocassee.

Note that additional CFD modeling will be carried out as a licensing study activity (Water Resources
Study Plan) to determine vertical mixing and flow patterns in the Whitewater River cove under a two-

discharge scenario.
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4.2 Methods

Model simulations were carried out assuming both existing and proposed powerhouses were operating
both simultaneously and independently under several scenarios. The modeling utilized Lake Jocassee
bathymetry and the existing and proposed Bad Creek 11 Complex 1/O structures to evaluate velocities and
flow patterns within the Whitewater River cove to assess operational impacts. Simulations were run at
elevations of 1,110 ft above mean sea level (msl) (i.e., normal full pool elevation) and 1,080 ft msl
(minimum normal elevation) to calibrate the CFD model velocities and flow patterns to the 1986 physical
model results reported by Alden Research Laboratory (ARL) (Larsen and White 1986) assuming the same

discharge flows modeled.

Bad Creek is currently undergoing upgrades to the pump-turbine units. Upgraded operations at Bad Creek
as well as proposed Bad Creek Il operations (and 1/O structure operations) were subsequently added to the
model. Unit operations in both the turbine and pump mode were simulated with the existing and proposed
structures at reservoir levels 1,110 ft msl, 1,096 ft msl, and 1,080 ft msl. The elevation of 1,096 ft msl was
selected as an intermediate lake elevation operating scenario for the following reasons:

1. The surface water elevation threshold for implementation of protective operational measures to
minimize fish entrainment is 1,099 ft msl.

2. The surface water elevation below which fish entrainment becomes elevated at Bad Creek and
historically occurs less than 22 percent of the time is 1,096 ft msl.

4.3  Study Results

The hydraulics for both the existing and proposed inlet/outlet structures were simulated to target outflow
convergence to establish flow and velocity patterns along the east bank of the discharge area to assess
potential for erosion. While the generation flow predicted by the physical model had higher velocities
than that predicted by the CFD model, the overall flow patterns (including major recirculation patterns)
were accurately captured in the CFD model. These observations are seen in both the full pond and
maximum drawdown elevation scenarios for Lake Jocassee under existing conditions (16,000 cubic ft per
second discharge). East bank velocities along the existing inlet/outlet structure centerline predicted by the
physical model range between about 0.5 fps and 2.25 fps at reservoir level 1,110 ft msl. At the maximum
drawdown reservoir elevation of 1,080 ft msl, the velocities are slightly lower ranging from 0.5 fps to 1.3

fps.

The proposed Bad Creek Il powerhouse inlet/outlet structure configuration was then added to the CFD
model, assuming full generation at both inlet/outlet structures (a combined 39,560 cubic ft per second) to

determine impacts on flow velocity along the east bank of Lake Jocassee in the Whitewater River cove,
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opposite from the structures. Under full pond reservoir elevation, modeling showed that flow from the
proposed structure forces flow from the existing structure to the center of the Whitewater River cove,
lowering the velocities along the east bank. Four designated elevations within the water column were
assessed, including surface elevations, and results indicated that the higher velocity region along the east

bank moved approximately 600 ft to the north with peak velocities at 2.5 fps (along tunnel centerlines).

4.4  Summary

Under maximum drawdown reservoir elevation, flow patterns were similar to the full reservoir
configuration, with increased velocities throughout, as expected. Lower elevations in Lake Jocassee
increased the effect of the concentrated flow from the inlet/outlet structures and surface velocities have
the potential to exceed 5.0 fps, while flow along the east bank generally peaked at approximately 3.5 fps

along the tunnel centerlines.

The peak velocities for the proposed Bad Creek 11 Complex 1/O configuration along the east bank do not
exceed the modeled velocities shown in the existing Bad Creek configuration at Lake Jocassee elevation
1,110 ft msl. The proposed Bad Creek Il Complex 1/O configuration predicted minor increases to peak
velocities along the east bank when compared to the existing Bad Creek modeled velocities. The location
of the peak velocities is spatially closer to the proposed Bad Creek I Complex 1/O structure and similar in

magnitude to the physical model simulation results (Larsen and White 1986).

The results of this study indicate that the additional generation flows resulting from Bad Creek Il (in
combination with the Bad Creek Station) do not appear to increase the potential for erosion along the
east/opposite bank of the Whitewater River cove in Lake Jocassee, assuming the geology is consistent
along the bank (i.e., predominantly bedrock). The modeled velocities were approximately equivalent to
the physical model study velocities, which are representative of the existing conditions. To HDR’s
knowledge, flow from the existing configuration and operations have not resulted in erosion along the

east bank and velocities are within the general range from the proposed configuration.

For complete details, please refer to the full study report in Attachment 3.

4.5  Future Studies to Support Relicensing

Expansion of the existing submerged weir downstream of the I/O structure is planned during the
construction of the Bad Creek Il Complex; during initial CFD modeling studies described above,
velocities in the water column above the submerged weir increased as the flow depth decreased.
Velocities along the eastern bank near the expanded weir were higher when compared to the simulations

using existing weir. The CFD model will be used to provide information on flows and mixing in the
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vicinity and above the weir as a task under the Water Resources Study for the Bad Creek relicensing. In
addition, the CFD model results will be used to support the Recreational Resources study in determining

maximum surface velocities for public/boater safety.

5 Conclusion

There are no known additional adverse effects to geology or soils in the upper or lower reservoir areas
due to the continued operation of the Project or construction of the expanded Project, therefore, no
additional PM&E measures beyond the existing Shoreline Management Plan for Lake Jocassee (pursuant
to the Keowee-Toxaway [KT] Project No. 2503 Operating License) to limit/prevent/mitigate potential
erosion are warranted. Duke Energy plans to continue operating the KT Project with the existing
restrictions on land and shoreline development in the vicinity of the Bad Creek Project Boundary as
defined in the KT Project Shoreline Management Plan. Further, Duke Energy believes the results of the
geology/geotechnical studies and lower reservoir CFD modeling study for the Bad Creek Il Complex is
sufficient to inform the relevant geological requirements of the draft and final license applications,

including preparation of a preliminary Supporting Design Report for the Bad Creek 11 Complex.

The effects of construction of the Bad Creek Il Complex and potential spoil disposal on soil erosion and
sedimentation will be assessed as part of (1) the future Water Quality Monitoring Plan, (2) the
environmental permitting process, and (3) development of an erosion and sedimentation control plan that

will be integral to the construction and monitoring of the expanded Project.
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1 Introduction

Duke Energy Carolinas is interested in the potential to develop a pumped storage hydroelectric
project utilizing the existing Bad Creek Pumped Storage Project (Bad Creek Project) upper reservoir
and building an additional underground powerhouse and associated infrastructure. Pumped storage
is an efficient means to store energy when the demand for power is low and to generate power with
the stored energy when the demand for power is high. Pumped storage is also recognized as one of
the most useful methods for regulating intermittent renewable generation resources, such as wind
and solar.

The proposed Bad Creek 1l Power Complex (Bad Creek Il or Project) will be constructed and
operated by Duke Energy. During peak energy demand periods, water from the upper reservoir will
be released to the lower reservoir through turbines to generate power. During periods of low power
demand, water will be pumped back from the lower reservoir to the upper reservoir. The power grid
benefits of such operations include, but are not limited to, the integration of intermittent power
generation sources, enhancement of grid stability, and supply of other ancillary services.

As part of the overall feasibility study effort, HDR performed a geological/geotechnical field
investigation with the following objectives:

1. Provide a well-structured study plan, utilizing the geologic mapping data and special geologic
studies during the construction of the Bad Creek Project, additional geologic assessments
conducted to date, topographic data, and preliminary layout studies to function as a bridge
between the site feasibility study and potential future site studies.

2. Assess, to the extent possible, site geological/geotechnical conditions in support of site
layouts, conceptual designs, basic construction methods, and construction materials. Results
of the geological/geotechnical studies will be used to develop recommendations regarding
project structures, locations, and layout; provide input for Project cost opinions and schedule;
and plan future geological/geotechnical investigations for the Project.

HDR'’s geologic study involved 1) a review of existing geological information from the investigations
for and during construction of the Bad Creek Project and 2) incorporation of geotechnical and
geophysical data from HDR’s geotechnical exploration program, which included geophysical field
testing and the drilling of five exploration boreholes, as documented in Volume 8 (Geotechnical
Studies) of this feasibility study report. The study documented in this volume included a field review
of rock core from the five boreholes drilled for this study, review of seismic refraction (SR) and
multichannel analysis of surface waves (MASW) lines and other geophysical data (downhole
geophysical measurements), review of geotechnical testing data, and a field reconnaissance to
assess geologic features and site conditions as related to the construction and operation of the
proposed Project.

Geologic characteristics that could impact the proposed Project were identified and it is
recommended that further evaluation of these characteristics be performed during the next study
phase. The findings, inferences, conclusions, and recommendations drawn from HDR’s desktop
review of existing geologic information, field investigations, and data collection efforts performed by
HDR and its subcontractors are provided in the following sections.
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2 Description of Project
2.1 Existing Bad Creek Pumped Storage Project

The existing Bad Creek Project (Federal Energy Regulatory Commission [FERC] Project No. 2740)
is located in Oconee County, South Carolina, approximately eight miles north of Salem. The Bad
Creek Reservoir was formed from the damming of Bad Creek and West Bad Creek, and serves as
the Bad Creek Project’s upper reservoir. Lake Jocassee, licensed as part of Duke Energy’s Keowee-
Toxaway Hydroelectric Project (FERC Project No. 2503), serves as the Bad Creek Project’s lower
reservoir.

The Bad Creek Project is operated by Duke Energy under the terms of an Original License issued by
the FERC on August 1, 1977, as subsequently amended. Construction of the Bad Creek Project took
approximately 10 years, and operations commenced in 1991. The structures and features included
in the Bad Creek Project license include the upper reservoir and dams, inlet/outlet (I/O) structures in
the upper and lower reservoirs, water conveyance system, underground powerhouse, tailrace
tunnels, transmission facilities, and an approximately 9.25-mile-long transmission line corridor
extending from the Bad Creek Project to the Keowee-Toxaway Project’'s Jocassee switchyard.

2.2 Proposed Bad Creek Il Power Complex

Bad Creek Il would utilize the existing Bad Creek Project’'s upper and lower reservoirs (Bad Creek
Reservoir and Lake Jocassee, respectively) and would consist of a new Upper Reservoir /O (within
the existing upper reservoir), water conveyance system, underground powerhouse, and Lower
Reservoir I/O (along the shoreline of Lake Jocassee). No modifications to the existing upper and
lower reservoirs would be required for Bad Creek Il other than construction of an Upper Reservoir
I/O structure within the Bad Creek Reservoir and a Lower Reservoir I/O structure within Lake
Jocassee. Duke Energy currently owns all property that would be required for construction of Bad
Creek I1.

3 Geotechnical Exploration Summary

As part of the Bad Creek Il feasibility study, a geotechnical field exploration program was performed
at the existing Bad Creek Project site from February 2021 through June 2021. Geotechnical site
investigation efforts were organized and implemented by HDR and various subcontractors with
logistical and site access support provided by Duke Energy. The Bad Creek Il Geotechnical
Investigation was performed to support a feasibility study of the Bad Creek Il water conveyance
tunnels and shafts, access tunnels and shafts, underground powerhouse, and appurtenant
structures including the proposed Upper Reservoir I/O works and Lower Reservoir /O works.

Five borings were drilled vertically at the Project site to depths ranging from 120.3 to 500.3 feet
below existing grade and included downhole logging, packer testing, and water level monitoring
wells in two of the borings (see Figure 1 and Figure 10). Four of the five borings (B-21-1, B-21-2, B-
21-3, and B-21-4) were drilled at locations along the proposed water conveyance alignment. Boring
B-21-1 is located at the Upper Reservoir I/0, Boring B-21-2 is located in the area of the low-pressure
headrace tunnels just downstream of the low-pressure headrace gates, Boring B-21-3 is located
downstream of the vertical intake shaft, and Boring B-21-4 is located at the Lower Reservoir I/O.
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Boring B-21-5 was completed to investigate the Upper Reservoir I/O area, verify subsurface
geophysical profiles, and to determine the location in the subsurface of a previously mapped shear
zone in the Bad Creek Project upper reservoir. The borings were drilled to obtain geotechnical data
including soil properties, depth to top of weathered rock, depth to top of competent rock, lithology
and rock hardness, rock recovery and Rock Quality Designation (RQD), depth and thickness of
shear zones, and rock permeability data using water pressure tests(i.e., packer tests). Sampling
methods included Standard Penetration Test sampling and HQ coring methods.

Downhole geophysical logging of the borings was performed to assess rock mass fractures,
foliation/banding, and other rock mass discontinuities. Stereonets of the downhole structural data are
included in Appendix A, Figures A-1 through A-9.

Surface geophysical investigations were performed including seismic refraction surveys to establish
compressional wave velocities (Vp) and multi-channel assessment of surface waves (MASW) to
establish shear wave velocities (Vs) of subsurface materials that are utilized in their interpretation.

Graphic logs of Borings B-21-1 and B-21-5 are shown on Figure 2 through Figure 7 and will be
referenced in later report sections. The geotechnical field exploration program is discussed in detail
in Volume 8 (Geotechnical Studies) of this feasibility study report.
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Note: Location of Boreholes B-21-1 to B-21-5 also shown on Figure 3.

Figure 1. Bad Creek Il Geotechnical Investigation General Site Features
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Figure 2. Legend for Graphic Logs in Figures 3to 7
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Figure 3. Graphic Log for Borehole B-21-1
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Figure 4. Graphic Log for Borehole B-21-2
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Figure 5. Graphic Log for Borehole B-21-3
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Figure 6. Graphic Log for Borehole B-21-4
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Figure 7. Graphic Log for Borehole B-21-5
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4 Geology and Seismicity
4.1 Regional Physiography

The Bad Creek Project is located in the Blue Ridge physiographic province (Blue Ridge), a
mountainous zone that extends northeast-southwest from southern Pennsylvania to central
Alabama, varying in width from less than 15 miles to 70 miles maximum. It is characterized by
rugged terrain with valleys ranging in elevation from 1,000 feet in the south to greater than 1,500 feet
in the north. Several mountain peaks have elevations greater than 6,000 feet with relief of up to
3,500 feet. In North Carolina, massive and resistant gneissic and metasedimentary rocks underlie
most of the province, with the valleys tending to follow weaker-rock outcrops (e.g., schist or minor
carbonate rocks) and fractures or fault/shear zones. The underlying geologic structure has a strong
influence on local topography.

Drainage is generally to the west; however, the slopes separating the Blue Ridge from the Piedmont
physiographic province are typically steep and provide the initial run-off (headwaters) for some of the
largest streams of the Piedmont, which drain to the east and southeast. The Bad Creek Project site
is located just northwest of the steep slope (Blue Ridge Scarp) separating the two physiographic
provinces.

4.2 Regional Geology

The crystalline rocks of the southern Appalachians occur in northeast-trending parallel geologic
terranes. The Bad Creek Project is within the Tugaloo terrane, which includes rocks of the eastern
Blue Ridge northwest of the Brevard zone (Figure 8; Hatcher et al. 2007; Hatcher 2002). The Blue
Ridge is a complex crystalline terrane consisting of Precambrian gneissic basement rocks
structurally overlain by a vast thickness of metasedimentary and metavolcanic rocks of Precambrian
to lower Paleozoic age (Hatcher 1978a, 1978b). Numerous igneous bodies of mafic to felsic
composition intrude into the basement core and into the overlying metasedimentary and
metavolcanic sequences. The structure of the Blue Ridge is controlled by major thrust faults,
associated complex polyphase folding, and subsequent brittle faulting (Hatcher 1978a; Clendenin
and Garihan 2007a, 2007b).

The southern Blue Ridge is divided into three belts: 1) a western belt of imbricate thrust sheets
involving upper Precambrian and lower Paleozoic rock and some basement rocks, 2) a central belt
containing most of the basement rocks exposed in the Blue Ridge terrane along with higher grade
upper Precambrian and possible lower Paleozoic metasedimentary rocks, and 3) an eastern belt of
high-grade early Paleozoic metasedimentary and metavolcanic rocks (Hatcher 1978a, 1978b;
Hatcher et al. 2007). The eastern belt of the southern Blue Ridge comprises those portions of the
Tugaloo terrane that occur northwest of the Brevard zone (Figure 8).
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Source: Hatcher et al. 2007

Figure 8. Tectonic Map of the Southern and Central Appalachians and Location of the
Bad Creek Pumped Storage Project(from Hatcher et al. 2007). Td = Toxaway Gneiss.
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The principal rock unit of the western Tugaloo terrane (eastern Blue Ridge belt) is the Tallulah Falls
Formation (TFF). The TFF generally consists of biotite gneiss (metagraywacke), pelitic schist, mafic
volcanic rocks, and quartzite; in places the rocks of the TFF are migmatitict. These rocks are
intruded by Paleozoic granitoid rocks and overlie 1,150 to 1,200 million years ago (Ma) Precambrian
Grenville basement rocks in the Toxaway Dome (see Section 4.3.1). More specifically, the TFF
consists of four members described in ascending order: 1) the quartzite-schist member, 2) the lower
graywacke-schist-amphibolite member, 3) the garnet-aluminous schist member, and 4) the upper
graywacke-schist member (Hatcher 1977). The lowest member contains quartzite with interlayered
schist. The lower graywacke-schist-amphibolite member contains biotite gneiss, amphibolite,
muscovite schist, and biotite schist. Layers of granitic gneiss and pegmatites also occur in this
member. Overlying the lower member is the garnet-aluminous schist member. It consists of
muscovite-garnet-kyanite schist with interlayered amphibolite, muscovite schist, biotite gneiss,
granitic gneiss, and pegmatites. It is generally easily recognizable by abundant garnet and kyanite.
The upper graywacke-schist member contains biotite gneiss, mica schist, garnet mica schist, with
minor amounts of amphibolite, granitic gneiss, quartzite, calc-silicate rocks, and pegmatites.

The Toxaway Gneiss (TGn), part of the Precambrian Grenville basement of the eastern Blue Ridge,
is exposed in the core of the Toxaway Dome. It is typically a medium- to coarse-grained banded
biotite-plagioclase-microcline-quartz gneiss with some massive and augen varieties, which do not
appear to be significantly different in chemical/mineralogical composition (Schaeffer 1987, 2016;
Merschat et al. 2003). The TGn has an Rb/Sr whole-rock isochron age of 1203+54 Ma (Fullagar et
al. 1979). A derived zircon age for the TGn is 1,150 Ma (Carrigan et al. 2003 in Hatcher et al. 2007).

The TFF rocks are metamorphosed to the upper amphibolite facies (kyanite-sillimanite zone;
Hatcher 1977; Butler 1991; Schaeffer 2016). Dominant metamorphic fabric and peak metamorphism
in the eastern Blue Ridge is circa 450 Ma, based on metamorphic ages of detrital monazite and
zircon grains from TFF rocks (Miller et al. 1997, 2000; Moecher et al. 2011; Cattanach et al. 2012).
The Grenvillian basement rocks of the Blue Ridge, including the TGn, were subjected to granulite
facies?2 metamorphism approximately 1000 Ma (Hatcher and Butler 1979).

4.3 Site Geology

4.3.1 Introduction

The Bad Creek Project is located immediately northwest of the Brevard zone in the Tugaloo terrane
within the Toxaway Dome (Figure 8). The Toxaway Dome consists of a core of TGn and a sliver of
TFF. It is an elongate feature that has a steeply dipping to overturned northwest limb and a more
moderately inclined southeast limb. At the ends, the structure plunges gently northeast and
southwest, resulting in a structural dome defined by the upward arching of the dominant foliation in
the TGn. Detailed mapping performed during the construction of the Bad Creek Project indicates that
the basement (TGn)/cover (TFF) contact is repeated several times due to isoclinal folding and
transposition. Textural evidence (grain size reduction and truncated foliation and fold axis in the TGn
at the contact) suggests that the original basement/cover contact was a pre-metamorphic fault
(before Taconic age [~450 Ma] and after Grenville age [~1000 Ma] metamorphisms).

1 Migmatite — Rock consisting of alternating layers or lenses of granitic material in gneisses and schists; related to partial melting of
the rock during deformation and metamorphism and then re-crystallization of the melt during the waning stages of metamorphism.

2 Granulite facies — Rocks that have been subjected to high temperature and moderate pressure metamorphism and the rocks
generally represent, as is the case of the Toxaway Gneiss, deep continental crust.
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Most of the site is underlain by TGn (Figure 9 and Figure 10). All the tunnels, shafts, and the
powerhouse cavern for the existing Bad Creek Project were excavated in the TGn and based on the
geologic information available and obtained from the geotechnical investigation program for this
study phase, so will the underground structures for the proposed Bad Creek Il (Figure 9 and Figure
10). The Main Dam and East Dike are founded on the TGn. The West Dam and a portion of the
reservoir are underlain by a sequence of schistose rocks belonging to the TFF (Figure 9). The TFF
rocks are predominantly the garnet-aluminous schist member; however, in places portions of the
upper graywacke-schist member is present. This belt of TFF rocks is isolated from similar rocks on
northwest and southeast of the Toxaway Dome by the refolding of earlier folds (Figure 9; Hatcher
1978a; Schaeffer 1987, 2016).

The TGn, part of the Precambrian basement of the eastern Blue Ridge, is a medium- to coarse-
grained gneiss of granitic to quartz monzonitic composition. It is composed of microcline,
plagioclase, quartz, and biotite with minor amounts of epidote, garnet, allanite, muscovite, zircon,
sphene, apatite, and opaques. The TGn can be divided into two major types: 1) a banded, medium-
to coarse-grained granitic gneiss composed of alternating light-colored quartz-feldspar rich bands
and dark biotite-quartz-feldspar bands and 2) a coarse-grained augen granitic gneiss consisting of a
poorly foliated feldspar-quartz-biotite gneiss with feldspar and locally hornblende augen up to 3
centimeters (cm) in length and a medium- to coarse-grained quartz-feldspar-biotite gneiss with a
more distinct foliation and feldspar augen up to 1 cm. Layers of biotite-hornblende schist (sills or
dikes, possibly feeders for the mafic volcanic rocks of the TFF) are present with thicknesses up to 20
feet. Their orientation is parallel to the dominant foliation/banding in the TGn. At least two
generations of quartz-feldspar-mica pegmatites occur within the TGn. They are distinguished by the
fact that the later generation is undeformed except by fracturing, whereas the earlier generation is
folded. Most of the early pegmatites parallel the dominant foliation, the later generation cuts across
foliation. Small cross-cutting quartz veins are also present.
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Source: Duke Power Company 1991; Schaeffer 1987, 2016
Figure 9. Geologic Map of the Bad Creek Pumped Storage Project Site

September 1, 2022 | 15



Bad Creek Il Power Complex Feasibility Study
Volume 7: Geology and Seismology Studies

Figure 10. Geologic Map
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The TFF consists of three members in the site vicinity (Hatcher 1977; Schaeffer 1987, 2016; Figure
9). The lower graywacke-schist-amphibolite unit consists of meta-graywacke (biotite gneiss),
amphibolite, muscovite schist, biotite schist, pegmatites, and minor granitic gneiss. The garnet-
aluminous schist member includes muscovite-garnet-kyanite schist with minor interlayered
amphibolite, muscovite schist, and meta-graywacke. The upper graywacke-schist member consists
of metagraywacke (biotite gneiss), muscovite schist, and muscovite biotite schist with minor amounts
of interlayered amphibolite, granitic gneiss, and pegmatite. The units have undergone regional
metamorphism to the kyanite zone of the amphibolite facies.

During the original design studies for the Bad Creek Project (pre-1985), the subsurface exploration
program had the following primary objectives related to the underground excavations and structures:
1) examine the rock characteristics and geologic structure of the proposed powerhouse location, 2)
determine the most feasible powerhouse orientation and location with respect to the geologic
structure and in-situ stresses, 3) provide the data and experience necessary to facilitate an efficient
design of the underground portions of the project, and 4) serve as a model for the instrumentation
and monitoring to be incorporated into the permanent underground structures.

Early in the project it was decided that a pilot tunnel into the proposed powerhouse location would be
the primary activity of the underground exploration program. Preliminary core drilling, laboratory
testing of core samples, and deep borehole hydrofracturing stress measurements (see Section
4.3.4) had been conducted before the design of the pilot tunnel program (Duke Power Company
1978; Schaeffer and Steffens 1979). Data from these tests showed generally good rock conditions,
but with high horizontal in-situ stresses present. However, due to the magnitude of the project, the
pilot tunnel program was considered a prudent investment. The pilot tunnel excavation and testing
lasted from October 1976 through September 1977. The work was divided into three main
components: 1) excavation monitoring, 2) rock testing including the measurement of the in-situ rock
mass stress orientation and magnitude utilizing the overcoring methodology (see Section 4.3.4), and
3) geologic mapping and investigations (Duke Power Company 1978; Schaeffer and Steffens 1979;
Schaeffer et al. 1979).

The geologic program conducted during construction of the Bad Creek Project (from 1985 to 1991)
provided additional geologic information for construction and design personnel to make necessary
changes to the design and construction techniques due to geologic conditions and to document the
conditions encountered. The geologic studies included observation, measurement, sampling,
photographs, mapping, and evaluation of the exposed rock and foundation surfaces. The geologic
conditions encountered in the underground works were documented by geologic mapping of at least
one rib of all tunnels; the walls of the two vertical shafts; and the walls, crown, and floor of the
powerhouse cavern at a scale of 1 inch = 6.56 feet. The aboveground structures including dam
foundations, intake excavation, and discharge excavation were mapped at a scale of 1 inch = 20
feet. The upper reservoir area was mapped at a scale of 1 inch = 200 feet after all excavation and
borrow work was completed. The mapping was the primary input into construction and design
considerations as work progressed and was supplemented by additional studies as needed. The
geologic work during construction, including additional studies beyond the geologic mapping (for
documentation), are described and discussed in Duke Power Company (1991) and Schaeffer (2016;
included in Appendix B). The drawings documenting the underground geologic mapping and specific
geologic studies are part of the as-built Bad Creek Project documentation (Drawing Series BK-1011-
09 to -15).
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The intake, underground structures (tunnels, powerhouse, vertical shafts), and intake/discharge
structure of Bad Creek Il will be excavated in the TGn based on the geotechnical investigation and
the previously collected geologic data (Figure 9 and Figure 10).

An alternate interpretation of the geology along Lake Jocassee at the intake/discharge area is shown
in Figure 11 (Clendenin and Garihan 2007a). It shows TGn in the Bad Creek Il underground
structure area, but a more complex relationship between the TGn and TFF rock units than shown in
Figure 9 as well as two northwest-trending faults that are discussed later in Section 4.3.3 of this
report.
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Figure 11. MS-28 — Geologic Map of a Portion of the Salem and Reid Quadrangles
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4.3.2  Lithology

Detailed geologic mapping of the Bad Creek Project underground excavations resulted in a detailed
subdivision of rock types within the TGn. The following units were recognized and mapped during
the construction:

1. Granitic Gneiss, medium light gray to light gray, medium- to coarse-grained gneiss consisting
of alternating layers of light-colored quartz-feldspar bands and darker biotite-quartz-feldspar
bands, well-foliated;

2. Banded Augen Granitic Gneiss, medium light gray to light gray, medium- to coarse-grained
gneiss consisting of a foliated (banded) quartz-feldspar-biotite gneiss containing feldspar
augen up to 1 cm long;

3. Augen Granitic Gneiss, medium light gray, coarse-grained gneiss consisting of a coherent,
massive, poorly foliated feldspar-quartz-biotite gneiss with feldspar and locally hornblende
augen up to 3 cm long;

4. Biotite Schist, medium dark gray to dark gray, coarse-grained biotite-hornblende schist;

5. Biotite Gneiss, medium dark gray to dark gray, medium- to coarse-grained biotite-hornblende
gneiss;

6. Biotite Augen Gneiss, medium gray to medium dark gray, medium- to coarse-grained,
foliated biotite-feldspar-quartz gneiss with feldspar augen up to 1 cm long, biotite content
generally greater than 30%;

7. Quartz-Feldspar Gneiss, very light gray to white, very coarse-grained, distinctly foliated
quartz-feldspar gneiss with minor biotite (less than 10%);

8. Very Coarse-Grained Granitic Gneiss, light gray, very coarse-grained, distinctly foliated
quartz-feldspar-biotite gneiss, biotite content greater than 10%;

9. Weathered Sheared Rock, moderate to moderately severe weathering, light gray to yellowish
gray to greenish gray, original rock type granitic or augen granitic gneiss; and

10. Hard Sheared Rock, medium light gray to light gray, medium- to coarse-grained rock, original
rock type granitic or augen granitic gneiss.

4.3.3  Structural Geology

The foliation in the TGn and TFF rocks is defined by the parallel orientation of platy minerals and by
compositional layering. The average orientation of foliation in the Bad Creek reservoir area is N37E;
38SE and varies from N35-50E; 28-41SE in the underground works. Minor folds are present; some
lie within foliation whereas others fold the dominant foliation. The earliest set of folds are isolated “z-
", “s-", and crescent-shaped fragments, which are axial planar to the dominant foliation. The
presence of these isolated fold fragments indicates that transposition of an older foliation has
occurred. The second set of folds are isoclinal to open with variable development of a secondary
foliation. In areas where this folding is isoclinal, an axial planar foliation (defined by secondary
biotite) is present. Later open folding was recognized in several tunnels of the existing Bad Creek

Project.

Shear zones with thicknesses up to 200 feet occur throughout the TGn and generally parallel the
dominant foliation. Four major shear zones are present in the reservoir and dam areas (Shear Zones
C, D, E, and F on Figure 10) and two additional major shear zones (Shear Zones A and B on Figure
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10) were mapped in the underground tunnels (Figure 12; projections to the ground surface are
shown on Figure 10).
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Figure 12. Cross-section of Existing Bad Creek Underground from the Upper Intake to the
Discharge/Intake Structure on Lake Jocassee showing Location of Shear Zones A, B, C,
and D

Shear Zone A is in the vertical access shaft and in the excavation along Lake Jocassee for the
intake/discharge structure. Shear Zone B is present in the vertical access shaft, the main access,
Tailrace 1 & 2, and Tailrace 3 & 4 tunnels. Shear Zone C is present in the main access, penstock
bypass, tailrace bypass, draft tube gate, Tailrace 1 & 2, and Tailrace 3 & 4 tunnels and the vertical
access shaft. Shear Zone D is present in the manifold, Penstock 1, Penstock 2, Penstock 3, and
Draft Tube 1 tunnels and in the west, north, and east wall and along the floor of the powerhouse
cavern. The zones consist of hard sheared rock with layers of weathered sheared rock present. The
zones are mineralized with chlorite, epidote, calcite, and quartz in various combinations. Originally
white feldspars have been discolored to a pink or light orange-pink color within and adjacent to the
shear zones. Along some of the shear planes, breccia is present with thicknesses of less than 1 inch
to approximately 12 inches. The breccia consists of granitic gneiss, coarse quartz/feldspar
(pegmatites), and vein quartz fragments in a matrix of fine-grained chlorite and epidote. Several of
the shear zones have associated weathered zones up to 12 inches thick. Within the weathered zone
there is up to 2 inches of gouge-breccia composed of granitic gneiss, coarse quartz/feldspar, and
vein quartz fragments in a clay matrix. The hard sheared rock exhibits tight, complex isoclinal folding
with sheared out limbs and a secondary axial planar foliation defined by biotite. This relationship
indicates that the major shearing is related to the second fold event, although some of the shear
zones may have been reactivated from the first fold event. The brecciation and mineralization of the
zones is a later faulting event.

In the intake excavation, Shear Zone C (referred to as the D6/East Dike shear zone in the Bad
Creek Design Report [Duke Power Company 1991]) was first mapped during the intake structure
excavation. In the east dike foundation, the shear zone consists of a weathered zone 2 to 3 feet thick
with alternating layers of hard material (quartz-feldspar pegmatites and breccia with an epidote-
chlorite matrix) and soft material (weathered granitic gneiss, weathered sheared rock, discontinuous
layers of biotite schist, and discontinuous layers of phyllonite %2 to 12 inches thick). Within portions of
the shear, there is up to 8 inches of gouge-breccia composed of rock, quartz/feldspar fragments, and
vein quartz fragments in a clay matrix. A relatively pure clay layer, 1 to 2 inches thick, is present
along the hard layer of breccia. The harder layers within the zone are highly fractured with Mn and
Fe staining along the fractures indicating water percolation.
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For this phase of study, a representative sample of structural data collected during the geologic
mapping of the Bad Creek 1 above- and underground structures that were still available in various
files were analyzed. This included structural data from the following:

1. West dam foundation (only data collected from granitic gneiss (primarily TGn) and biotite
gneiss (TFF);

2. Main dam foundation (all from TGn); and

3. Allunderground tunnels (main access, draft tube gate, penstock bypass, tailrace bypass,
powerhouse bypass, manifold, penstocks [4], draft tubes [4], and tailrace tunnels [2]) and
vertical shafts (intake and access shafts). The data were extracted from the as-built geologic
maps of these structures. Structural data from the powerhouse mapping are not included in
the underground data sets.

The compiled data is included on four Excel spreadsheets (including the GEL Solutions televiewer
data) and the DIPS Version 8.008 files used for the stereonets of the structural data included in
Appendix A (files are provided electronically including scans of the original field data compilation for

the main and west dams).

The data from the main dam and reservoir mapping was utilized in the kinematic analysis of the
proposed Upper Reservoir I/O rock cuts (the analysis is provided in Appendix C and discussed later
in Section 6.1 of this report). The compiled data from the underground geologic mapping was used
in the projection of the shear zones into the vicinity of the proposed Bad Creek Il water conveyance
alignment and is discussed in Section 6.3. The site structural data is summarized in Table 1.

Table 1. Structural Data from Bad Creek 1 Geologic Mapping

West Dam Mapping (1987-1990) - Granitic and
Biotite Gneiss; Foliation from Reservoir Mapping -
Joints, N = 1152; Foliation, N = 116

Main Dam Mapping (1986-1990) Sampled Data.
Joints N = 2689 of 6687 Measurements; Foliation =
1188 of 3619 Measurements

N33E; 33SE (S)!

N34E; 34SE (S)

N62W: 83SW (Jt)2

N51W; 80SW (Jt)

N37E; 77NW (Jt)

N37E; 70 NW (Jt)

N89W; 76NE (Jt)

N85E; 78NW (Jt)

Reservoir Area - (1983-85 Mapping)

Main Dam Mapping (1986-1990); Faults, N = 676;
Shear Planes, N =402

N37E; 38SE (S)

N36E; 77SE (Flt)3

N47W; 88SW (Jt)

N49W; 82SW (Flt)

N77E; 82NW (Jt)

N35E; 33SE (Sh)*

N42E; 74NW (Jt)

Underground Mapping (1985 to 1989)

Underground Mapping (1985 to 1989)°. Joints, N =
764; Foliation, N = 1131; Faults, N = 193; Shear
Planes, N =72

N35E; 30SE (S)

N84E; 67NW (Jt)

N70E-N70W; <50N & S (Jt)

N44E; 30SE (S)

N60E; 60NW (Jt)

N63E; 55NW (FIt)

N65E; 30SE (Jt)

N49E; 31SE (Sh)

N45W; 70-90SW or NE(Jt)

1S - Foliation; 23t - Joint; 3FIt - Fault; 4Sh - Shear Plane

SUnderground data compiled (2021-2022); powerhouse structural data not included.
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There are three dominant joint sets in the Bad Creek reservoir area based on the pre-construction
mapping: 1) N77E; 82 NW, 2) N42E; 74NW (strike joints), and 3) N47W; 88SW (dip joints). The
predominant joint set varies between N70W and N70E with steep north and south dips (>50°) in the
underground works. Another set strikes N60E with moderate to steep northwest dips and a weakly
developed set oriented N45W with steep southwest dips is present. All joint sets have some degree
of mineralization, but the northeast and particularly the east-west set (N77E in the reservoir area)
contain a greater percentage of mineralized joints. The dominant mineral fillings are quartz, chlorite,
epidote, biotite, and calcite in various combinations. Iron oxide and manganese staining is present
along weathered joint surfaces. Spacing within the joint sets varies from less than 1 inch to greater
than 50 feet.

In the underground portion of the Bad Creek Project, the dominant joint set is oriented N70E to
N70W (~N87E; see Table 1) with dips >50° north and south. Other sets are oriented N60E; 60NW,
N65E; 30SE (foliation joints), and N45W; 70-90SW or NE. The joints are tight at depth with similar
mineral fillings as noted in the reservoir area. Near the ground surface some joints are open and with
weathering resulted in blocky conditions at the main access tunnel portal for approximately 200 feet
into the tunnel that was supported by steel sets and a concrete lining.

Fault and fault zones in the underground portion of the Project are present and are generally
associated with the northeast-striking joint sets. Single fault planes with few associated fractures
have offsets up to 6 inches (vertical separation). The fault zones have complex fracturing with
several planes and offsets ranging from less than 1 inch to greater than 12 feet. Breccias up to 6
inches thick are developed along some of the fault planes and consist of rock, quartz/feldspar, and
vein quartz fragments in a fine-grained matrix of chlorite-epidote. Discoloration of feldspars to pink
occurs along some of the fault planes. All fractures within the zones are mineralized by combinations
of epidote, chlorite, quartz, and calcite. Along some of the fault planes, chlorite up to 2 inches thick is
present. Subhorizontal slickensides on the chlorite indicate the primary movement was strike-slip.
The thicker chlorite mineralization has a secondary shear foliation, indicating minor movement after
the primary mineralization. In some fault zones the rock is shattered between fault planes with
chlorite-quartz mineralization throughout the fracture zone. The brecciation and mineralization of the
fault zones occurred at the same time as the brecciation along the shear zones. The faults and
shear zones are similar to others within the southern Appalachians that have been healed under
greenschist metamorphic conditions, suggesting the last movement occurred at least 300 Ma
(Gilbert et al. 1982).

Clendenin and Garihan (2007a) mapped two northwest-trending oblique-slip faults northeast and
southeast of the existing and proposed underground works. Northwest-trending faults were not
encountered in any of the underground excavations for the Bad Creek Project and only minor
northwest-trending faults were mapped in the Bad Creek reservoir and in the main dam, west dam,
east dike, and intake channel/structure (see Appendix A, Figures A-13 [aboveground data] and A-18
[underground data]; in Appendix A; Duke Power Company 1991; Schaeffer 1987, 2016; Table 1).
These northwest-trending faults mapped in the reservoir and dam/intake areas were short splays
with minor offsets of the primarily northeast-trending faults as discussed in the previous paragraph.
The previous mapping (Figure 9) and mapping during the feasibility study (Figure 10) did not identify
these two faults along the present access road along Lake Jocassee to the location of the existing
and the proposed Lower Reservoir I/O works. At both locations on the access road to the existing
powerhouse complex, landslides (previously mapped in the early 1980s; Schaeffer 2016) are
present and there is no indication of faulting on either side of the two landslides, although the
landslides could be concealing the faults. However, the geologic sequence along the access road
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was checked during the field reconnaissance and confirmed that the earlier mapping shown in
Figure 9 is correct regarding the location of the TGn/TFF contact indicating faulting shown in Figure
11 is not supported by geologic interpretations presented in this report. Along Musterground Road
(see Figure 11), the rock identified by Clendenin and Garihan (2007a) is a coarser phase of the TGn
and not migmatitic lithologies of the TFF. The northwest-fault in that vicinity was not identified or
observed during the field reconnaissance and the determination of the lithologies northeast of the
fault along Musterground Road as phases of the TGn makes the through-going northwest-striking
fault shown on Clendenin and Garihan’s map (Figure 11; 2007a) unlikely.

4.3.4 In-Situ Stress Measurements

Two methods of in-situ stress measurement were employed for the design of the existing Bad Creek
Project tunnels, caverns, and shafts: hydrofracturing and overcoring. Hydrofracturing tests were
performed in a deep borehole (B-52) from the ground surface and the overcoring technique was
employed in the proposed powerhouse location in the pilot tunnel. Table 2 provides the in-situ stress
values obtained from the hydrofracturing tests and Figure 13 depicts values from the overcoring
tests. Preliminary calculations and the hydrofracturing measurements assumed a vertical stress
(lithostatic) component equal to that due to overburden. At the overcoring test depth this would be
approximately 690 psi. The vertical stress determined from overcoring was 1476 psi and was
oriented 10° south of east at an angle of 14° from vertical (Figure 13). If this higher stress magnitude
had been assumed in the hydrofracturing stress calculations, there would have been good
agreement with the overcoring results. The direction of the horizontal stresses is in excellent
agreement between the overcoring and hydrofracturing tests.

Table 2. Hydrofracturing Results in Borehole B-52

Stress Pore Pressure Stress Magnitude Pﬁﬂg?p;[:l“g':]reosfs
Vertical Stressy O s 800 — 1000 pSl Vertical
) ] o 0 psi 2500 - 4100 psi N60OE
Maximum Horizontal, ©: 300 psi 2200 — 3800 psi N6OE
Minimum Horizontal, O 2 1950 — 2650 psi N30OW

Note: Several tests were performed at different depths in the vicinity of the proposed Bad Creek Il powerhouse.
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Source: Duke Power Company 1991
Figure 13. Result of Overcoring In-situ Stress Measurements in the Pilot Tunnel
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Overcoring stress values were among the input parameters for finite element modeling (FEM)
performed for the design of the existing Bad Creek Project powerhouse and tunnels. Results of the
FEM analysis were used to determine the shape of the powerhouse and tunnels; other factors such
as geologic structure, support methods, and other functional requirements played a major role. The
most useful information from the FEM results was an estimate of the how much rock movement
should be expected during and after powerhouse excavation. These estimates became the basis for
evaluating the data from installed instruments during and after construction of the existing
powerhouse.

4.4 Seismicity

The East Tennessee Seismic Zone (ETSZ), closest to the Bad Creek Project, is one of the most
active seismic zones in eastern North America (Bollinger et al. 1991) and is located primarily in the
Valley and Ridge physiographic province of Tennessee with a portion in the Valley and Ridge and
Blue Ridge physiographic province of western North Carolina (Figure 14). The zone is approximately
300 kilometers (km) long and 50 km wide and has not produced a damaging earthquake in historical
time (Powell et al. 1994). The earthquakes occur at depths of to 5 to 25 km within Precambrian
crystalline basement rocks beneath the thrust sheets of Paleozoic sedimentary rocks of the Valley
and Ridge (Bollinger et al. 1976; Bollinger et al. 1991). The structures likely responsible for the
seismicity in the zone are reactivated Precambrian to Cambrian normal faults formed during the
rifting (extension) that formed the lapetus Ocean and are located beneath the later accreted
Appalachian thrust sheets (like the Giles County Seismic Zone in Virginia; Wheeler 1995). In the
recent EPRI (2012) Central and Eastern United States seismic source characterization, the site is in
the Paleozoic extended crust zone (Figure 15) as described in the previous two sentences. Despite
its relatively high rate of activity, the largest known earthquake in the ETSZ is My 4.73 (1973 Alcoa-
Marysville earthquake; Bollinger et al. 1991).

3 Mw = Moment Magnitude.
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Note: BCPSP = Bad Creek Pumped Storage Project; A = Valley and Ridge and Blue Ridge; B = Piedmont; C=
Coastal Plain. GCSZ = Giles County Seismic Zone (not discussed in text); ETSZ = East Tennessee Seismic Zone;
CVSZ = Central Virginia Seismic Zone; CSZ = Charleston Seismic Zone (not discussed in text); NMSZ = New Madrid
Seismic Zone (not discussed in text). Figure modified from Bollinger et al. 1991).

Figure 14. Southeastern U.S. Seismicity (1774 to 1987), Physiographic Provinces and
Seismic Zones
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BAD CREEK
PROJECT

Source: EPRI 2012

Figure 15. Central and Eastern United States Seismotectonic Zones and Location of the
Bad Creek Pumped Storage Project

Recent work between Vonore and Maryville, Tennessee, centered on the Tellico Reservoir and the
Little Tennessee River, has yielded evidence of paleoseismic features within a narrow northeast-
trending zone (Hatcher et al. 2015; Glasbrenner et al. 2015; Warrell et al. 2017). The evidence
includes faulted Quaternary river sediments and folded terrace deposits with faults that have offsets
of up to 2 meters that involve bedrock (Hatcher et al. 2015; Warrell et al. 2017). Warrell et al. (2017)
dated features within the zone and determined that at least three large earthquakes occurred in the
ETSZ during the late Pleistocene (1.0 (?) to 0.012 Ma) with at least one or more exceeding My, 6.

The Central Virginia Earthquake of September 1, 2011 (My 5.7 - 5.8) was the largest and most
damaging in the central and eastern United States since the 1886 Charleston, South Carolina
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earthquake (estimated My 6.8 - 7.0). The earthquake occurred on a north or northeast-striking plane
with reverse faulting within a previously recognized seismic zone, the “Central Virginia Seismic
Zone.” The Central Virginia Seismic Zone (CVSZ) has produced small and moderate earthquakes
since at least the 18th century. The previous largest historical shock from the Central Virginia
Seismic Zone occurred in 1875. The CVSZ is in the Appalachian Piedmont Province between
Richmond and Charlottesville, Virginia (Figure 14). The zone has an elliptical area, with a north-
south dimension of 100 km and an east-west dimension of 120 km, as defined by historical
earthquake activity (Bollinger and Sibol 1985; Coruh et al. 1988). The depth of the earthquakes
ranges from near surface to 12 km, placing them above the Appalachian detachment (Chapman
2015) in contrast to the ETSZ where earthquakes occur below the detachment.

On August 9, 2020, a 5.1 Mw magnitude earthquake occurred on August 9, 2020, with an epicenter
approximately 2.5 miles southeast of Sparta, just south of the Virginia-North Carolina border (Figure
16). The earthquake caused damage to over 500 buildings and other infrastructure (Hill 2020;
Figueiredo et al. 2022). Surface ruptures were attributed to a south-southwest-dipping reverse fault
(Little River fault [LRF]) and were traced for ~2.5 km along the northwest trend (Hill 2020; Figueiredo
et al. 2022). The LRF produced a maximum vertical displacement of 25.2 cm, with similar vertical
displacements along much of the fault trace (Hill 2020; Figueiredo et al. 2022). The hanging wall was
to the south (northeast side up; reverse fault as shown by the initial USGS focal mechanisms [USGS
2020a]). There is no recorded historical seismicity in and around Sparta, but Hill (2020) speculated
that the LRF may be associated with the Giles County Seismic Zone, which is centered in Virginia
approximately 100 km to the north. The depth of the main shock, 4.1 km (USGS 2020b), suggests
that it occurred above the master decollement (depths of 5 to 12 km) and is not related to the Giles
County Seismic Zone or ETSZ where the earthquakes typically occur below the decollement in the
Paleozoic extended crust._The estimated magnitude of the Skyland 1916 earthquake is Mw 5.1
(Figure 16) similar to the magnitude of the Sparta 2020 earthquake.

Prior to filling Lake Keowee in 1968, none of the historical seismic activity occurred in the vicinity of
the Bad Creek Project. Because seismic activity appeared to have increased after impoundment of
the Keowee Hydro Project (as evidenced by a swarm of seismic events associated with Lake
Keowee in 1978 and other recorded events), the potential of reservoir-induced seismicity was
studied by Duke Power Company (Schaeffer 1991). Both Lake Keowee and then later Lake
Jocassee were associated with reservoir-induced seismicity (sometimes referred to as reservoir-
triggered seismicity). Most of the events have been small, with the largest having a local Magnitude
(ML) of 3.8. Activity at Lake Jocassee has decreased significantly since first filling in 1976 while
activity at Keowee has also decreased (Schaeffer 2000). During the study of the reservoir-induced
seismicity, seismic activity was closely recorded by the stations of the seismic network operated by
Duke Power Company and that of the South Carolina Seismic Network. Only a minor increase in
seismicity was reportedly related to initial filling of the Bad Creek upper reservoir — from about 5
events per month to about 10 per month. However, no correlation could be made with the observed
increase with Bad Creek reservoir filling and operation of the plant (up to 160 feet of potential
change in the reservoir level). Of the minor earthquakes in the area, none were located under or
very near to the Bad Creek reservoir. Seismic activity clearly related to Lakes Keowee and Jocassee
decreased to near background levels by 2000 (Schaeffer 2000). The cluster of earthquakes on
Figure 16 near the site are primarily related to the induced seismicity at Lakes Jocassee and
Keowee.
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Earthquakes with My, >3 and contours of Peak Ground Acceleration (PGA) for Vs3o* equals 760
m/sec with 2 percent probability of exceedance in 50 years (2475-year return period) from the 2018
National Seismic Hazard Maps developed by the U.S. Geological Survey (USGS 2018) are shown in
Figure 16. The PGA at the Bad Creek Project site is 0.24g for Vs3g of 760 m/sec (Site Class B/C>
Boundary) and 0.21g for Vs3o of 2000 m/sec (Site Class A*) as shown in Figure 17 as are the hazard
curves for spectral acceleration at selected periods and a Uniform Hazard Spectrum (UHS at 5%
Damping) for both values of Vs30 (USGS 2014b).

4 Vs3o is the shear wave velocity of the upper 30 meters of earth materials.
5 Site Class A = Hard Rock (Vs > 1524 m/sec); Class B = Rock (762 m/sec < Vs < 1524 m/sec); Class C =
Very Dense Soil and Soft Rock (366 m/sec < Vs < 762 m/sec).
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Figure 16. Seismic Hazard and Historic Earthquake Centers near the Bad Creek Pumped Storage Project
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Note: This figure is not intended to be used for design or any type of analyses.

Source: USGS 2014a

Figure 17. Hazard Curve and Uniform Hazard Response Spectrum (2475-year return
period; 5% Damping) for a) Vszo = 760 m/sec and b) Vsz = 2000 m/sec

5 Evaluation of Geologic Characteristics

The geologic characteristics of the bedrock in which the underground structures are to be excavated
and constructed for Bad Creek Il are summarized in Table 3. This information is based on the
geological and geotechnical studies performed for the design of and geologic mapping and studies
performed during construction of the existing Bad Creek Project underground structure.

Table 3. Summary of Geologic Characteristics

Geologic Characteristic

Relation to Project Area

High seismic risk/active faulting within
the project area

The project area is considered to have low to moderate seismic risk. No
known Quaternary/active faults in the site vicinity (USGS 2014a, 2014b,
2018).

Active landslides in project area

There is an old landslide at the intake/discharge of the Bad Creek
Project on Lake Jocassee (see Appendix B; Schaeffer 2016). The slide
material was removed during construction of the existing plant and a
retaining wall was installed on the slope that stabilized part of the
original landslide above the retaining wall and below the present control
room//switchyard complex. Figure 10 and Figure 18 show the extent of
a landslide/rockslide at the proposed Bad Creek Il I/O structure on Lake
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R

Geologic Characteristic

Relation to Project Area

Jocassee. The landslides/rockslides at the proposed Lower Reservoir
1/0 works will be an issue during excavation in this area to construct the
works. The landslide may possibly be in the crown of the tailrace
tunnels as it approaches the /O works and may be present around the
main access tunnel portal (Figure 10 and Figure 18; Appendix D,
Photographs 1 and 2).

Deep weathering profile

Total soil thickness and the depth of overburden (soil/saprolite) and
weathered bedrock at the Upper Reservoir 1/0 works, low pressure
headrace gates area, and vertical headrace shafts area varies from 10
feet to greater than 90 feet. At the Lower Reservoir I/0O on Lake
Jocassee, the overburden is primarily landslide deposits that are up to
100+ feet thick based on the interpretation of the one borehole (B-21-4)
in the area and the seismic refraction and MASW lines (Appendix D)
The landslide deposits are not deeply weathered.

Highly permeable rock

Most of the water encountered in the Bad Creek Project underground
excavations, past the initial ~200 feet of the main access and tailrace
tunnels from their portals on Lake Jocassee, were associated with
specific geologic features - the foliation parallel shear zones and some
of the high-angle fault zones (Figure 10 and Figure 18; Schaeffer 1987,
2016 in Appendix B; Duke Power Company 1991).

Soluble rock material

Not present in the TGn.

Low strength, vibration-sensitive,
friable, highly abrasive, slaking, or
unlithified rock material

Weathered rock associated with shear zones and biotite schist and
biotite-hornblende schist will have lower shear strengths than the
unweathered TGn.

Highly faulted, folded, or fractured rock
material

Most of the faults/fractures in the TGn have secondary mineralization
and are not highly fractured/faulted. The shear zones mapped in the
reservoir and in the existing Bad Creek Project underground structures
have weathered sheared rock and later brittle faulting associated with
them.

Thinly laminated, structurally deformed,
fine-grained rock masses

Phyllonitic material present along some of the foliation-parallel shear
zones in the underground excavations and thin, foliation parallel biotite-
hornblende schist layers.

Rock Mass In-Situ Stress Field

High in-situ stresses that can result in rock burst and stress-related
issues in the larger underground opening including the powerhouse,
voltage bus/excitation galleries, draft tube gate and access gallery
tunnel, draft tube gate annexes, and draft tube gate vertical shafts and
at intersections of tunnels and shafts (Schaeffer 2016; see pages 66 to
70 in Appendix B).
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Figure 18. Bad Creek Il Power Complex — Proposed Alignment — Projection of Shear Zones
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6 Geology and Constructability

6.1 Intake/Discharge Structure — Upper Reservoir

The intake discharge channel will be excavated primarily in weathered rock/sound rock as most of
the soil in that area was removed and used in the cores of the upper reservoir's dams and dike. The
thickness of overburden (fill/soil/saprolite) and weathered rock overlying firm/sound rock is shown on
the figures in Appendix D. Shear Zone E will be present in the upper part of the excavation, but
should not be a major stability issue since it dips away from the excavation face. The Upper
Reservoir I/O excavation will require sinking cuts to keep a portion of the weathered rock /sound
rock as a temporary cofferdam to allow the existing Bad Creek Project to continue to operate during
the Upper Reservoir I/O construction.

A kinematic analysis of the sinking rock cuts in the four walls was performed and is documented in
Appendix C. The results indicated that a 0.5H/1V cut was the most stable configuration. Cuts in rock
up to vertical are feasible based on the experience at the Bad Creek Project intake structure. The
rock cuts, regardless of dip angle, will require some degree of stabilization including pattern rock
bolts and possibly wire mesh.

The thickness of overburden (fill/soil/saprolite) and weathered rock overlying firm/sound rock
underlying along the low-pressure headrace tunnels, the low-pressure gate shafts, and the vertical
headrace shaft areas are shown on the figures in Appendix D.

6.2 Intake/Discharge Structure — Lower Reservoir

The Lower Reservoir I/0 works on Lake Jocassee will be constructed through landslide deposits that
overlie TGn (Figure 1 and Figure 18). The base of the landslide is consistent with the projected
location of Shear Zone B (Figure 18; Appendix D). It is approximately 91 feet thick at the location of
B-21-4 (Figure 1 and Figure 10) and may be over 100 feet thick in places based on the seismic
refraction and MASW lines (see figures in Appendix D). The cuts to the north, west, and east for
construction of the works will require support (such as a tie- back wall or series of tie-back walls)
through the landslide deposits and rock bolts or other types of support in bedrock. The best
interpretation of the data to date suggests that the crown of tailrace tunnels at the I/O works may be
landslide deposits. Additional exploration is needed in the area to better understand the geologic
conditions. The ground conditions at the proposed location of the main access tunnel portal for Bad
Creek Il are not yet known, but will be near the southern boundary of the landslide.

6.3 Tunnels, Vertical Shafts, Powerhouse Cavern.

The major factors affecting the design of the underground structures are the structural geology of the
site and the orientation and magnitude of the in-situ stresses. The underground structures of the
existing Bad Creek Project and likely the new Bad Creek Il powerhouse are in the TGn. The rock is
of good to excellent quality. The foliation is consistent with an average orientation of N35-44E; 30SE
in the existing underground works and may or may not be the same in the underground works for
Bad Creek Il. The dominant joint set is oriented N70E to N70W (east-west) with dips >50° north and
south. Other sets are oriented N60E; 60NW, N65E; 30SE (foliation joints), and N45W; 70-90SW or
NE. The joints are tight at depth. Near the surface some joints are open, and weathering resulted in
blocky conditions that will require support and/or ground reinforcement measures and minor water
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in-flow at the tunnel portals. Shear zones are present with orientations parallel to foliation and faults
with minor offsets are present and related to the northeast-striking joint set. Most of the shear zones
and some of the faults made small amounts of water and were the only sources of water
encountered during the excavation of the existing underground excavations. Zones of closely
spaced joints, faults, and the shear zones may cause local zones of instability in the underground
works.

The rock that will be encountered in the underground for Bad Creek Il should be similar to that in the
original underground tunnels where the tunnels and vertical shafts generally stood unsupported after
excavation. The high in situ stresses caused some spalling to occur, primarily in the tunnel and
powerhouse crowns, but also in the northwest and southeast corners of the powerhouse excavation.
The spalling was continuously observed during the pilot tunnel work and was noted in the Pilot
Tunnel Geologic Report (Duke Power Company 1978) and in the bid documents. The spalling rock
occurred as thin slabs of rock and was most prominent in the more massive gneiss bodies in the
underground works. Near the ground surface where stresses had been relieved over time, spalling
did not occur. Only after a depth had been reached where the stresses had not been relieved did
spalling occur. Other than the blocky rock near the main access portal, no support of the main
access tunnel was needed (outside of spot rock bolts in the ribs) until the tunnel had advanced
approximately 770 feet, where the overburden was about 500 feet, and spalling occurred. At this
point, the spalling was controlled by using 10-foot-long, resin-anchored rock bolts (#9 bars) on a 5-
foot by 5-foot spacing in the tunnel crown and a 1-inch-thick layer of fiber reinforced shotcrete. The
need for rock bolts and shotcrete varied somewhat, depending on the rock type, but pattern rock
bolts and shotcrete were used routinely in the tunnel crowns for safety purposes in all the tunnels
after the first 770 feet in the main access tunnel. Similar conditions are likely for the Bad Creek Il
underground works. Similar support measures in the tunnels and vertical shafts will likely be required
for Bad Creek Il

The Bad Creek 1 powerhouse cavern was oriented long-axis north-south based on the geologic
conditions documented during the Pilot Tunnel studies in 1976-1977 (Duke Power Company 1978;
Schaeffer and Steffens 1979; Schaeffer 2016) and the results of hydrofracturing stress
measurements in borehole B-52 and overcoring stress measurements in the Pilot Tunnel (Duke
Power Company 1978; Schaeffer et al. 1979). The magnitude and direction of the in-situ stresses

determined by the overcoring technique are: 0:, maximum principal stress, 29.3 MPa (4253 psi) @

N57E, O, intermediate principal stress, 18.4 MPa (2675 psi) @ N32W, and Oz, least principal
stress, 10.2 MPa (1476 psi) subvertical. All stresses are compressive. The subvertical stress is
approximately two times that expected from overburden, indicating the Toxaway Gneiss at this
location is overstressed. The in-situ stresses are high enough that they caused shallow spalling of
excavated surfaces. Most of the spalling during the pilot tunnel studies occurred in the enlarged
powerhouse test chamber where the shape of the crown arch was such that large tangential
stresses were produced. The optimum orientation of the long-axis of the powerhouse cavern with
respect to the in-situ stresses would be N57E-S57W; that is, the short wall would be perpendicular to
the direction of the maximum stress and the long wall of the cavern would be perpendicular to the
direction of the intermediate stress. The main set of discontinuities in the powerhouse area are joints
of Set #1 (N75E; 86NW — closer to east-west strike in the powerhouse). These combined with the
foliation could produce large wedges in the crown. A north-south orientation of the powerhouse
minimizes the potential size of the wedges. The north-south orientation was selected as the most
stable with respect to both the discontinuities and the in-situ stresses. A north-south orientation for
the Bad Creek Il powerhouse is also recommended.
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For the Bad Creek Project powerhouse, with high horizontal stresses, a flat crown in the powerhouse
cavern would be advantageous, but a crown 20 feet high above the springline was deemed
necessary to provide frictional support for potential rock blocks delineated by the east-west joint set
and the foliation. An analysis of potential rock blocks in the cavern walls and crown was performed
using stereographic methods including rock bolt forces. Pattern rock bolts were specified in the walls
and crown of the powerhouse based on the analysis and successful experience in similar
powerhouses. In the crown and wall of the powerhouse above the structural concrete, 20-foot-long,
#9 Grade 60 rock bolts on a 5-foot by 5-foot pattern were specified. In the areas of the structural
concrete a 6-foot by 6-foot pattern was specified. The pattern in the end walls varied somewhat and
was modified based on rock conditions. All the rock bolts were of the fully polyester resin
encapsulated type. The bolts were designed as dowels (no pre-stressing), but to ensure they were
“snugged up” in order to mobilize their strength in case of rock movement, a two-part resin system
was used with nominal 350 foot-pounds of torque applied to provide nominal pretension. In addition
to the pattern rock bolts, the powerhouse crown received two 2-inch layers of shotcrete with welded
wire fabric installed between the layers. The pattern rock bolts have extensions through the
shotcrete allowing the false ceiling to be coupled to them for support. Additional rock bolts were
installed in rock wedges in the crown and portions of the Powerhouse crown had 12.5-foot by 25-foot
wire rope panels overlying #11 galvanized chain link and finer fabric-mesh installed for further crown
support.

Similar designed support will be required for the proposed Bad Creek Il powerhouse. Potential
issues for the Bad Creek Il powerhouse include stress relief in the crown resulting in cracking and
spalling shotcrete and are like those encountered in the Bad Creek Project powerhouse crown,
which required changes in the excavation sequence and size of bench blasts and the wire rope
support installed (see Appendix B; Schaeffer 2016, pages 66 to 70 for full description).

The major shear zones mapped in the upper reservoir and in the underground excavations for the
existing Bad Creek Project are shown on Figure 10. Shear Zones B, D, and E were identified in
Boreholes B-21-3 and B-21-2. A small shear zone was identified in B-21-4 and is presently
interpreted as one of the smaller shears of limited thickness encountered both in the reservoir area
and in the Bad Creek Project underground. The major mapped shear zones in the reservoir area and
underground structures and constrained by the location of the shear zones in the boreholes were
projected into the area of the proposed Bad Creek Il structures. Their relationship to the
underground structures for Bad Creek Il are shown in Figure 18. Based on the projection, Shear
Zones A, B, C, and D may be encountered in the Vertical Access shaft to the Powerhouse Complex
and Shear Zones C and D may be present in the Tailrace Tunnels. Shear Zone E projects into the
upper portions of the powerhouse crown and the voltage bus/excitation gallery and draft tube gate
and access gallery tunnel (Figure 18). It should be noted that Shear Zone E died out to the
southwest in the Bad Creek reservoir area and was not mapped in the foundation of the main dam.
Shear Zone F projects into the ~ 90° elbow where the vertical headrace shafts enter the high-
pressure headrace tunnels, there is the possibility that not all the shear zones projected into the area
of the proposed Bad Creek Il excavations and structures are present. Mapping in the power tunnel of
the Bad Creek Project showed that broad open folds are present in the bedrock (TGn) and possibly
folded the shear zones. In this case, the correlation of shear zones between the upper reservoir area
and the underground excavations as presented on Figure 18 may not be entirely correct.
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6.4 Construction Materials

Rock at the Bad Creek Il site is generally not suitable for use in concrete aggregate due to its
foliated/banded nature and was not used during the construction of Bad Creek 1. Sources of suitable
sand and aggregate will be assessed during the next phase of work.

6.5 Summary

There are no geological fatal flaws associated with the construction and operation of a Bad Creek Il
powerhouse. After 30+ years, the underground excavations at the existing Bad Creek Project have
stabilized and the support installed in them during construction has and is serving its function well.

7 Recommendations

The following are recommendations for the next phase of field geological/geotechnical
investigations.

e Additional borings and seismic refraction/MASW lines in the area of the Upper Reservoir I/O
works to better define the excavation required for its construction and for the design of a
dewatering system and/or grout curtain to reduce inflow from the existing reservoir into the
sinking cut required for construction.

e A deep boring in the vicinity of the proposed powerhouse to verify geologic assumptions
including the projection of the shear zones into the proposed water conveyance alignment.

e Additional borings and seismic refraction/MASW lines in the area of the Lower Reservoir 1/0
works to better define the limits (both horizontally and vertically) of the landslide deposits in
the area of the excavation required for its construction including the location and extent
(length across and depth) of required support (tie-back) for the upslope landslide deposits,
whether the landslide deposits may be present in the crown of the tailrace tunnels at the 1/0
works, and to assess the conditions at the location of the proposed main access tunnel
portal.

e Borings with inclinometers should be install above the location of the retaining wall planned
for the Lower Reservoir I/O works excavations to provide a baseline or potential movement
before and after excavation/construction and during plant operations.
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Date:  Thursday, September 17, 2020
Project.  Bad Creek Powerhouse 2 Feasibility Study
To:  FILE
cc Ed Luttrell, P.E., HDR; Ron Grady, P.E., HDR

From:  Malcolm Schaeffer. P.G.

Evaluation of Boreholes and Seismic Line Data Collected at the Upper and Lower
Reservoir Inlet/Outlet Works

Introduction

Subject:

As part of the Bad Creek Il Power Complex Feasibility Study, three boreholes and approximately 6,000
linear feet of seismic refraction and Multi-Channel Analysis of Surface Waves (MASW) were assessed by
GEL Solutions (GEL 2021a, 2021b). The locations of the lines are shown on Figure 1 for the upper
reservoir area (3,500 linear feet; Bad Creek Reservoir) and Figure 2 for the lower reservoir area (2,500
linear feet; Lake Jocassee). The seismic lines from the draft GEL Solutions report (2021a) were utilized
for the interpretations.

The preliminary excavation drawings for the upper reservoir and lower reservoir on which the
interpretations were placed were dated 05/20/20021 and 07/12/2021, respectively, and do not represent
the final excavation configuration.

Interpretation of this data was used in conjunction with the data/information discussed in the following
section to inform the excavation/grading plans for the upper and lower reservoir inlet/outlet works.

This memorandum documents HDR’s interpretations of the subsurface conditions with the present data.

Analysis

HDR’s analysis of seismic lines relied primarily on the refraction lines (Vp — Compressional Wave
Velocity); borehole data (B-21-1, B-21-2, B-21-3, and B-21-4; Figures 1 and 2); previous geologic
investigations, including foundation mapping of the dams, dike, and intake structure and upper reservoir;
geologic mapping of the landslide and discharge structure at the location of the existing lower reservoir
inlet/outlet works; and an understanding of the weathering patterns of the underlying granitic gneisses
that underlie most of the Bad Creek site (Schaeffer 2016). The MASW lines provided verification of visual
observations of the landslide/rockslide located at the proposed lower reservoir inlet/outlet works (Figures
2 and 3 and Photographs 1 and 2).

Top of Partially Weathered Rock (TPWR) and Top of Firm Rock (TFR) were defined as a Vp
(Compressional Wave Velocity) of 5,500 — 6,500 ft/sec and 8,500 — 9,500 ft/sec, respectively. In the
boreholes, TPWR was defined as the final refusal of either augers or tri-cone rotary bits. TFR was defined
as Rock Recovery (REC) greater than 95% and Rock Quality Designation (RQD) greater than 50%
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The analysis seismic lines with boreholes and excavation cross-sections for the upper reservoir and lower
reservoir inlet/outlet works are provided in Attachments A and B, respectively. Note that both the
inlet/outlet works and tunnel and gate details shown are not the final configurations.

The results of HDR’s analysis are summarized below:

1) Upper reservoir inlet/outlet works

a.

Depths to TPWR and TFR were determined with the available data at the location of the
sinking cut for the inlet/outlet works, the gate shaft, and the vertical access shaft to the
vertical shaft. These depths were incorporated in the most recent excavation plan
(08/06/2021).

The soil/saprolite/weathered rock on the west side of the proposed sinking cut will be
relatively thin when laid back at 1.5H:1V. A retaining wall was added to the most recent
excavation plan (08/06/2021) to account for this characteristic. A grout curtain is also
planned for this area.

2) Lower reservoir inlet/outlet works

a.

The landslide/rockslide will assert a major influence on the excavation methods and
support for the excavation and construction of the inlet-outlet works. (Note the most
recent excavation plan and sections are dated 07/20/2021.)

The landslide extents near the works are shown in Figure 3 and on the excavation plan
in Attachment B.

A retaining wall west of the inlet/outlet works will be needed to retain the slide material
before excavation and for permanent stabilization.

HDR’s interpretation of the vertical extent of the landslide/rockslide at the works places
the base of the slide at the TFR in the crown of the northernmost tailrace tunnel and just
above the crown in the southernmost tailrace tunnel at the inlet/outlet (see Excavation
Sections 1a-1a, 2-2a, and 3-3a in Attachment B). Options for supporting the tailrace
tunnel crowns as they advance toward the inlet/outlet works need to be considered and
included in the cost opinion.

The portal face for the main access tunnel is within slide material based on HDR'’s
interpretation of the data to date (see Excavation Section 7-7 in Attachment 2). Options
for advancing the tunnel through the slide material until competent rock is encountered
should be included in the cost opinion.

Recommendations

» Additional boreholes are needed in the locations of the upper reservoir inlet/outlet works, gate
shafts, and vertical shafts to further define the TPWR, TFR, and condition of the rock in the gate
shafts and the vertical access shafts.
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» Additional boreholes (and possibly seismic lines) are needed at the lower reservoir inlet/outlet
works to determine the lateral and vertical extent of the slide deposits at the location of the
structure, at the location of the tie-back wall west of the works, and the portal area of the main
access tunnel as presently configured.

» The cost opinion needs to take into account the uncertainties associated with the extent of the
slide materials in the lower reservoir works. A larger than normal contingency is justified due to
the unknowns at this stage of study.
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Figure 1: Profile lines at upper reservoir inlet/outlet works, gate shafts, and vertical shafts.
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Figure 2: Profile lines at lower reservoir inlet/outlet works and main access tunnel.
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Figure 3: Landslide (yellow shading) at the lower reservoir inlet/outlet works and main access
tunnel portal. Red dashed line — approximate contact of landslide with residual material, green-
filled circles — mapping point, red-shaded boxes around circles — mapped landslide deposits
or features. See figure 2 for actual extent of geophysical lines, primarily Line 15-6.
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Photograph 1: Standing above the south scarp of the landslide/rockslide at the lower reservoir
inlet/outlet works. Note the rock blocks within the slide proper.

Photograph 2: Within the landslide/rockslide above the lower reservoir inlet/outlet works. Note
the rock blocks and various orientations of the blocks.



ATTACHMENT A

Upper Reservoir Inlet/Outlet Works
1) Seismic Lines and Borehole Interpretations
2) Seismic Lines and Borehole Interpretations Superimposed on Preliminary
Intake Structure, Tunnels, Gate Shafts, and Vertical Power Shafts
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ATTACHMENT B

Lower Reservoir Inlet/Outlet Works
3) Seismic Lines and Borehole Interpretations
4) Seismic Lines and Borehole Interpretations Superimposed on Lower
Reservoir Excavation Cross Sections
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1 Introduction

As part of the Bad Creek 1l Power Complex (Bad Creek Il or Project) feasibility study being
performed by HDR Engineering, Inc. of the Carolinas (HDR) in coordination with Duke Energy of the
Carolinas, LLC (Duke Energy), a geotechnical field exploration program was carried out at the site of
the existing Bad Creek Pumped Storage Station near Salem, SC from February 2021 through June
2021. Geotechnical site investigation efforts were organized and implemented by HDR and various
subcontractors with logistical and site access support provided by Duke Energy. The Bad Creek Il
Geotechnical Investigation was performed to support the feasibility study of the Bad Creek Il water
conveyance tunnels and shafts, access tunnels and shafts, and underground powerhouse, and
appurtenant structures including the proposed Upper Reservoir Intake/Outlet works (Upper
Reservoir I/O) and Lower Reservoir Intake/Outlet works (Lower Reservoir I/O).

Five borings were drilled at the Project site and included downhole logging, packer testing, and
water level monitoring wells in two of the borings. Four of the five borings (B-21-1, B-21-2, B-21-3,
and B-21-4) were drilled at locations along the proposed water conveyance alignment. B-21-1 is
located at the Upper Reservoir I/O, Boring B-21-2 in the area of the low pressure headrace tunnels
just downstream of the low pressure headrace gates, Boring B-21-3 downstream of the vertical
intake shaft, and Boring B-21-4 at the Lower Reservoir I/0. Boring B-21-5 was completed to
investigate the Upper Reservoir I/O area, verify surface geophysical profiles, and to determine the
location in the subsurface of a previously mapped shear zone in the Bad Creek Upper Reservoir.
Boring locations are shown on drawings P-58, P-59, and P-61 in Appendix A.

The borings were drilled to obtain geotechnical data including soil properties, depth to top of
weathered rock, depth to top of competent rock, lithology and rock hardness, rock recovery, and
Rock Quality Designation (RQD), depth and thickness of shear zones, and rock permeability data
water pressure (i.e., packer tests). Downhole geophysical logging of the borings was performed to
assess rock mass fractures, foliation/banding, and other rock mass discontinuities. The borings were
drilled vertically to depths ranging from 120.3 to 500.3 feet (ft) below existing grade. Sampling
methods included Standard Penetration Test (SPT) sampling and HQ coring methods.

Surface geophysical investigations including seismic refraction surveys to establish compressional
wave velocities (Vp) and multi-channel assessment of surface waves (MASW) to establish shear
wave velocities (Vs) of subsurface materials that are utilized in the interpretation of subsurface
materials (overburden, weathered rock, firm/sound rock). Drawings P-59 and P-61 in Appendix A
show the locations of the geophysical lines.

Geologic investigations were conducted by HDR in tandem with the geotechnical investigation as
part of an overall geological and geotechnical assessment the site. The investigations have been
used to develop a geologic model of the proposed Bad Creek Il tunnel alignment. The results of the
assessments are presented in Volume 7 (Geology and Seismology Report) of the feasibility report.
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2 Regional Physiography and Geology

2.1 Regional Physiography

The proposed Project site is situated in the Blue Ridge physiographic province, a mountainous
zone that extends northeast-southwest from southern Pennsylvania to central Alabama and
varies in width from less than 15 miles up to 70 miles. It is characterized by rugged terrain with
valleys ranging in elevation from 1,000 ft in the south to greater than 1,500 ft in the north.
Several mountain peaks have elevations greater than 6,000 ft with relief of up to 3,500 ft. In
South and North Carolina. Massive and resistant basement gneiss, metaigneous, and
metasedimentary rocks underlie most of the province with the valleys tending to follow weaker-
rock outcrops (e.g., schist or minor carbonate rocks) and fracture or shear zones. The
underlying geologic structure has a strong influence on local topography. Drainage is generally
to the west; however, the slopes separating the Blue Ridge from the Piedmont physiographic
province are typically steep and provide the initial run-off (headwaters) for some of the largest
streams of the Piedmont, which drain to the east and southeast. The Project site is northwest of
the Blue Ridge escarpment, which forms the southeastern boundary of the Blue Ridge
physiographic province, with the Piedmont physiographic province to the south and southeast.

2.2 Regional Geology

The crystalline rocks of the southern Appalachians occur in northeast-trending parallel geologic
terranes. The Project is within the Tugaloo terrane, which includes rocks of the eastern Blue
Ridge province northwest of the Brevard zone (Hatcher 2002; Hatcher et al. 2007). The Blue
Ridge province is a complex crystalline terrane consisting of Precambrian gneissic basement
structurally overlain by a vast thickness of metasedimentary and metavolcanic rocks of
Precambrian to lower Paleozoic age (Hatcher 1978a, 1978b). Numerous igneous bodies of
mafic to felsic composition intrude into the basement core and into the overlying
metasedimentary and metavolcanic sequences. The structure of the Blue Ridge is controlled by
major thrust faults, associated complex polyphase folding, and subsequent brittle faulting
(Hatcher 1978a; Clendenin and Garihan 2007a; 2007b).

The principal rock units of the western Tugaloo terrane (eastern Blue Ridge belt) at the Project
site are the Tallulah Falls Formation (TFF) and the Toxaway Gneiss (TGn). The TFF consists of
biotite gneiss (metagraywacke), pelitic schist, mafic volcanic rocks, and quartzite; the rocks of
the TFF are migmatitic! in places. These rocks are intruded by Paleozoic granitoid rocks and
overlie 1,150 to 1,200 million years ago (Ma) Precambrian Grenville basement rocks in the
Toxaway Dome. The regional and site geology are discussed in detail in Volume 7 (Geology
and Seismology Report) of the feasibility report.

1 Migmatite — Rock consisting of alternating layers or lenses of granitic material in gneisses and schists;
related to partial melting of the rock during deformation and metamorphism and then re-crystallization of
the melt during the waning stages of metamorphism.
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3 Site Investigation Program

The field program included five borings drilled by sub-contractor S&ME, Inc. and logged by HDR
geologists. Packer testing was performed in all five borings after they were drilled to the required
depths. The results are discussed in Section 4. Soil and rock samples obtained from the borings for
testing were shipped to S&ME and GeoTesting Express, respectively.

The five borings were left open to the surface after drilling was completed to allow for downhole
optical and acoustic televiewer logging to the maximum depth achievable by GEL Solutions before
grouting them to the surface or monitoring well installation Borings B-21-2and B-21-5 had cloudy
water that prevented complete optical televiewer surveys. The results of the televiewer data are
discussed in Section 4.1.3.

After completion of the downhole logging, the casing through the overburden was pulled from
borings B-21-1, B-21-4, and B-21-5 and boreholes backfilled with grout. Borings B-21-2 and B-21-3
were backfilled with grout to depths of 70 and 90 ft respectively before installation of monitoring
wells.

Boring logs include lithology descriptions, packer testing intervals, and laboratory testing results. The
logs and photographs of rock core and soil SPT samples are included in Appendix B. A boring
summary is provided in Table 1.

Table 1. Boring Summary

Boring De-I;J(:Lal(ft) Inclination | Azimuth Soil(ﬁ;epth NUVT:t?arr ° \éV:;)Itﬁgr(efST AC%Jpstt?Ié:a?nd
Pressure Tests Televiewer
B-21-1 250.8 90 NA 4.0 5 NA Yes
B-21-2 300.8 90 NA 4.0 11 50-70 Yes
B-21-3 500.4 90 NA 6.4 7 70-90 Yes
B-21-4 150.4 90 NA 29.9 - NA Yes
B-21-5 120.3 90 NA 46.6 2 NA Acoustic only

1 Well screens are 2-inch diameter PVC

In addition to drilling and testing, surface geophysics including seismic refraction and MASW
line surveys were completed by GEL Solutions. Geophysical surface investigations were carried
out to better understand the subsurface conditions at the proposed locations of the Upper
Reservoir 1/O structure, the Lower Reservoir I/O structure, the low-pressure gate shafts and
tunnels and the vertical water intake shafts.

3.1

All work related to the Bad Creek Il Geotechnical Investigation was performed on land owned by
Duke Energy. The Project site was accessed daily from HWY 130 and Bad Creek Road. Daily safety
and pre-job briefings were held each morning in Duke Energy’s gated warehouse area where S&ME
maintained a laydown area for equipment and supplies. All drilling and surface geophysical survey
locations were within fenced areas and accessed through Duke Energy gates. Keys and automatic
gate operators were provided to S&ME and HDR staff to facilitate efficient access and execution of
work. GEL Solutions was accompanied by HDR staff for gate access to geophysical survey line

Site Access and Restoration
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locations. One of the drilling locations (Boring B-21-4) did not require any road improvement or drill
pad construction. Boring B-21-2 required installation of a steel plate across the Bad Creek Road
ditch and application of gravel for a limited distance off Bad Creek Road to prevent rutting of the soil
due to daily support vehicle and water truck traffic. Borings B-21-1 and B-21-5 required some
grading and clearing on the existing gravel road adjacent to the Upper Reservoir to facilitate drill rig
set up and daily support vehicle and water truck access. Boring B-21-3 required construction of a
new road and drill pad to provide drill rig, water truck, and support vehicle access on the southeast
facing slope east of Bad Creek Road. Sumps to collect drill water and cuttings were constructed at
borings B-21-1, B-21-2, B-21-3, and B-21-5. Duke Energy staff completed all site access
improvements.

After completion of drilling, Duke Energy backfilled the sump areas and graded the ground surface.
S&ME’s subcontractor (Strickland, Inc.) completed drill site restoration including spreading and
grading of any ruts and drill cuttings and application of seeding and straw to restore grass cover over
the soil. Figure 1 shows the general site configuration.
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Figure 1. Bad Creek Il Geotechnical Investigation General Site Features Geotechnical Drilling
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Borings were advanced vertically using either a track-mounted Burley D50 or ATV CME 550. Drilling
through overburden/soil was accomplished using a 2 and 7/8-inch wash rotary bit with SPT at 5-ft
intervals. Upon refusal at top of rock, the borings were reamed using a 4 and 7/8-inch-diameter
wash rotary bit then HW casing installed into bedrock. Drilling in bedrock was achieved using HQ
triple tube wireline coring with advancement of HW casing using a tri-cone bit at the casing shoe
when needed to stabilize potentially unstable zones encountered during rock coring.

3.1.1 Standard Penetration Test (SPT) Sampling Method

Samples were collected from each borehole for purposes of geologic evaluation and geotechnical
testing. SPTs were performed in general accordance with ASTM International (formerly American
Society for Testing and Materials; ASTM) D1586-11, Test Method for Penetration Test and Split-
Barrel Sampling of Soils. An 18-inch-long, 2-inch-outside-diameter, 1.375-inch-inside-diameter, split-
spoon sampler was driven with an automatic 140-pound hammer, falling from a height of 30 inches.
The number of blows required to achieve each of three, 6-inch increments of sampler penetration
was recorded. The number of blows required to cause the last 12 inches of penetration is termed the
Standard Penetration Resistance (N-value). When penetration resistances exceeded 50 blows for

6 inches or less of penetration, the test was generally terminated and the number of blows, along
with the penetration distance, was recorded on the borehole log. All recovered SPT samples were
transported to S&ME for laboratory testing as described in Section 3.5. Thirty-three of the samples
recovered sufficient soil material for laboratory testing.

3.1.2 HQ-3 Triple-Tube Rock Coring

Rock core samples were obtained using a 5-ft-long, HQ-size, triple-tube core barrel. The triple-tube
core barrel consists of inner and outer barrels and a split inner core tube. The outer barrel rotates
while the inner barrel and inner split tube remain stationary. This system protects the core from the
drilling fluid and reduces the torsional forces transmitted to the core. In addition, the split inner tube
allows for detailed visual analysis of the relatively undisturbed core sample once it is extracted from
the borehole. Most core runs were 5 ft long, although runs as short as 0.3 ft were made to improve
recovery where low-rock-quality material was encountered. Cuttings were removed from the
borehole circulating water through the drill steel and casing. The water used for drilling was obtained
from the fire protection pond located in the former construction yard where Duke Energy has a
warehouse, office, and maintenance facilities.

The drilling performed throughout the geotechnical investigation was high quality. Core drilling in 5-ft
runs with an HQ triple barrel resulted in high recovery. There were few instances of core
damage/loss from the drilling. When bedrock was severely weathered, there were indications of
wash out and core loss. Careful extraction of the inner barrel using water pressure to push the inner
barrel allowed extraction of the core without mechanical disturbance. In some cases, HWT casing
was advanced into the bedrock to case through potentially unstable zones and prevent borehole
collapse.

Rock core was logged and placed into wooden core boxes. In each core box, rock core was
arranged in descending sequence beginning at the upper left end of the core box partition and
continuing in the other partitions from left to right. Each core run was separated from the preceding
run by blocks labeled with the depth. Each rock core box was photographed in the field after it was
completely filled and the box properly labeled. On completion of drilling, core boxes were delivered
by HDR personnel to the core shed located within the Duke Energy facilities area. Select core
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samples were designated for laboratory testing after a detailed core review. Rock core samples were
wrapped with pipe insulation and duct tape and shipped to the selected laboratory GeoTesting
Express of Acton, MA for the specified testing.

3.1.3 Water Pressure (Packer) Testing

Water pressure (WP) tests were performed in each borehole in bedrock to estimate in-situ hydraulic
conductivity (k). WP tests were performed after drilling to final depth using a double packer system
test apparatus, a water pump, and clean water obtained from the Duke Energy fire pond water
supply. The rock core was evaluated as it was recovered and later transported to the storage facility
where zones for WP testing were evaluated. Fractures in the bedrock were the main contributing
factor to rock mass hydraulic conductivity. For borehole intervals where there were few or no
fractures, the rock mass had an extremely low hydraulic conductivity (no water take at the maximum
test pressure).

The Longyear Wireline Packer Type Il system was used for packer testing at intervals specified by
HDR geologists in the field. The packer system used a double packer with the stem length between
packers at 5.5 ft. The HQ Wireline Packer has a deflated outer diameter of 2.13 inches (Gland) and
inflated outer diameter of 4.6-inches which provided for successful packer seal in the nominal 3.8-
inch HQ core hole. Packers were connected to a nitrogen gas source at the ground surface and
expanded once in place at the proper depth. The nitrogen tanks were provided by S&ME and had
readout pressure gauges mounted on the tank assembly lines. A Moyno™ pump bolted to the side
of the drill rig was used to inject water at pressures specified by HDR into the rock at the packer test
zone. A water flow meter and readout gauge were monitored by the HDR geologist to record the
water inflow and pressure. The water pressure remained relatively constant during the WP tests with
a few exceptions where test pressure could not be obtained in the test zone.

Testing was performed using the procedure outlined in the U.S. Bureau of Reclamation (1995)
manual, which is a variation of Houlsby’s (1976) method. As per of the USBR (1995) procedure
using a series of stages, the test pressure was stepped up to a maximum pressure, calculated
based on the estimated overburden pressure and the hydrostatic water level at the time of the
testing, and then stepped back up and down over five stages with the third stage being the
maximum. Houlsby’s (1976) interpretative procedure was used to characterize the type of flow in the
subsurface fractures. The pressure and flowmeter readings were taken at regular intervals and were
used in the calculation of the k value. Results of the WP testing are presented in Appendix C and
Table 5 and are discussed in Section 4.1.2.

3.2 Monitoring Wells

To monitor groundwater elevations, monitoring wells were installed in borings B-21-2 and B-21-3.
Two-inch-inner diameter PVC screen and two-inch inner diameter PVC riser was used to construct
the wells. Monitoring well construction details are presented in Appendix D.

3.3 Surface Geophysical Surveys

To investigate the subsurface conditions at the proposed locations of the Upper Reservoir /O
structure, the Lower Reservoir 1/O structure, the proposed low pressure headrace tunnels and gate
shafts, and the vertical water intake shafts area, seismic refraction and MASW line surveys were
carried out by GEL Solutions. Twenty-three transects totaling approximately 6,000 linear ft were
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surveyed. The objective of the surface geophysical investigations was to produce profiles along the
transects allowing the interpretation of the top of partially weathered rock (PWR) and top of
unweathered rock (UWR) in conjunction with the boring and downhole logging data. The work was
conducted from February 23, 2021, through March 5, 2021.

Prior to collecting seismic data, the transects were located with a Trimble 6 RTK/GPS and
vegetation was cleared using hand tools as needed. GEL Solutions utilized an existing LIDAR
topographic survey of the site to adjust the profiles for surface elevation variations.

Seismic refraction surveys were conducted using 10-hertz geophones spaced 10 ft apart and using
al6 pound sledgehammer striking a plate (energy source) space every 30 ft along the line. MASW
surveys were conducted using 10-hertz geophones spaced 10 ft apart with 16-pound sledgehammer
strikes at 10 ft spacing along the transect. GEL Solutions collected and processed data using
Seislmager software by Geometrics. Seismic refraction surveys provide two-dimensional V, profiles
and MASW surveys provide two-dimensional Vs profiles

The locations of the surface geophysical survey lines are presented on Project Drawings P-58, P-59,
and P-61 presented in Appendix A. The GEL Solutions surface geophysical survey report is included
in Appendix E.

3.4 Downhole Geophysical (Optical and Acoustic) Logging

Downhole optical and acoustic televiewer and three-arm caliper logs were completed by GEL
Solutions and used to log each boring as far as the probes were able to go. Each borehole was
flushed prior to downhole logging to provide the clearest possible borehole image. First, the optical
image televiewer was used for the entire boring and the results were examined. In portions of the
boring where water was present, an acoustic probe was used to survey the borehole in addition to
optical logging. For zones where water within the borehole became cloudy even after flushing, the
acoustic televiewer image was relied on to provide borehole information. Three-armed caliper
logging was completed in each boring to measure the borehole diameter and its variations that are
used to assess zones of poor recovery and specific features such as weathered zones observed in
the rock core.

During post-processing, the optical and acoustical images are unwrapped, analyzed, and displayed.
The displays show an image that simulates an intact core sample, which can be compared to the
extracted sample. These images were analyzed for foliation, natural fractures and joints, fracture
openness or width, and shear zones and provide orientation (dip and dip direction) of each feature.
When compared with the actual core samples obtained from the boreholes, intervals of core loss
and where core damage occurred were identified and the downhole images used to update
information missing from the core logs. The GEL Solutions downhole geophysical report is
presented in Appendix V.

3.5 Laboratory Testing

Soil and rock sample selection for testing was carried out by HDR from June 28 through July 2,
2021.
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3.5.1  Soil Testing

Soil samples from SPT sampling were stored in sample jars and labelled at the time of drilling for
laboratory testing and subsequently shipped to S&ME for testing (see Appendix G). Of the 43 SPT'’s
completed, 33 of the soil samples recovered enough material for laboratory analysis to characterize
the properties for the residual soil bedrock overburden and the soil portion of the landslide deposit at
the Lower Reservoir I/O. In addition, one sample of soil material from rock core (RC-1) was obtained
in B-21-4 and shipped to S&ME for testing. The laboratory testing summary for all soil samples is
shown in Table 2 and the results are discussed in Section 5.1.

Table 2. Soil Sample Laboratory Testing

Laboratory Test Method Name ASTM Test Designation Number of Tests

Gradation without

Hydrometer D6913 34
S&ME, Greenville, SC Atterberg Limits D4318 34
Natural Moisture 34
ASTM: American Society for Testing and Materials
3.5.2 Rock Testing

Rock core samples were selected to characterize the splitting tensile strength, unconfined
compressive strength (UCS), and intact rock modulus of the major lithologies of the TGn discussed
in Section 2. The rock core samples were selected at the time of detailed core review after
completion of the drilling program, packaged to prevent breakage, and shipped to GeoTesting
Express for testing (see Appendix H).

The laboratory testing summary for rock samples is shown in Table 3 and the results are discussed
in Section 5.2.

Table 3. Rock Core Laboratory Testing

Laboratory Test Method Name ASTM Test Designation Number of Tests
. Unconfined Compression
Geotesting Strength with Modulus D7012-D 15
Express, Acton, Unconfined Compression
MA Strengthp D7012-C 20
Splitting Tensile Strength ASTM D3967 20

4 Field Investigation Results

4.1 Subsurface Data Evaluation Process

Site investigation data was derived from several different methods (e.g., borehole drilling, downhole
geophysical logging, surface geophysical surveys, WP testing, laboratory testing, engineering
evaluation). All exploration methods and associated data may not have been obtained in some or all
portions of each boring (for example, packer tests were performed at selected intervals based on
review of the rock core).

Boring logs present data from each borehole (with the exception of downhole geophysical data that

September 1, 2022 | 9



Bad Creek Il Power Complex Feasibility Study
Volume 8: Geotechnical Studies

is presented in Appendix F). The borehole depth is the first column on the left side of the log. The
next column to the right provides the sample type and number including soil or rock core. The
sample type is either an SPT as described in Section 3.1.1 or rock core run as described in Section
3.1.2. The next column to the right provides the number of blow counts in the SPT sampling process
followed by the number of inches of soil recovery in the SPT sampler. The following columns provide
rock core recovery and RQD. The material descriptions in each log represent a standardized field
method of describing soil and rock developed by an HDR Senior Engineering Geologist based on a
synthesis of published logging procedures. Material descriptions provide detailed information about
the soil and/or rock unit encountered and contains information on soil/rock type, grain size, color,
strength, weathering, plasticity (soil), and fracture spacing. Material descriptions are important for
gaining an overall understanding of the rock or soil. Additional details such as drilling methods and
conditions, casing depth, laboratory test results, WP test intervals, water level measurements, loss
drilling fluid circulation, and any other pertinent information are detailed in the “Remarks” column on
the right of the boring log sheets.

Rock cores were placed in core boxes, described in the field, then photographed and transported to
the Duke Energy warehouse for storage, final core logging and subsequent review, and laboratory
testing sample selection.

4.1.1  Standard Penetration Test, Recovery, and Rock-Quality
Designation

As described in Section 3.1.1, SPT was performed within the overburden soils and the resulting N-
values in blows/foot reported in parentheses on the boring logs. Fifty or more blows per 6 inches
was considered refusal. This is represented with a notation showing the penetration in inches after
50 blows on the logs. For example, 50/2", is read as 50 blows for 2 inches of split-spoon penetration.

At the soil rock interface, the data collection method transitioned from SPT to rock coring where
recovery and RQD were measured for each core run. Recovery represents the portion (reported as
a percent) of the total core run length (typically 5 ft) that remains in the triple tube barrel when
extracted from the boring. High recovery is desirable for understanding and interpreting the bedrock.
Most of the core runs resulted in 100 percent recovery and recoveries less than 90 percent were
limited to the upper 15 ft of rock when severely weathered rock with very close joint spacing was
encountered in Boring B-21-1 and B-21-3. RQD is an approximate measure of rock quality and the
jointing or fracturing of the rock mass. RQD is defined as the percentage of the length of intact core
pieces longer than 100 millimeters (4 inches) divided by total length of the core run.

Based on the borings completed for this Phase 1l Geotechnical Study RQD increases with depth.
Some exceptions across the site emerge when the RQD data is parsed into depth intervals and
location as shown in Table 4. Boring B-21-1, B-21-3, and B-21-4 all have lower RQD values in the
upper 50 ft indicating a more fractured and weathered rock mass. Boring B-21-2 and B-21-5 do not
show the same trend. In addition, the RQD value of 56 percent in Boring B-21-3 occurs at a
weathered shear zone at depth of 266.2 to 269.2 ft. There are borings from previous investigations
near the proposed water conveyance alignment that are not included in this general assessment of
RQD.
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Table 4. RQD Variations in the Borings

. Depth Interval Below - .
Borings Refusal (ft) Minimum Average Maximum

37.5-87.5 42 85.8 100
B-21-1 87.5-137.5 80 96.2 100
137.5-250.8 98 99.9 100
61.5-111.5 86 94.3 100
B-21-2 111.5-161.5 83 91.7 100
161.5-300.8 77 96.4 100
20.5-70.5 0 77.4 100
B-21-3 70.5-120.5 96 99.6 100
120.5-500.4 56 99.2 100
90.5-140.5 52 79.7 92

B-21-4
140.7-151.0 70 85 100
59.2-109.2 91 99.1 100

B-21-5
109.2-120.3 100 100 100

4.1.2 Water Pressure Test Results

WP tests were performed in the borings after drilling was completed to evaluate the in-situ hydraulic
conductivity as described in Section 3.1.3. WP tests were performed at selected intervals designated
by HDR based on the anticipated potential for fractures or fracture systems to conduct water. The
data from the WP testing were entered into a spreadsheet for processing and analysis. These
spreadsheets are included with this report in Appendix C.

o Twenty-five WP tests were performed. Seven were performed in Boring B-21-1, eleven in
Boring B-21-2, seven in Boring B-21-3, and two in Boring B-21-5.

Table 5 shows the results of all WP tests with the red text highlighting values that may be caused by
leakage of the packer system for four tests in Boring B-21-2. The similarity of these values at 1.3 to
2.7E-06 centimeters/second (cm/sec) raised suspicion of a system leak. In three tests, pressure
could not be built due to high permeability zones. These zones were:

e B-21-1:45.2t0 50.7 ft. (8.3 ft below auger refusal). Bypass of upper packer due to fractured
rock. Core logged as having moderate to severe weathering, close to very close joint
spacing, and two open joints.

e B-21-3:265.0 to 270.5 ft. Weathered shear zone from 266.2 to 269.2 ft.

e B-21-3: 75.0to 80.5 ft (54.3 ft below auger refusal). Open joints at 79.2 and 79.3 ft with iron
staining. One test in Boring B-21-3 from 68.5 to 74.0 ft (47.8 ft below auger refusal) had an
open iron-stained fracture logged at 69.5 ft and resulted in K=1.1E-04 cm/sec.

Five tests resulted in no measured water take at injection pressures of 60 to 70 pounds per square
inch (psi). These zones were selected for WP due to the presence of at least one fracture. These
zones were:

e B-21-3:286.1t0 291.6 ft (70 psi)
e B-21-3:250.0 to 255.5 ft (70 psi)
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e B-21-3:244.5to 250.0 ft (70 psi)
e B-21-3:92.0to 97.5 ft (70 psi)
e B-21-5:67.5t0 73.0 ft (60 psi)

The remaining thirteen WP tests resulted in k values ranging from 5.7E-06 to 9.3E-05 cm/sec. The
tests resulting in values higher than the 5.7E-06 to 9.3E-05 cm/sec range occurred at depths less
than 55 ft below refusal (interpreted as TWR) with the exception of the shear zone encountered in
Boring B-21-3 at a depth range of 266.2 to 269.2 ft below ground surface. The WP test data show
that rock mass permeability is highest within an upper weathered zone generally within 50 ft below
TWR and along a weathered shear zone at greater depths. Outside of these upper weathered and
the weathered shear zone, the rock mass permeability is within the range of k 5.7E-06 to 9.3E-05
cm/sec due to fracture flow. Unfractured rock has no measurable permeability within the parameters
of the water pressure injection test procedures.
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FR

Top of Borehole " Depth of LTS Hydra_ul_ic oL .
Borehole | Test No. : Depth (ft) Elevation (ft) Level Conductivity, k Remarks - Test Interval Description Test Interpretation
(Elevation - Feet) Hole (ft)
(ft) (cm/sec)
GRANITIC GNEISS, very hard, medium- to coarse-grained, Laminar flow. Decrease in flow with step-down pressures
Test 1 2320.5 91.4 96.9 2229.1 |to | 2223.6 250.8 22.4 2.4E-05 fractures close to moderately close, very slight weathering to . S . p-down p
to fresh likely due to infilling/clogging of fractures during the test.
GRANITIC GNEISS, very hard, medium- to coarse-grained, Laminar flow. Decrease in flow with step-down pressures
Test 2 2320.5 75.2 to 80.7 22453 | to | 2239.8 250.8 25.6 7.3E-05 fractures close to moderately close, very slight weathering to likelv d ; fillina/cloaai £ P duri ph
fresh. ikely due to infilling/clogging of fractures during the test.
GRANITIC GNEISS, very hard, medium- to coarse-grained, Laminar flow in low permeability zone. Some removal of
B-21-1 Test 3 2320.5 60.2 to 65.7 2260.3 | to | 2254.8 250.8 25.6 5.4E-05 fractures close to moderately close, very slight weathering to material in the fractures shown by the increase in flow
fresh. rate during the step-down pressures.
GRANTIC GNEISS, very hard, medium- to coarse-grained, High permeability zone - Not able to build pressure due
Test 4 2320.5 45.2 to 50.7 2275.3 | to | 2269.8 250.8 25.6 _ fractures close to moderately close, slight to very slight to leakage around the upper packer at maximum pump
weathering. capacity. k in 10" to 102 cm/sec range.
GRANITIC GNEISS, very hard, medium- to coarse-grained,
Test5 2320.5 39.9 to 454 2280.6 |to | 2275.1 250.8 25.6 3.1E-05 fractures close to moderately close, slight to very slight Laminar flow in low permeability rock fracture zone.
weathering.
GRANITIC GNEISS, very hard, medium- to coarse-grained, g(rei?ggggyir:mg?rwézgmte -vvl\i/t“hmT:;leik:nV(\j”iihmaen overall
Test1 2283.1 1875 | to | 193.0 2095.6 |to | 2090.1 300.8 36.4 9.2E-06 moderate weathering to fresh, fractures tight to open at 10-to- | .~~~ .~ . P Y P
S L indicating incomplete blockage of fractures by
45-degree dips, iron-staining present. )
transported material.
GRANITIC GNEISS, very hard, medium- to coarse-grained, Low permeability with some washing out of material from
Test 2 2283.1 1795 | to | 185.0 2103.6 |to | 2098.1 300.8 31.9 6.5E-05 fresh joints, tight to open, 180.0' to 181.2" - highly fractured, the fractures increasing the permeability over Steps 4
Mn- and iron-staining present. and 5.
GRANITIC GNEISS, very hard, medium- to coarse-grained, Flow is laminar without removal of material or on clean
Test 3 2283.1 167.0 | to | 1725 2116.1 |to | 2110.6 300.8 33.2 6.4E-05 moderately severe weathering, very close joints (168.5-169.3' . :
. - . g fractures, discharge proportional to pressure head.
- highly fractured), tight to open, iron-staining.
GRANITIC GNEISS, very hard, medium- to coarse-grained, Laminar flow, low permeability with some washing out of
Test 4 2283.1 1615 | to | 167.0 21216 |to | 2116.1 300.8 26.4 2.8E-05 fresh, hornblende augen, tight fractures at 20-to-50-degree material from the fractures increasing the permeability
dips, minor iron-staining. during the duration of the test.
Test 5a 2283.1 1665 | to | 172.0 21166 |to | 21111 3008 20.5 8.7E-05 GRANITIC.G.NEIS.S, hard, moderately severe Weqtherlng, Laminar flow with low permeability and slight washing out
very close joints, tight to open, with some iron-staining. of fractures.
Low permeability zone; irregular flow that did not stabilize
—_— rai during pressure stages of the test. Estimated
Test5 2283.1 1234 |to| 1289 | 21597 |to| 21542 | 300.8 38.8 2.7E-06 GRANITIC GNEISS, very hard, medium- to coarse-grained, | o moqiiing k = 2.7E-06 cm/sec. Estimated value is
unweathered, and unfractured. - ) .
questionable; could be due to leakage in the system and
B-21-2 not water intake into rock fractures.
First run of test leakage around upper packer at 95 psi at
start of Stage 3. Second run = Low permeability zone;
—_— rai irregular flow that did not stabilize during pressure stages
Test 6 2283.1 1155 | to | 121.0 2167.6 |to | 2162.1 300.8 33.1 1.5E-06 ﬁ;’?‘NITIC GNEISS, very hard, medium- to coarse-grained, of the test. Estimated permeability k = 1.5E-06/ cm/sec.

) Estimated value is questionable; could be due to leakage
in the packer system and not water intake into rock
fractures.

Low permeability zone; irregular flow that did not stabilize
. during pressure stages of the test. Estimated
Test 7 2283.1 995 |to| 1050 | 21836 |to| 21781 | 300.8 37.7 1.7E-06 GRANITIC GNEISS, soft, moderate weathering, close to very | oo apilin k = 1,7E-06 cmisec Estimated value is
close iron-stained joints, highly fractured zone. ; . X
guestionable; could be due to leakage in the packer
system and not water intake into rock fractures.
Water flow back up drill steel when reducing pressure
from Stage 3 to 4 and Stage 4 to 5. Water table at end of
. . test at 16.90 feet indicating leakage above the upper
Test8 2283.1 855 |to| 91.0 | 21976 |to| 21921 | 300.8 26.5 1.2E-04 GRANITIC GNEISS, light gray, hard, thickly banded, very packer. Estimated permeability, k = 1.2E-04 cm/sec, is
slight weathering, single open joint with iron-staining. .
suspect and questionable because of water backflow and
upper packer leakage; could be due to leakage in the
packer system and not water intake into rock fractures.
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Water Hydraulic
Borehole | Test No. 1oy of_BorehoIe Depth (ft) Elevation (ft) D @ Level Conductivity, k Remarks - Test Interval Description Test Interpretation
(Elevation - Feet) Hole (ft)
(ft) (cm/sec)
GRANITIC GNEISS, medium- to coarse-grained, thinly to
Test 9 22831 705 to 76.0 22126 |to| 22071 3008 213 1 2E-05 thicklly bano]ed with thin quartz bgnds, joints spaced_clc_)se, Relatively low permeability, laminar flow with minor
72.2'-74.4' - 10- to 30-degree dip, close to open foliation washing out of material from fractures.
joints, iron-staining.
(iRﬁlNIg’ICdGISIEI_SS,hmedium- tt()) C(()jarse-gdrainedl, thinlyﬁo q Relatively low permeability, laminar flow with deceasing
Test 10 2283.1 64.5 to 70.0 2218.6 |to | 22131 300.8 34.6 3.8E-05 t \cily bande with thin quar.tz. anas, mo erately weat ered, permeability due to incomplete blocking of fractures be
joints spaced close, open foliation joints 10- to 40-degree dips, )
d - transported materials.
iron-staining.
GRANITIC GNEISS, very hard, medium- to coarse-grained,
Test1 2230.1 286.1 | to | 291.6 19440 |to | 19385 500.4 149.0 - fresh (rock), fractures, iron- and Feldspar staining present, No take at 70 psi.
288.7' to 289.9', fault zone 50° to 70° dip.
GRANITIC GNEISS, moderately hard to hard, moderate to Pumped ~200 gallons at 26 gpm; interval did not build
Test 2 2230.1 265.0 | to | 2705 1965.1 | to | 1959.6 500.4 149.0 - slight weathering, shear zone from 265.4' to 269.2' consisting pressure; high permeability related to the shear zone that
of numerous low angle open fractures with iron-staining. crosses the test interval.
QUARTZ FELDSPAR GNEISS, very hard, medium- to very
coarse-grained, very hard; at 253.4' contact with GRANITIC
GNEISS hard to very hard, fine- to coarse-grained, slight .
Test 3 2230.1 250.0 to 255.5 1980.1 | to 1974.6 500.4 149.0 - weathering to fresh, fractures at 21.2", 30° dip, chlorite No take at 70 psi.
mineralization, 254.0', 30° dip, partially open, 254.0' 30° dip,
iron-staining, trace clay.
B-21-3 GRANITIC GNEISS, very hard, fine-grained, thinly to thickly
laminated, at 249.2' contact with QUARTZ FELDSPAR
Test 4 2230.1 2445 | to | 250.0 1985.6 | to | 1980.1 500.4 144.4 - GNEISS, very hard, medium- to very coarse-grained, fractures | No take at 70 psi.
at 248.3', 60° dip, tight, chlorite mineralization, 278.2", 20° dip,
tight, chlorite mineralization.
GRANITIC GNEISS, very hard, medium-grained, thinly to
Test5 2230.1 92.0 to 97.5 2138.1 |to | 2132.6 500.4 145.6 - thickly laminated, fresh weathering, open fracture at 94.8', 15° | No take at 70 psi.
dip.
GRANITIC GNEISS, very hard, medium-grained, foliated, Flow rate at 24.5 gpm at 5 psi. Flow too high for a
Test 6 2230.1 75.0 to 80.5 2155.1 |to | 2149.6 500.4 155.7 - thinly to thickly laminated, fresh weathering, open fractures at complete test High permeability zone
79.2' - 20° dip; 79.3' - 30° dip. ) )
GRANITIC GNEISS, very hard, medium-grained, very slight Flow is laminar without removal of material or on clean
Test7 2230.1 68.5 to 74.0 2161.6 | to 2156.1 500.4 150.2 1.1E-04 weathering to fresh, fractures at 69.5', 25° dip, tight, minor f . .
; L , PR ractures, discharge proportional to pressure head.
iron-staining, 72.9', 20° dip, biotite (?).
Test 1 2314.0 675 |to| 730 | 22465 |to| 22410 | 120.3 21.4 - S‘t;ﬁmg'c GNEISS, with fractures along foliation, slightiron- |\ e at 60 psi.
B-21.5 _ o _ _ Lovy permeability zone: irregular flow that did not stabilize
Test 2 2314.0 625 to 6.0 29515 |to| 2246.0 1203 16.3 5 5E-06 _GRANITIF: GNEISS, with fractures along foliation with minor during pr_e_ssur? stages of the test. Estimated
iron-staining. permeability k = 5.7E-06 cm/sec (Stage 5 pressure
excluded due to no take).
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4.1.3 Downhole Optical and Acoustic Televiewer Data

Optical televiewer logging was performed below any installed casing and acoustic televiewer
logging was performed below the water level in the borings at the time of logging as described
in Section 3.5.

The results of the televiewer data are presented in Appendix F and include:

e Unwrapped Televiewer Image: The walls of the boreholes unwrapped to a flat surface.
The 360-degree unwrapped image begins with the zero degree representing magnetic
north (azimuth).

e Structure: Discontinuity structure data is presented as dip direction, dip, and structure
type on a tadpole plot. The dip direction is indicated by the orientation of the tick on each
tadpole with up being 0/360 degrees. The dip is indicated by the x-axis location on the
graphic column ranging from 0 (horizontal) to 90 (vertical) degrees.

e Stereonet Plots: Rose diagram plots developed by GEL Solutions and lower hemisphere
stereonet plots developed by HDR (Appendix 1) present the sources of identification of
foliation and prominent joint/fracture sets.

The televiewer data were analyzed to identify rock type, joint structure, and other defects and
characteristics that may influence hydraulic conductivity, excavation methods, stability, and
treatment/stabilization requirements. Rock structure types identified from the televiewer data are
presented in Table 6.

Table 6. Rock Structure Types

Designation Rock Structure Type
S-F Fracture/Joint Along Foliation
F Joint
S Foliation
Sh-F Shear Plane
Flt Fault Plane

Review of the televiewer data and other structural characteristics indicated a limited range of
discontinuity orientations throughout the site subsurface. Foliation generally dips to the southeast
with dip ranging from 19 degrees in Boring B-21-4 at the proposed Lower Reservoir I/O location to
36 degrees at the proposed Upper Reservoir I/O structure. Table 7 presents the statistical maximum
of foliation at each boring location based on stereonet plots of the downhole data utilizing DIPS
Version 8.008 software. The downhole data used was generated by GEL Solutions through
downhole televiewer analysis wherein foliation was identified and measured approximately every 10
ft for each borehole. The stereonets for each boring presenting foliation and joint sets based on the
downhole structural data as interpreted by HDR are presented in Appendix | Downhole Data
Stereonets.
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Table 7. Foliation Orientations

Boring Orientation
B-21-1 N34E, 36SE
B-21-2 N43E, 28SE
B-21-3 N27E, 23SE
B-21-4 N43E, 19SE
B-21-5 N40E,35SE

Most joints observed in the downhole televiewer data are joints along foliation. One additional
discontinuity set strikes generally N70E and dips 60 to 65 degrees to the NW. An additional
discontinuity set strikes N76E and dips 35 degrees to the NW. Table 8 presents the discontinuity
sets identified in each boring from the downhole optical and acoustic televiewer data. The set
number corresponds to the set identified on the stereonets presented in Appendix |.

Table 8. Major Discontinuity Fracture Sets

Boring Set Number?! Orientation Discontinuity type
B-21-1 im N36E;17SE Foliation Joint (S-F)?
B-21-1 2m N45E; 5NW Joint (F)
B-21-2 im N48E; 25SE Foliation Joint (S-F)
B-21-2 2m N69E; 63NW Fault/Joint (FIt & F)
B-21-2 3m N76E; 35NW Joint (F)
B-21-3 im N46E; 21SE Foliation Joint (S-F)
B-21-4 im N28E;11SE Foliation Joint (S-F)
B-21-5 im N60E; 30SE Foliation Joint (S-F)
B-21-5 2m N71E; 65NW Foliation Joint

1. From Stereonets in Appendix .
2. Abbreviation for Rock Structures used on the Stereonets in Appendix I.

A number of specific discontinuities comprised of faults and shear zones were identified during rock
core inspection and then compared to the optical and acoustic televiewer logs. Some but not all of
the faults and shear zones were discernible in the optical and acoustic logs. Table 9 presents the
boring in which each feature was observed, the depth, strike, dip, and description. The shear zones
are parallel to foliation/banding in the TGn consistent with previous observations and geologic
mapping (Schaeffer 2016). Faults generally dip 55 to 70 degrees to the northwest.

Table 9. Shear Zones and Fault Features

Blc\)l[qugb/gft Strike Dip Description BDc?Petll‘?oiIr:a
N78E; 56NW Flt 167.6
N72E 54NW Flt 168.2
N68E 62NW Flt 168.5
B.21-2 N67E 60NW Flt 168.6
N67E 63NW Flt 180.4
N88W 66S Flt 180.5
N65E 62NW Flt 180.6
N66E 65NW Flt 180.8
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Bl(\)lﬂ:]ngb/sret Strike Dip Description BD(?rPetlToilr;

NG68E 61NW Flt 214.5

N45E 24SE Sh-F 253.0

N47E 28SE Sh-F 253.0

NG69E 27SE Sh-F 253.1

NG66E 28SE Sh-F 253.1

N62E 26SE Sh-F 253.2

N59E 27SE Sh-F 253.3

N60E 32SE Sh-F 253.3

N77W 28SSE Sh-F 253.7

B.21.3 N64E 30SE Sh-F 254.0
N 11E Sh-F 265.2

N49E 16SE Sh-F 266.4

N15W 10ENE Sh-F 266.5

N22E 31SE Sh-F 266.7

N31E 32SE Sh-F 266.8

N59E 28SE Sh-F 267.1

NG65E 21SE Sh-F 267.2

N66E 70NW Flt 287.8

N64E 62NW Flt 287.9

4.1.4  Surface Geophysical Refraction and MASW Results

GEL Solutions collected seismic refraction and MASW data along 23 transects that varied in length
from 31 to 602 ft each (see Table 10). The total length of transects completed along ground surface
is 6,078 ft. Site conditions dictated that the transect locations varied somewhat from the planned
locations. Three sections of the initially proposed transects were excluded due to areas of steep
terrain that were not safely accessible and that presented technical challenges related to the
reliability of data collection on steep slopes. Sections between U2A and U2B, L5A and L6A, and L9A
and L9B were eliminated due to these limitations. Drawings P-58, P-59, and P-61 in Appendix A
present the locations of the geophysical lines.
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Table 10. Surface Geophysics Line Transects

Transect Length (ft)
Ulto U2 270
U2 to U2A 280
U2A to U2B 109
U2B to U3 141
U4 to U4A 140
U4A to U4B 207
U4B to U5 161
U6 to U7 499
U8 to U9 400
Ul10 to U11 400
Ul2to U13 602
Ul4 to U15 400
LltoL2 453
L3 to L4 280
L5 to L5A 89
L5A to L6A 462
L6Ato L6 462
L7 to L8 233
L8 to L9B 205
L9B to L9A 31
L9A to L9 161
L10to L11 170
L12 to L13 270

The purpose of conducting the seismic refraction and MASW surveys is to develop reasonably
accurate profiles of PWR and UWR that can be used by HDR in estimates of excavation
requirements for the proposed Upper and Lower Reservoir I/O works and gate and vertical intake
shafts yards. GEL Solutions used both the seismic refraction and MASW data to interpret top of
PWR and top of UWR that are presented as dashed pink lines for PWR and dashed cyan lines for
UWR on the seismic refraction and MASW profiles presented in Appendix F. Borings from the
previous investigations for the Bad Creek 1 construction were provided to GEL Solutions to assist
with calibration of interpretations with available drilling data. GEL Solutions interpretations of the
PWR and UWR were reviewed and revised by HDR prior to developing preliminary excavation
objectives. Using borehole data and knowledge of the characteristics of the granitic gneisses at the
site (including V, and Vs values in partially and un-weathered TGn) gained from previous site
investigations that include drilling, surface geologic mapping, detailed mapping of the existing Bad
Creek subsurface structures, and current geologic mapping of a landslide at the Lower Reservoir
I/0. HDR reinterpreted the seismic data and those interpretations are discussed in Volume 7 —
Appendix D.
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4.1.5 Monitoring Wells

Table 11 lists the borings and monitoring well screened interval depths and measured static water
level. The water levels reported in Table 11 were measured on June 26, 2021. Drilling was
completed in Boring B-21-2 on May 13, 2021, and water pressure tests were completed on May 20,
2021. Drilling was completed on May 12, 2021, in Boring B-21-3 and water pressure tests completed
on May 20, 2021. Due to the duration of time (36 days) between the completion of water pressure
tests and the final water level measurement, the water levels reported in Table 11 are considered
representative of static water levels free of the influence from drilling and water pressure testing.
Boring B-21-3 was bailed on June 14, 2021, and the water levels measured before and after bailing
of 75.3 ft and 75.5 ft indicate rapid recovery and that a reliable static water level has been measured.

Table 11. Monitoring Wells and Groundwater Levels

Borehole Elevation Screened Interval Screened Interval Depth of Water Level
Depth (ft) Elevation (ft) Water (ft) Elevation (ft)
B-21-2 2283.1 20.0 to 50.0 2263.11t0 2233.1 33.0 2250.1
B-21-3 2230.1 26 to 91 2204.1t02139.1 75.5 2154.6

4.2 Borehole Discussion

The drilling program consisted of five borings as shown on the Project Drawings in Appendix A. A
brief discussion of the main findings from each boring is presented below.

42.1 Individual Boreholes

B-21-1: Boring B-21-1 was drilled at elevation 2320.5 ft above mean sea level to a depth of 250.8 ft
below ground surface. Overburden consisted of silty gravel (fill) and residual soil/saprolite derived
from the bedrock. SPT values ranged from 50/4” to 50/1”. Alternating soft and hard layers were
encountered during drilling to refusal. Drilling, SPT, and HW casing was continued with the casing
advanced to 37.5 ft. HQ coring began at 37.5 ft in slightly weathered, hard granitic gneiss. Joint
spacing ranged from close to moderately close with limited zones of very close joint spacing to
approximate depth of 109 ft. From 109 ft to the bottom of the boring at 250.8 ft, joint spacing was
very wide and weathering fresh to slightly weathered. During drilling operations water level
measurements in the open borehole ranged from 22.4 to 25.6 ft below ground surface. After drilling
was complete and immediately prior to water pressure testing, groundwater was measured at 36 ft
below ground surface. Significant intervals/features observed included:

e 46.8-47.5 ft: Moderately severe weathering and very close joint spacing; core loss 47.0-47.5
ft, could not build pressure during water pressure test from 45.2 to 50.7 ft.

e 78.9-79.1 ft: Fault healed with chlorite with 2-cm displacement.
e 184.6 ft: Fault zone with brecciation; calcite and chlorite healing. NE strike; NW dip.

e 201.8-202.3 ft.: Fault zone with brecciation; calcite and chlorite healing. NE strike; 70° NW
dip.

B-21-2: Boring B-21-2 was drilled at elevation 2,283.1 ft above mean sea level to a depth of 300.8 ft
below ground surface. Overburden consisted of 7.5 ft of silty gravel with cobbles and boulders (fill

September 1, 2022 | 19



Bad Creek Il Power Complex Feasibility Study
Volume 8: Geotechnical Studies

material) and sandy silt and silty sand saprolite derived from bedrock to 57.0 ft then sandy gravel
with silt (PWR) to 61.8 ft. SPT N-values ranged from 5 to 50/5". HW casing was advanced to 61.4 ft
and HQ coring began at 61.8 ft in moderately weathered, hard granitic gneiss to 66.5 ft then slightly
weathered to fresh gneiss with limited zones of moderate weathering to the bottom of the borehole.
Joint spacing ranged from close to very close to 66.5 ft then moderately close to close to 75.8 ft.
From 75.8 ft to 250.8 ft, joint spacing was wide to very wide with limited zones of close joint spacing.
After drilling was complete the water level in the borehole was measured at 34.7 ft below ground
surface on April 19, 2021. Significant intervals/features observed included:

e 167.2 ft: Fault zone dipping 30 degrees, with brecciated quartz and feldspar in chlorite
matrix.

e 215.3-215.8 ft: Fault zone with brecciation; calcite and chlorite healing; dipping 60 degrees.

e 293.9-294.5 ft: Fault zone, 75-degree dip, chlorite and calcite on fault planes, trace pyrite, 1-
6 cm displacement, NE strike/NW dip.

B-21-3: Boring B-21-3 was drilled at elevation 2,230.1 ft above mean sea level to a depth of 500.4 ft
below ground surface. Overburden consisted of micaceous clayey sand at the ground surface then
silty sand and sand with trace gravel (saprolite) to 20.5 ft. SPT N-values ranged from 6 to 50/0” at
refusal at 20.5 ft. HW casing was advanced to 20.5 ft. and HQ coring began at 20.5 ft in moderately
to slightly weathered, moderately hard to hard granitic gneiss with zones of severe weathering and
close to moderately close joint spacing. At a depth of 45.4 ft, there was a change to slightly
weathered rock and joint spacing to wide with limited zones of close joint spacing and increased
weathering. From 80.5 to 265.4 ft, drilling encountered fresh gneiss with wide to very wide joint
spacing. A shear zone was encountered from 266.2-269.2 ft. From a depth of 270 ft. to the bottom of
the boring at depth of 500.4 ft, bedrock was slightly weathered to fresh with wide to very wide joint
spacing and limited zones of close joint spacing. During drilling on April 29, 2021, water level in the
borehole was measured at 56.3 ft below ground surface. On May 11, 2021, water level was
measured at 146.6 ft below ground surface. The significant drop in water elevation is related to the
shear zone at 266.2 ft where drill water circulation was lost. Significant intervals/features observed in
Boring B-21-3 included:

e 41.0 ft: Complete loss of drilling water.
e 61.4-61.5 ft: Very severely weathered, saprolitic material.

e 75.0-80.5 ft: Maximum pumping rate during a water pressure test could not build pressure;
20-degree dipping open joint with iron staining at 79.2 ft; likely cause of high flow.

e 253.8-254.1 ft: Shear zone dipping 30 degrees along foliation. Iron staining on shear plane
with clay and sand infilling.

e 266.3-269.3 ft: Zone of sheared weathered rock; 100% loss of drill water; could not build
pressure in water pressure test.

e 288.7-289.2 ft: Fault Zone, 50-degree dip, open, slickensides indicated oblique slip
movement, iron staining, chlorite, clay infilling, NE strike/NW dip.

e 289.6-289.9 ft: Fault plane, 70-degree dip, open, slickensides indicate oblique slip
movement, iron staining, clay infilling, NE strike/NW dip.
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B-21-4: Boring B-21-4 was drilled at elevation 1,119.4 ft above mean sea level to a depth of 151.0 ft
below ground surface. Overburden extended to a depth of 90.7 ft and consisted of large blocks of
banded augen granitic gneiss (15 to 17-ft diameter) in a soil matrix of silty sand and clayey sand.
Overburden is interpreted as landslide material. HW casing was advanced to 90.7 ft. HQ coring
began at 90.7 ft in moderately to moderately to severely weathered banded augen granitic gneiss
with closely to moderately closely spaced jointing and iron staining observed on most of the joints to
a depth of 141 ft, then a reduction in iron staining from a depth of 141 ft to the boring termination
depth of 151 ft. Significant intervals/features observed in Boring B-21-4 included.

¢ A zone of hard, sheared, mylonitic rock was observed from 126.1 ft to 126.9 ft below ground
surface.

B-21-5: Boring B-21-5 was drilled at elevation 2,314.0 ft above mean sea level to a depth of 120.3 ft
below ground surface. This boring was added to the original scope to investigate an anomalously
low area in top of (PWR) and top of firm rock (TFR) along seismic line U4A-U4B and to investigate
the presence, depth, orientation, and characteristics of a shear zone mapped immediately to the
west in the Upper Reservoir. Overburden extended to a depth of 59.2 ft and consisted of silty sand
(saprolite) with zones of PWR as defined by SPT blow counts of 50/0” to 50/3". HW casing was
advanced to 59.2 ft and HQ coring began at a depth of 59.2 ft and advanced to a final depth of 120.3
ft. Bedrock consisted of granitic gneiss with 0.4 to 0.6-ft thick zones of quartz-feldspar gneiss. The
shear zone mapped in the Upper Reservoir to the west was not identified in the rock core during
drilling. Based on possible variability in the dip and dip direction of the shear zone, it may have been
drilled through in the saprolite or may be deeper than the boring termination depth.

5 Laboratory Testing Results

5.1 Soil Testing Results

As described in Section 3.5.1, index soil testing was performed at S&ME laboratories. Samples were
placed in jars (labeled at the time of SPT sampling), boxed up, and shipped to the S&ME laboratory.

5.1.1 Laboratory Soil Testing

Within each of the five boreholes, 33 soil samples were taken from the SPT split-spoon during
drilling of the five borings in the overburden materials that contained enough material for laboratory
testing. In addition, one soil/saprolite sample from rock core (RC-1) in B-21-4 retrieved enough
material for testing. The sample depths range from O to 60.7 ft across the five borings. The soil is
predominantly silty sand with poorly-graded sand with silt and well-graded sand with silt in the upper
0 to 5 ft. The natural moisture content across the site where the borings were conducted ranges from
2.1 to 26.4 percent. The percent fines of the samples range from 1.4 to 46.8 percent. The soil is
predominately non-plastic with the exception of ten samples that exhibited minor plasticity. The
ranges for the Atterberg Limits for the plastic samples are as follows: The liquid limit range is from 27
to 33 percent and the plasticity index range is from 1 to 11 percent. A summary of soil sample results
is included in Table 12 and complete laboratory test results are in Appendix G.
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Table 12. Soil Sample Laboratory Test Results

Borehole Sa“;ple Sgg;[;):]e Sl;lsm%%l SPT (N) MN(?itsutLé:le Pﬁmir t Py e
(%) #200 LL (%) Pl (%)

SS-1 0.3 SP-SM 81 3.0 10.0 NP NP

B-21-1 SS-2 3.1 SP-SM - 8.6 11.4 NP NP
SS-3 8.1 SM 50/6" 12.0 12.0 NP NP
SS-1 SW-SM 23 2.9 10.8 NP NP
SS-2 SP-SM 40 4.3 8.6 NP NP
$S-3 8.5 sC 9 19.2 46.5 33 11
SS-4 13.5 SM 5 16.7 33.3 30 5
SS-5 18.5 SM 7 15.1 23.0 NP NP

B-21-2 SS-6 23.5 SM 9 20.9 35.8 32 5
SS-7 28.5 SM 11 14.4 22.8 NP NP
SS-8 335 SM 22 22.5 20.7 NP NP
$S-11 48.5 SM 15 26.4 22.9 NP NP
$S-12 53.5 SM 42 20.4 25.6 NP NP
$5-13 58.5 SM - 17.5 24.0 NP NP
SS-1 0 SM 6 16.3 46.8 33 8
SS-2 2.7 SM 21 13.6 22.3 NP NP

B-21-3 SS-3 7.7 SM 13 18.0 20.6 NP NP
SS-4 12.7 SM 50/6" 13.9 17.6 NP NP
SS-1 0 SP-SM 23 3.9 9.3 NP NP
SS-2 3.5 SW 58 5.9 1.4 NP NP
$S-3 18.5 SM 23.4 30.5 28

B-21-4 SS-4 23.5 SM 23.2 33.4 27
SS-5 28.5 SM 16 16.6 19.2 NP NP
SS-6 335 SM 6 20.1 29.6 27 2
RC-1 60.7 SM - 2.1 27.9 NP NP
SS-1 2.6 SM - 14.5 20.1 NP NP
SS-2 7.6 SM 26 15.1 27.8 NP NP
$S-3 12.6 SM 62 13.7 24.3 NP NP
SS-4 17.6 SM - 12.5 16.1 NP NP

B-21-5 SS-6 27.6 SM - 21.3 27.3 NP NP
$5-10 47.6 SM - 14.4 26.1 NP NP
$S-17 32.6 SM 50/6" 19.3 29.8 27 NP
S5-18 37.6 SM 50/6" 18.7 29.7 27 NP
$s-21 52.6 SC-SM 93 17.6 36.0 27 5

PI1 = plasticity index; LL = liquid limit; NP =non-plastic
SP = Poorly graded sands and gravelly sands, little or no fines; SM = silty sands, sand-silt mixtures; SC = Clayey
sands, sand-clay mixtures; SW = Well-graded sands and gravelly sands, little or no fines; S = Sands
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5.2 Rock Testing Results

The results of the rock testing program described in Section 4.1.3 are provided in Table 13 through
Table 15 along with boring number, depth interval of sample, and sample lithology. Appendix H
includes the GeoTesting Express rock testing summary and forms.

Table 13 presents the results of UCS test results on 34 rock core samples with the ASTM D7012C
procedure. One sample from Boring B-21-3 (depth 278.7 ft) arrived at the laboratory broken and not
tested. Unit weight in pounds per cubic foot (pcf) was calculated for each rock core specimens prior
to testing. Twenty-five of the UCS tests were performed on granitic gneiss, one on quartz feldspar
gneiss, three on biotite gneiss, and five on banded augen granitic gneiss.

Table 14 presents the results of uniaxial compression test with elastic modulus results on 15
rock core samples with the ASTM D7012D procedure. Eleven tests were performed on samples
of granitic gneiss, three tests were performed on banded augen gneiss, and one test performed
on biotite gneiss.
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Table 13. Results of Unconfined Compressive Strength Tests (ASTM D7012-C and D7012-D)

Sample Date _ _ _ Unit _ Failure Meets | Meets
Borehole Number Depth Interval Sample Testing Field Lithology Weight UCS (psi) Type ASTM | ASTM | Note(s)
Tested (pcf) D4543 | D7012
B-21-1-2C 103.51-103.95 | 8/16/2021 UCs Granitic Gneiss 166 17412 3 Yes
B-21-1-4C 125.03-125.47 | 8/16/2021 UCs Granitic Gneiss 166 23733 1 Yes
B-21-1-6C 174.31-174.75 | 8/16/2021 UCs Granitic Gneiss 168 17884 1 Yes
B-211 B-21-1-8C 212.34-212.78 | 8/16/2021 UCS Granitic Gneiss 169 20886 1 Yes
B-21-1-5CM 146.28-146.72 | 8/30/2021 | UCS w/ EM Granitic Gneiss 168 20681 1 Yes
B-21-1-10CM 231.4-231.84 8/25/2021 | UCS w/ EM Granitic Gneiss 168 19967 1 Yes
B-21-2-14C 295.1-295.54 8/16/2021 UCSs Granitic Gneiss 168 19903 1 No 2,*
B-21-2-2C 106.28-106.72 | 8/16/2021 UCS Granitic Gneiss 168 19973 3 Yes
B-21-2-5C 159.9-160.4 8/16/2021 UCS Granitic Gneiss 167 18775 3 Yes
B-21-2-8C 219.9-220.34 8/16/2021 UCs Granitic Gneiss 168 18747 3 Yes
B-21-2-10C 238.59-239.03 | 8/16/2021 UCs Granitic Gneiss 166 22699 1 Yes
B2l 5 10:3CM | 132.21-132.65 | 8/25/2021 | UCS w/ EM | Granitic Gneiss 167 18760 1 Yes
B-21-2-6CM 166.29-166.73 | 8/25/2021 | UCS w/ EM Granitic Gneiss 168 18161 1 Yes
B-21-2-11CM 255.26-255.7 8/30/2021 | UCS w/ EM Granitic Gneiss 168 19552 1 Yes
B-21-2-12CM 267.15-267.65 | 8/25/2021 | UCS w/ EM Granitic Gneiss 169 20648 1 Yes
B-21-2-15CM 299.09-299.52 | 8/30/2021 | UCS w/ EM Granitic Gneiss 169 19803 1 Yes
B-21-3-21C 481.77-482.21 | 8/16/2021 UCSs Granitic Gneiss 168 18086 3 Yes
B-21-3-2C 233.17-233.61 | 8/16/2021 UCS Granitic Gneiss 167 18446 3 Yes
B-21-3-5C | 250.68-251.12 | 8/16/2021 ucs Q“argl;gggs'oar 162 32661 1 Yes
B-21-3-9C 332.35-332.79 | 8/16/2021 uUCs Granitic Gneiss 168 21079 1 Yes
B-21-3-11C 364.7-365.2 8/16/2021 UCs Granitic Gneiss 167 18777 1 Yes
B-21-3 B-21-3-13C 380.6-381.04 | 8/16/2021 uUCs Biotite Gneiss 169 19250 3 Yes
B-21-3-15C 285.5-286.24 | 8/16/2021 uUCs Biotite Gneiss 168 20357 1 Yes
B-21-3-18C 433.02-433.46 | 8/16/2021 uUCs Granitic Gneiss 168 22047 3 Yes
B-21-3-3CM 237.50-237.94 | 8/25/2021 | UCS w/ EM Granitic Gneiss 169 14789 1 Yes
B-21-3-10CM 356.21-356.65 | 8/30/2021 | UCS w/ EM Granitic Gneiss 168 19577 1 Yes
B-21-3-16CM 389.4-389.9 8/30/2021 | UCS w/ EM Biotite Gneiss 167 22228 1 Yes
B-21-3-19CM 434.59-435.03 | 8/30/2021 | UCS w/ EM Granitic Gneiss 169 20417 1 Yes
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Sambple Date Unit Failure Meets | Meets
Borehole Numger Depth Interval Sample Testing Field Lithology Weight UCS (psi) Tvpe ASTM | ASTM | Note(s)
Tested (pcf) YP€ | p4s43 | D7012
B-21-3-22CM | 483.68-484.12 | 8/25/2021 | UCSW/EM | Granitic Gneiss 169 10642 1 Yes
B-21-3-7C 278.7 UCSs Granitic Gneiss 5
B-21-4-2C 122.06-122.50 | 8/16/2021 ucs Banded Augen 168 15546 1 Yes
Granitic Gneiss
B-21-4-5C 130.4-130.95 | 8/16/2021 ucs Banded Augen 168 16463 1 Yes
Granitic Gneiss
B-21-4 B-21-4-3CM | 124.19-124.63 | 8/25/2021 | UCSw/Em | Banded Augen 168 12121 1 Yes
Granitic Gneiss
B-21-4-6CM | 135.21-135.65 | 8/30/2021 | UCSw/EM | Banded Augen 168 20238 1 Yes
Granitic Gneiss
B-21-4-8CM | 141.75-142.19 | 8/30/2021 | UCSw/Em | Banded Augen 168 15555 1 Yes
Granitic Gneiss

Failure types: 1=Intact material failure; 3=Intact material failure and discontinuity failure. Notes: 2= The core (as-received by the lab) did not meet the ASTM side
straightness tolerance due to irregularities in the sample as cored. 5= Sample received broken by lab and unfit for testing. *Because the indicated test specimens
did not meet the ASTM D4543 standard tolerances, the results reported here may differ from those for a test specimen within tolerances. Notes: UCS = unconfined
compressive strength; EM=elastic modulus

Table 14. Results of Uniaxial Compression Test with Elastic Modulus (ASTM D7012D)

Sample DL DElE . . . Stress Range Young's Poisson's Pzl . UF‘“
Borehole Number Interval Sample Testing Field Lithology (osi) Modulus (psi) Ratio Compressive | Weight
(ft) Tested p P Strength (psi) (pcf)
146.28- N _ 2100-7600 3.24E+06 0.21
B-21-1-5CM 146.72 8/30/2021 | UCS w/ EM Granitic Gneiss 7600-13100 3.98E+06 0.34 20,681 168
B-21-1 ) 13100-18600 3.72E+06 0.49
231 4- N . 2000-7300 3.43E+06 0.24
B-21-1-10CM 231 .84 8/25/2021 | UCS w/ EM | Granitic Gneiss 7300-12600 4.43E+06 0.40 19.967 168
) 12600-18000 4.63E+06
132.21- N _ 1900-6900 3.22E+06
B-21-2-3CM 132.65 8/25/2021 | UCS w/ EM Granitic Gneiss 6900-11900 4.13E+06 0.28 18,760 167
) 11900-16900 4.30E+06
166.29- 3 . 1800-6700 3.71E+06 0.21
B-21-2-6CM 166.73 8/25/2021 | UCS w/ EM | Granitic Gneiss 6700-11500 5.17E+06 0.33 18,161 168
) 11500-16300 5.58E+06 0.42
B-21-2 255 26- N _ 2000-7200 3.85E+06 0.20
B-21-2-11CM 255.7 8/30/2021 | UCS w/ EM Granitic Gneiss 7200-12400 4.54E+06 0.30 19,552 168
) 12400-17600 4.50E+06 0.44
267.15- 3 . 2100-7600 4.23E+06 0.18
B-21-2-12CM 267‘ 65 8/25/2021 | UCS w/ EM | Granitic Gneiss 7600-13100 5.01E+06 0'30 20,648 169
) 13100-18600 5.31E+06 )
299.08- - . 2000-7300 3.42E+06 0.17
B-21-2-15CM 299 52 8/30/2021 | UCSw/EM | Granitic Gneiss 7300-12500 4.51E+06 0.26 19,803 169
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Depth Date . : . Peak Unit
Borehole Sﬁmgleer Interval Sample Testing Field Lithology Stresissl?)ange Mo\((ch)JLIlunsg(s i) POF'{S;?On s Compressive | Weight
(ft) Tested P P Strength (psi) (pcf)
12500-17800 4.26E+06 0.32
237 50. - . 1500-5400 2.26E+06 0.15
B-21-3-3CM | .70 | 8/25/2021 | UCSW/EM | Granitic Gneiss | 5400-9400 3.59E+06 0.30 14,789 169
: 9400-13300 4.01E+06 0.38
35621 - _ 2000-7200 2.93E+06 0.27
B-21-3-10CM | o | 8/30/2021 | UCSw/EM | Granitic Gneiss | 7200-12400 4.21E+06 19,577 168
: 12400-17600 4.92E+06
380.4. — . 2200-8200 3.25E+06 o017
B-21-3 | B-21-3-16CM | oo'c | 8/30/2021 | UCSW/EM | Biotite Gneiss 8200-14100 4.14E+06 031 22,228 167
: 14100-20000 3.85E+06 :
43450, - _ 2000-7500 3.74E+06 0.19
B-21-3-19CM | ‘,2. 7% | 8/30/2021 | UCSw/EM | Granitic Gneiss | 750012900 4.70E+06 0.30 20,417 169
' 12900-18400 4.62E+06 0.46
483,68 - . 1100-3900 3.54E+06
B-21-3-22CM | ;=0 | 8/25/2021 | UCSW/EM | Granitic Gneiss |  3900-6700 3.74E+06 0.33 10,642 169
: 6700-9600 4.77E+06
1200-4400 1.90E+06 0.21
B-21-4-3CM 1122‘:’1'%%' 8/25/2021 | UCS w/ EM gf‘;rﬂﬁg éﬁgg 4400-7700 2.87E+06 0.30 12,121 168
: 7700-10900 3.52E+06 0.38
2000-7400 3.13E+06 0.16
B21-4 | B-21-4-6CM 11?,)552615 8/30/2021 | UCS w/ EM gf:rﬂflg éﬁgf; 7400-12800 4.21E+06 0.29 20238 168
: 12800-18200 4.17E+06 0.39
1600-5700 2.28E+06 0.13
B-21-4-8CM 11i12'7159' 8/30/2021 | UCS w/ EM gf‘;rﬂﬁg éﬁgg 5700-9900 2.95E+06 0.27 15,555 168
: 9900-14000 3.52E+06

Note: UCS = unconfined compressive strength; EM=elastic modulus
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Table 15 presents the results of the Splitting Tensile Strength Tests. Of the twenty rock samples,
fourteen were granitic gneiss, three were samples banded augen granitic gneiss, two were biotite
gneiss, and one sample was quartz feldspar gneiss. The granitic gneiss splitting tensile strength
results ranged from 5,217 psi to 7,106 psi with a mean of 6,249 psi. The banded augen granitic
gneiss results ranged from 5,220 psi to 3,834 psi. The biotite gneiss sample test results were 6,267
and 6,736 psi. The lone quartz feldspar gneiss sample splitting tensile strength result was 6,999 psi.
All specimen failures were intact failures, meaning that discontinuities did not influence the failure.

Table 16 presents a statistical analysis of the unit weight, UCS, and splitting tensile strength. One
guartz feldspar gneiss sample had the highest UCS of 32,661 psi with only one sample tested. As
presented in Table 16, the granitic gneiss test values ranged from 10,642 to 23,733 psi. with a Mean
value of 19,258 psi. Biotite gneiss results ranged from 19,250 to 22,258 psi with a Mean value of
20,611 psi. Banded augen gneiss results ranged from 12,121 to 20,238 psi. The mean value was
15,985 psi. There is not enough data to draw conclusions regarding the relative strength of the
guartz feldspar gneiss when compared to the other tested rock types. Based on the data, biotite and
granitic gneiss have similar UCS values. The banded augen granitic gneiss appears to be slightly
lower in UCS when compared to the other lithologies but the fact that the samples were all from the
upper 50 ft (TFR) makes any such conclusion premature. Unit weight ranged from 166 to 169 pcf
with the mean value 167.8 pcf.
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Table 15. Results of Splitting Tensile Strength Tests (ASTM D3967)

Sample Test DEYS Il S‘I%l:ltgiTg Failure
Borehole Numger No. Depth Interval §|_amp|e Testing Field Lithology Load Strength Type
ested (Ibs) ;
(psi)
B-21-1 B-21-1-1T ST-1 102.88-102.97 7127/2021 Splitting Tensile Granitic Gneiss 5,973 1,410 1
B-21-1 B-21-1-3T ST-2 122.20-122.29 7127/2021 Splitting Tensile Granitic Gneiss 6,573 1,650 1
B-21-1 B-21-1-7T ST-3 174.97-175.06 7127/2021 Splitting Tensile Granitic Gneiss 6,938 1,590 1
B-21-1 B-21-1-9T ST-4 212.93-213.02 7127/2021 Splitting Tensile Granitic Gneiss 6,233 1,520 1
B-21-2 B-21-2-1T ST-5 105.84-105.93 7127/2021 Splitting Tensile Granitic Gneiss 6,578 1,620 1
B-21-2 B-21-2-4T ST-6 159.40-159.49 7127/2021 Splitting Tensile Granitic Gneiss 6,806 1,780 1
B-21-2 B-21-2-7T ST-7 217.29-217.38 7127/2021 Splitting Tensile Granitic Gneiss 6,351 1,510 1
B-21-2 B-21-2-9T ST-8 238.06-238.15 7127/2021 Splitting Tensile Granitic Gneiss 5,217 1,240 1
B-21-2 B-21-2-13T ST-9 289.78-289.87 7127/2021 Splitting Tensile Granitic Gneiss 5,284 1,320 1
B-21-3 B-21-3-1T ST-10 232.81-232.90 7127/2021 Splitting Tensile Granitic Gneiss 5,810 1,380 1
B-21-3 B-21-3-4T ST-11 249.87-249.96 7127/2021 Splitting Tensile Quartz-Feldspar Gneiss 6,999 1,770 1
B-21-3 B-21-3-6T ST-12 277.61-277.70 7127/2021 Splitting Tensile Granitic Gneiss 7,106 1,650 1
B-21-3 B-21-3-8T ST-13 331.43-331.52 7127/2021 Splitting Tensile Granitic Gneiss 6,886 1,780 1
B-21-3 B-21-3-12T | ST-14 379.68-379.77 7127/2021 Splitting Tensile Biotite Gneiss 6,267 1,530 1
B-21-3 B-21-3-14T | ST-15 383.82-383.91 7127/2021 Splitting Tensile Biotite Gneiss 6,736 1,610 1
B-21-3 B-21-3-17T | ST-16 430.89-430.98 7127/2021 Splitting Tensile Granitic Gneiss 5,595 1,350 1
B-21-3 B-21-3-20T | ST-17 480.48-480.57 7127/2021 Splitting Tensile Granitic Gneiss 6,140 1,510 1
B-21-4 | B-21-4-1T | ST-18 | 120.02-120.11 | 7/27/2021 | Splitting Tensile Banded éﬁgies”s Granitic 5,220 1,270 1
B-21-4 | B-21-4-4T | ST-19 | 129.95-130.04 | 7/27/2021 | Splitting Tensile Banded éﬁgies”s Granitic 4,821 1,170 1
B-21-4 | B-21-4-7T | ST-20 | 136.06-136.15 | 7/27/2021 | Splitting Tensile Banded éﬁglesr; Granitic | 5934 929 1

Note: Strain rate= 2.5%/min; Failure Type: 1= Intact Material Failure; Ibs=pounds
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Table 16. Statistical Analysis of Rock Core Laboratory Data

Granitic Gneiss

UW (pcf) UCS (psi) STS (psi)
168 18086 1,410
167 18446 1,650
168 21079 1,590
167 18777 1,520
168 22047 1,620
169 14789 1,780
168 19577 1,510
169 20417 1,240
169 10642 1,320
168 19903 1,380
168 19973 1,650
167 18775 1,780
168 18747 1,350
166 22699 1,510

167 18760
168 18161
168 19552
Banded Augen 169 20648
Granitic Gneiss 169 19803
UW (pcf) UCS (psi) | STS (psi) 166 17412 Biotite Gneiss
168 15546 166 23733
168 16463 168 17884 UW (pcf) UCS (psi) | STS (psi)
168 12121 1,270 169 20886 167 22228
168 20238 1,170 168 20681 169 19250 1,530
168 15555 929 168 19967 168 20357 1,610
Count= 5 5 3 25 25 14 3 3 2
Mean= 168| 15984.6 1123.0 167.8| 19257.8 1522.1 168.0| 20611.7 1570.0
Median= 168 15555 1170 168 19577 1,515 168 20,357
SD= 0 2593.2 143.1 0.9 2502.3 161.0 0.8 1229.0
+1SD 168.0| 18577.8 1266.1 168.8| 21760.1 1683.2 168.8| 21840.7
-1SD 168.0| 13391.4 979.9 166.9| 16755.4 1361.1 167.2| 19382.6
Min= 168 12121 929 166 10,642 1320 167 19250
Max= 168 20238 1,270 169 23,733 1780 169 22228

Note: UW = Unit Weight; UCS = Unconfined Compressive Strength; STS = Splitting Tensile Strength

6 Geotechnical Conditions

6.1 Site Geotechnical Conditions

The proposed Bad Creek Il tunnel alignment is located entirely within the TGn and all tunnels and
shafts will be in constructed within sound, unweathered TGn except possibly a portion of the tailrace

September 1, 2022 | 29




Bad Creek Il Power Complex Feasibility Study
Volume 8: Geotechnical Studies

tunnels at the Lower Reservoir I/0O. Partially weathered TGn, residual soil and saprolite derived from
the TGn, colluvium, and minor amounts of fill material will require excavations to reach elevations
for construction of the Upper Reservoir I/O, vertical shafts, and gate shafts. Excavation to achieve
construction elevations for the Lower Reservoir I/O structure will be primarily in fill, silty sandy gravel
with boulders (landslide/rockslide materials, partially weathered rock, and unweathered rock.

6.1.1 Overburden Soil

Overburden materials primarily consists of residual soil and/or saprolite classified primarily as non-
plastic silty sand. Soils close to the bedrock interface contained PWR fragments. Residual soll
consistency ranges from loose (N value of 5 to 10) to very dense with N values 50 or greater. More
specifically soils in Boring B-21-2 are loose to medium dense to a depth of 52 ft and Boring B-21-3
soils are loose to medium dense to a depth of 10 ft then very dense to refusal at 17.7 ft. Soils in
Boring B-21-1 and B-21-5 are dense to very dense.

Soil sampled in Boring B-21-4 is colluvium/landslide material and was primarily loose however,
Standard Penetration Resistance values or N-values were not assessed past 35 ft below ground
surface as the drilling operations switched to HQ coring due to the presence of a boulder. The
material is identified as landslide/colluvium due to the presence of large, rotated blocks of TGn in a
soil matrix that was identified in the borehole and during field mapping. Results of field mapping are
presented in Volume 7 - Geology and Seismology Report. Table 17 presents soil thickness and
basic descriptions using the Unified Soil Classification System (USCS) (ASTM 2020) as determined
from laboratory tests of overburden soils.

Table 17. Soil Thickness and Description

. . . Classification
Boring Soil Thickness (ft) (in order of prevalence)
SP-SM, SM

B-21-1 36.9 (Residual/Saprolite)

SM, SC, SP-SM, SW-SM
B-21-2 618 (classifications SP-SM and SW-SM are fill)
B-21-3 20.5 SM

SW, SM

B-21-4 90.7 (fine fraction of colluvium)
B-21-5 59.2 SC-S

Note: SP = Poorly graded sands and gravelly sands, little or no fines; SM = silty sands, sand-silt mixtures;
SC = Clayey sands, sand-clay mixtures; SW = Well-graded sands and gravelly sands, little or no fines;
S = Sands

6.1.2 Bedrock

The proposed tunnel alignment is located entirely within the TGn. A total of 1,054 ft of TGn was
cored during this phase of geotechnical investigations. Detailed geologic mapping of the
underground excavations during construction of the existing Bad Creek Project resulted in
subdivision of ten rock types within the TGn. Of those ten identified rock types, six were encountered
during the current investigation as follows:

(1) Granitic Gneiss, medium light gray to light gray, medium to coarse-grained, gneiss
consisting of layers of light-colored quartz feldspar bands and darker biotite quartz feldspar
bands, distinctly/well foliated; comprises over 90 percent of the total cored rock.
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(2) Quartz-Feldspar Gneiss, light gray to white, coarse to very coarse-grained, distinctly
foliated, trace biotite and hornblende, occurs predominantly in 0.3- to 1.0 ft-thick zones along
foliation with thicker zones of 1.5 ft. Encountered in borings B-21-1, (5.0 ft), B-21-2-(1.1 ft),
B-21-3, (16.2 ft), B-21-5, (5.3 ft). Comprises approximately 2.6 percent of the total cored
rock.

(3) Banded Augen Granitic Gneiss, medium light gray, medium to coarse-grained gneiss
consisting of foliated (banded) augen 0.2 to 2.5 centimeters (cm). Only encountered in
Boring B-21-4, 59.5 ft of the 60.3 ft cored. Comprises approximately 5.7 percent of the total
cored rock.

(4) Biotite Gneiss, medium dark gray to dark gray, hard fine to medium-grained, thinly foliated
with interlayered quartz-feldspar veins. Encountered 11 ft of this rock type in Boring B-21-3.
Comprises approximately 1 percent of the total cored rock.

(5) Weathered sheared rock, encountered in Boring B-21-3 (3.0 ft), and comprises less than 1
percent of total cored rock.

(6) Hard sheared rock, encountered in Boring B-21-4 (0.8 ft) and B-21-5 (1.9 ft)

The TGn is typically massive with few joints in slightly weathered to fresh rock (Schaeffer et al. 1979;
Schaeffer 2016). Jointing decreases with depth and the majority of the cored bedrock is very slightly
fractured. Based on data collected during Bad Creek Il Geotechnical Investigation, the most
prominent discontinuity set consists of joints developed along foliation. The orientation of foliation
dipping to the southeast is significant in that it aligns with the slope topography along portions of the
proposed Bad Creek Il tunnel alignment. Discontinuity sets are discussed in more detail in Section
4.1.3. Detailed soil and rock descriptions are presented on the boring logs in Appendix B.

6.1.3 Landslide/Rockslide Material

B-21-4 was drilled in a landslide/rockslide at the location of the Lower Reservoir 1/O. In B-21-4
colluvium is present with an interpreted thickness of 90.7 ft based on the boring data and the seismic
lines. The colluvium consists of augen granitic gneiss boulders and quartz feldspar gneiss boulders
in a matrix of sandy silt in the upper portions of the boring. Boulders encountered in the boring were
slightly to severely weathered. SPT sampling was attempted to 5.7 ft below ground surface and HQ
coring proceeded to a depth of 17.0 ft in order to facilitate drilling through boulder material. SPT
sampling was resumed from a depth of 17.0 ft to a depth of 38.5 ft. HQ coring was used for the
remainder of the borehole past 38.5 ft. Top of rock was encountered at a depth of 90.7 ft. Core
recovery in the landslide material interval ranged from 0 to 100 percent and four of the core runs had
a recovery of 0 percent. Recovered core was from large blocks of rock within the landslide. Large
blocks of TGn were observed in the landslide/rockslide near the location of B-21-4. The blocks are
tilted and rotated within a soil matrix. Blow counts of soils in the landslide material indicated loose to
medium dense for non-cohesive soils and soft for cohesive soils. A map showing the location of the
landslide based on surface mapping and preliminary excavation and stabilization concepts has been
developed and is presented in Volume 7 (Geology and Seismology Report).
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7

Summary and Considerations

The Bad Creek Il Geotechnical Investigation obtained data regarding subsurface conditions and rock
and soil properties along the proposed Bad Creek 1l Power Complex alignment and specifically in
the vicinity of the Upper and Lower Reservoir I/O excavations, vertical Intake shafts, and gate shafts.
The following observations based on the field program data and analysis present a summary of the
most pertinent geotechnical characteristics of the proposed Bad Creek Il alignment.

The bedrock is composed entirely of TGn and up to seven lithologic variations exist within
the drilled zones. Granitic gneiss is the predominant lithology (90 percent of drilled core) with
minor amounts of biotite gneiss, hard sheared rock, quartz feldspar gneiss, banded augen
granitic gneiss, and weathered sheared rock.

A zone of severely to moderately weathered, intensely to moderately fractured (with some
very intensely fractured zones) rock and significant iron staining on fracture surfaces ranges
from TWR to approximate depths of 0-35 ft below TWR.

In the borings at depths ranging from 15 to 35 ft below the top of PWR and extending to
depths as great as 220 ft, the TGn is moderately hard to very hard, moderately to slightly
weathered with some moderately to severely weathered fracture surfaces, and moderately to
slightly fractured with few limited intensely fractured zones. The top of this zone would
generally be consistent with the TFR interpreted from the surface seismic refraction and
MASW surveys.

From depths ranging from 75 to 220 ft below the top of PWR and extending to total boring
depth, the Toxaway gneiss is hard to very hard, fresh to slightly weathered, and
predominantly slightly fractured to unfractured. This rock condition, if reached with surface
seismic survey depth, would present the highest velocities on the refraction and MASW
surveys.

Foliation dips to the SE 19 to 36 degrees (with the exception of zones of intense folding) with
dip generally decreasing to the SE. Foliation strikes N34E to N-60E.

Foliation joints are the most predominant (in terms of humber) discontinuity in the borings in
the rock mass.

Zones of sheared hard rock occur along foliation exist in the rock mass and were developed
under ductile conditions.

A series of faults dipping generally 55 to 70 degrees to the NW exist in the Toxaway Gneiss.
From core description fault zones range from 5-10 millimeters thick and are healed with
chlorite, calcite, epidote, and quartz.

The rock mass exhibits low hydraulic conductivity, k = E-05 to E-06 cm/sec, with permeability
only along discontinuities. Exceptions to the low permeability exist in the weathered zone in
the upper 35 ft of the rock profile and along distinct continuous weathered shear zones as in
the case of Boring B-21-3 at depth 266.2-269.2 ft.

Zones of sheared weathered rock parallel to foliation exist in the rock mass and exhibited
enhanced hydraulic conductivity in B-21-3.
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e The landslide/rockslide at the proposed Lower Reservoir I/O is of significant width (see
Figure 1) and a depth of 91 ft based at the location of Boring B-21-5.

Geotechnical conditions at the proposed Bad Creek Il location present a number of advantages as
well as potential challenges for consideration:

e The Toxaway Gneiss exhibits overall excellent rock mass quality with respect to rock
strength, discontinuity frequency, low permeability, and weathering profile.

e The consistent dip of foliation to the SE and the prevalence of joints along foliation could
present conditions of lowered stability in the north to west sides of excavations if foliation
joints are continuous.

e Depending on orientation of excavation slopes, weathered shear zones present in
excavation slopes could present lowered stability conditions.

¢ Weathered shear zones (as encountered in Boring B-21-3 at depth 266.2-269.2 ft) have
significant permeability and may require mitigation or water management if encountered
significant depths.

o Landslide/colluvium is a significant geotechnical hazard at the Lower Reservoir 1/O.

e Depending on orientation, biotite gneiss layers daylighting in excavation slopes could present
planes of weakness if weathered.

¢ Dense to very dense soils are favorable for excavation slope geometry. Loose to medium
dense soils may require decreased slope angle to maintain stability.

¢ Northwest dipping faults encountered in the borings with chlorite (low shear strength)
mineralization are planes of weakness that may impact excavation slopes.

8 Limitations

Recommendations and findings provided in this report are based on limited subsurface explorations,
laboratory testing, and field observations. Subsurface conditions including soil and bedrock
conditions may vary between or beyond the points explored or observed. Groundwater conditions
may vary from the conditions observed at the time of data collection. Information and
recommendations presented in this report should not be used for other projects on this site, should
not be extrapolated to other areas, and should not be used for projects in other locations without
HDR'’s review and approval.
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Project Drawings
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440 S. Church Street, Suite 900
Charlotte, NC 28202-2075
Phone: 704-338-6700
hdrinc.com/follow-us

CLIENT _DUKE ENERGY

PROJECT NUMBER _10270481

DATE STARTED _4/6/21 COMPLETED _4/13/21
DRILLING CONTRACTOR _S&ME, Inc.

DRILLING METHOD _TWR, HQ Core

BORING NUMBER B-21-1

PAGE 1 OF 11
PROJECT NAME _BAD CREEK I
PROJECT LOCATION _SALEM, SOUTH CAROLINA
GROUND ELEVATION _TBD HOLE SIZE(S) _3.782 inches
NORTHING _TBD EASTING _TBD
GROUND WATER LEVELS:

LOGGED BY _C. Gruenberg CHECKEDBY N.Yacobi YW DATE/TIME 4/16/2021 _36.01 ft Before downhole testing 4/16/21
NOTES ¥ DATEITIME 4/19/2021 34.65 ft Before grouting 4/19/21
o2 —~ Q <
Hﬁ 2 w@| 3 i Z
Fol by |BE3RESE| € s
o
W= 38 123503 23| x DESCRIPTION REMARK
a Lo |m 3xXo| ©
== °zl B &l o
EE EOE| R
03 - Silty GRAVEL (GM) from pad (FILL) r 0.0-57.5- Tricons Wash Rotary —
L Iss-1] Soor |12 Poorly Graded SAND with SILT and e ok = ™ PL=NP, PI=NP,
GRAVEL (SP-SM), grayish dark brown 1.2 Drill ria chatter
(10YR 4/2), very dense, moist to wet, fine - 9
B b, to coarse grained SAND, fine to coarse HW casing advanced to 2.0'
' grained GRAVEL, micaceous, (PWR)
= - “ 0.6": Gray (10 R 6/1), moist, coarse grained ,
SS - 2} 204 GRAVEL, subangular, some to little biotite 3.1" USCS:SP'SM, LL= -, PL=NP, PI=NP,
| | \i} 3.1": Grayish brown (10YR 5/2), moist to wet NMC=8.6, %200=11.4 )
3.4": Drill rig chatter; Flushing hole
5
8 _ _
- — Silty SAND with GRAVEL (SM), gray
(10YR 6/1), very dense, moist, fine to
B 4 medium grained SAND, coarse grained
GRAVEL, subangular, some to little
| | biotite, (PWR)
i 8.1": USCS=SM, LL= --, PL=NP, PI=NP, NMC=12.0,
§S-3| 50805" | 49 8.5": White (10YR 8/1) %200=16.2
B 8.8" Gray (10YR 6/1) 8.1": Gneissic gravels and PWR
10
i ] S5 - 450" 13.1 - 36.9": Driller noted alternating hard and soft
0 layers, approximately 0.1 - 0.3' thick
15
i ] SS - 5|_BUA"
| L0
20
i ] SS - )BT
B | 0
25

Page 1
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440 S. Church Street, Suite 900
Charlotte, NC 28202-2075
Phone: 704-338-6700
hdrinc.com/follow-us

CLIENT _DUKE ENERGY

BORING NUMBER B-21-1

PAGE 2 OF 11

PROJECT NAME _BAD CREEK I

PROJECT NUMBER _10270481

PROJECT LOCATION _SALEM, SOUTH CAROLINA

owl I
Eo|hy 352kixk|
0=\ 29 2353 23] x DESCRIPTION REMARKS
S Oz| o Of Q
=5 | "5 g ¢
nz
25
Silty SAND with GRAVEL (SM), gray
(10YR 6/1), very dense, moist, fine to
B N medium grained SAND, coarse grained
GRAVEL, subangular, some to little
= E biotite, (PWR) (continued)
I
SS - 7} B
B | 0
30
| 1 32.6 - 34.7": Soft layer
SS - gl B0
B | 0
35
36.9
] GRANITIC GNEISS, medium light gray 36.9" End of day (04/06/2021) , ,
(N6) to medium gray (N5), hard, medium 36.9 - 37.5" Rock chewed up when setting casing
- to coarse grained, thinly to thickly foliated, HW casing advanced to 37.5
trace to few feldspar augen (0.2 - 1.5 cm), 37.5" Start HQ coring oo
A trace hornblende (0.2 - 2.0 cm), 37.5 FOLIATION dipping 25° - 30
RC-1 45 | 42 interlayered quartz-, feldspar-, potassium 37.5 - 38.9' Slight weathering
40 feldspar-, hornblende- pegmatite, spaced 37.5 - 40.8" Close joint spacing
close to moderately close, very light gray 38.4": JOINT, 20° dip, open o
(N8), very hard, coarse to very coarse 38.9': JOINT, 10° dip, open, trace Fe staining
5 . grained, 0.1 - 0.4' thick 38.9 - 41.1": Moderate to moderately severe
weathering
| | 39.0 - 40.9": Core loss
39.9 - 45.4": PACKER TEST 5: k=3.1E-05 cm/sec
40.8 - 41.1": Very close joint spacing
- N 41.1 - 45.8": Close joint spacing
RC-2 9 | 88 41.1 - 46.8" Very slight to slight weathering
| ] 41.1": JOINT, 20° dip, open
41.5" FOLIATION JOINT , 20°, open
45 42.1": FOLIATION JOINT, 25°, open
43.6": JOINT, 30° dip, open
44.8": JOINT, 15° dip, open
B ] 45.2 - 50.7": PACKER TEST 4: Could not build
pressure
B i _ . 45.8 - 50.8": Close to moderately close joint spacing
46.8 - 47.5": Moderately hard 46.1"- JOINT, 0° dip, open
B ] 47.5 - 50.8": Hard 46.7": JOINT, 30° dip, open
RC-3 90 | 84 46.8 - 47.5": Moderately severe weathering, very close
joint spacing
B . 47.0 - 47.5": Core Loss
50 47.5 - 50.8": Close to moderately close joint spacing
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CLIENT _DUKE ENERGY PROJECT NAME _BAD CREEK I
PROJECT NUMBER _10270481 PROJECT LOCATION _SALEM, SOUTH CAROLINA
ouw| J [a)
Eolhy 3220836 ¢
s #3 (23357588 x DESCRIPTION REMARKS
S Oz| o Of Q
=5 | "5 g ¢
50 nz
GRANITIC GNEISS, medium light gray 47.5'- 00.8" Ver)ﬁ slight to slight weathering
(N6) to medium gray (N5), hard, medium 47.5 JOINT, 30° dip, open o
- to coarse grained, thinly to thickly foliated, 47.8" JOINT, 40° dip, open, trace Fe staining
trace to few feldspar augen (0.2 - 1.5 cm), 48.2": JOINT, 30° dip, paritally open
B _ trace hornblende (0.2 - 2.0 cm), 48.3": FOLIATION JOINT, 20°, open, trace clay
| interlayered quartz-, feldspar-, potassium infilling .
A feldspar-, hornblende- pegmatite, spaced 49.4" JOINT, 20° dip, open
RC-4 100 | 96 close to moderately close, very light gray 50.1" JOINT, 15° dip, open o
(N8), very hard, coarse to very coarse 50.2" JOIN'T, 15° dip, open, trace clay infilling
- grained, 0.1 - 0.4' thick (continued) 50.8 - 54.1": Wide joint spacing _
50.8 - 65.5": Very hard 50.8 - 65.8": Fresh to very slight weathering
55 52.9": FOLDING in quartz/feldspar band
54.1 - 55.8": Close joint spacing
54.1": JOINT, 0° dip, open, Fe staining
B 7] 54.3": JOINT, 15° dip, open
54.8" JOINT, 0° dip, open
B - 55.0": FOLIATION JOINT, 30° dip, open
55.8": FOLIATION JOINT, 30° dip, open
B i 55.8 - 71.4": Close to moderately close joint spacing
RC-5 100 | 100 55.8 - 56.3": Potassium feldspar
56.7 - 57.0": Potassium feldspar
B N 57.0": JOINT, 10° dip, closed
60 58.4": JOINT, 30° dip, open
59.9": FOLIATION JOINT, 30° dip, closed
60.2 - 65.7': PACKER TEST 3: k=5.4E-05 cm/sec
= m 60.4": JOINT, 30° dip, open
60.8 - 75.8": FOLIATION dipping 20°- 40°
| | 61.1 - 61.2": Very close joint spacing
61.2": JOINT, 20° dip, open
61.7": JOINT, 0° dip, open
- N 62.0": JOINT, 0° dip, closed, trace Fe staining
RC-6 100 | 78 62.2": FOLIATION JOINT, 20° dip, closed, trace Fe
= B staining
62.4": FOLIATION JOINT, 20° dip, trace Fe staining
65 64.2": JOINT, 10° dip, closed, trace Fe staining
65.5 64.3": JOINT, 20° dip, closed, trace Fe staining
QUARTZ-FELDSPAR GNEISS, yellowish 64.8: JOINT, 30° dip, trace Fe staining
C ] gray (5Y 8/1) to pinkish gray (5YR 8/1), 65.8 - 70.8": Fresh weathering
67.0 very ha_rd_, coarse to very coarse grained,
— | trace biotite and hornblgnde_ i 67.1": JOINT, 0° dip
67.9 GRANITIC GNEISS, medium light gray
B B (N6) to medium gray (N5), hard to very ]
RC-7 100 | 94 hard, medium to coarse grained, thinly to
B i thickly foliated, trace to few feldspar
697 | augen (0.2 - 1.5 cm), trace hornblende
70 - (0.2 - 2.0 cm), interlayered quartz-, H
Le'dSPar" potassium feldspar-, 70.2': FOLIATION JOINT, 30° dip, open, Fe staining
ornblende- pegmatite, spaced close to 70.3" JOINT, 10° dip
-] moderately close, very light gray (N8), 70.8 - 71.4" Close joint spacing
Be{y_h;f‘tﬁiocirse to very coarse grained, 70.8 - 77.6": Fresh to very slight weathering
B N : : - 70.9": JOINT, 30° dip, partially open
QUARTZ-FELDSPAR GNEISS, yellowish 71.4: JOINT, 15° dip, open
— gray (5Y 8/1) to pinkish gray (5YR 8/1), 71.4 - 75.8" Wide joint spacing
RC-8 100 | 98 very hard, coarse to very coarse grained,
trace biotite and hornblende
75
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CLIENT _DUKE ENERGY PROJECT NAME _BAD CREEK I
PROJECT NUMBER _10270481 PROJECT LOCATION _SALEM, SOUTH CAROLINA
e g # =
4 owl I > a
Io|Ge 3E30EsE| 2
o | W o
=29 (2336523 x DESCRIPTION REMARKS
e S Oz| o Of Q
=g I T
n= Y| x
75

GRANITIC GNEISS, medium light gray
(N6) to medium gray (N5), hard to very
hard, medium to coarse grained, thinly to
thickly foliated, trace to few feldspar

E augen (0.2 - 1.5 cm), trace hornblende

(0.2 - 2.0 cm), interlayered quartz-,

feldspar-, potassium feldspar-,

RC-9 98 | 86 hornblende- pegmatite, spaced close to

moderately close, very light gray (N8),

79.4 very hard, coarse to very coarse grained,

79.9 |_0.1"-0.4"thick (continued)

80

QUARTZ-FELDSPAR GNEISS, yellowish
gray (5Y 8/1) to pinkish gray (5YR 8/1),

81.6 trace biotite and hornblende

B 81.1 very hard, coarse to very coarse grained, ||

i GRANITIC GNEISS, medium light gray

(N6) to medium gray (N5), hard, medium

to coarse grained, thinly to thickly foliated,

RC - 98 | 86 trace to few feldspar augen (0.2 - 1.5 cm),
10 trace hornblende (0.2 - 2.0 cm),

N interlayered quartz-, feldspar-, potassium

feldspar-, hornblende- pegmatite, spaced

85 close to moderately close, very light gray
(N8), very hard, coarse to very coarse
grained, 0.1' - 0.4' thick

80.8 - 90.8" Very hard

QUARTZ-FELDSPAR GNEISS, yellowish
gray (5Y 8/1) to pinkish gray (5YR 8/1),
very hard, coarse to very coarse grained,

B 1 trace biotite and hornblende

RC -
11 100 | 96 GRANITIC GNEISS, medium light gray

= E (N6) to medium gray (N5), hard, medium

to coarse grained, thinly to thickly foliated,
90 trace to few feldspar augen (0.4 - 2.2 cm),

trace hornblende (0.2 - 2.7 cm), trace

epidote, trace garnet (0.2 to 0.6 cm), with
interlayered quartz-, feldspar-, potassium
feldspar-, hornblende- pegmatite, spaced

- B close to moderately close, very light gray

(N8), very hard, coarse to very coarse
grained, 0.1' - 0.4' thick

RC- 98 | 92
12

95

[ || Re- 98 | 94
13

100

75.2 - 80.7": PACKER TEST 2: k=7.3E-05 cm/sec

75.8 - 77.6": Moderately close joint spacing
75.8": FOLIATION dipping 15° - 30°

77.0": FOLIATION JOINT, 30° dip, closed

77.6 - 78.1": Very close joint spacing

77.6 - 78.2": Moderately severe weathering
77.8-77.9" Core loss

77.9": JOINT, healed with chlorite, 75° dip

78.1 - 95.1": Close to moderately close joint spacing
78.2 - 79.8" Very slight to slight weathering

78.2": FOLIATION JOINT, 20° dip, open, Fe staining
78.2 - 79.4": Increase in potassium-feldspar content
78.8 - 79.1": FAULT, normal sense of displacement,
healed with chlorite, 2.0 cm displacement

79.8 - 95.1": Fresh to very slight weathering

79.1": JOINT, 20° dip, open, trace Fe staining

79.9": FOLIATION JOINT, 20° - 30° dip, open, clay
infilling

80.8": Driller reports harder drilling

80.8": FOLIATION dipping 10° - 30°

81.1": FOLIATION JOINT, 20° dip, open

81.2": FOLIATION JOINT, 20° dip, open

81.3": FOLIATION JOINT, 20° dip, open

82.0": FOLIATION JOINT, 25° dip, open

82.3": JOINT, 0° dip, open

82.8" JOINT, 10° dip, open

85.1": JOINT, 10° - 15° dip, open

85.6": JOINT, 10° dip, open

85.8": End of day (04/07/2021); Depth to water 35.52'
below ground surface, casing at 37.5' below ground
surface (04/08/2021); Driller reported slower, harder
drilling, switched from series 8 bit to series 10 bit
86.8": JOINT, 20° dip, open

87.2": JOINT, 20° dip, open

88.0 - 95.1": Very close joint spacing, slight to
moderate weathering

88.0": JOINT 20° dip, open

88.1": JOINT, 15° dip, open

89.9": FOLDING

90.8": FOLIATION dipping 20° - 40°

91.4 - 97.1": PACKER TEST 1: 2.4E-05 cm/sec

93.7": JOINT, 20° dip, open

95.1 - 95.3": Slight weathering

95.1 - 95.8": Very close joint spacing
95.1": JOINT, 30° dip, open

95.1 - 95.2": Core loss

95.2": JOINT, 30° dip, open

95.3 - 104.3": Fresh to very slight weathering
95.5" JOINT, 30° dip, open

95.8 - 100.8": Wide joint spacing
95.8": FOILIATION dipping 0° - 10°
95.9 - 96.0": Core loss

96.1": JOINT, 30° dip, open
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PROJECT NAME _BAD CREEK I

PROJECT NUMBER _10270481

PROJECT LOCATION _SALEM, SOUTH CAROLINA

ol J [a)
I_|Fw |3E3LExsE| ¢
ogE | W 5zpYs> REMARKS
u %'8 58;«@ 88 % DESCRIPTION
=5 | "5 g ¢
nz
100
GRANITIC GNEISS, medium light gray
(N6) to medium gray (N5), hard, medium . - .
- to coarse grained, thinly to thickly foliated, 1882' llg?_'lk_l_'lvgﬂedr.ate.ly cg)ose:stgoclose joint spacing
trace to few feldspar augen (0.4 - 2.2 cm), o Ipping U -
= E trace hornblende (0.2 - 2.7 cm), trace
I epidote, trace garnet (0.2 to 0.6 cm), with
B i interlayered quartz-, feldspar-, potassium 102.7": JOINT, 20° dip
RC - 96 | 80 feldspar-, hornblende- pegmatite, spaced 102.8" JOINT, 30° dip
14 close to moderately close, very light gray 102.85 - 103.35": SAMPLE B-21-1-1T, Splitting
B N (N8), very hard, coarse to very coarse Tensile Test, TS= 1,410 psi
105 grained, 0.1' - 0.4' thick (continued) 103.35 - 104.0": SAMPLE B-21-1-2C, UCS, uw=
100.8 - 105.8'": Thickly foliated 166 pcf, ucs= 17,412 psi
104.3 - 109.1": Very close to close joint spacing
B i 104.3 - 105.8" Very slight to slight weathering
104.5 - 104.7": Core loss
104.6" JOINT, 0° dip, closed
B N 105.3" JOINT, 0° dip, closed
105.5" JOINT, 10° dip, open
B 1l =c 105.8 - 135.8": Fresh to very slight weathering
e 100 | 100 105.8: FOLIATION dipping 10° - 20°
B _ 106.6": FOLIATION JOINT, 20° dip, closed
107.1": FOLIATION JOINT, 10° dip, closed
110 107.9": FOLIATION JOINT, 20° dip, closed
B . . . 109.1 - 250.8": Very wide joint spacing
110.1 - 125.8": Medium grained 110.1" FOLIATION dipping 10° - 25°
[ ]| re- 100 | 100
16
115
[ ]| re- 100 | 100
17
120
B . 121.9 - 122.35" SAMPLE B-21-1-3T, Splitting
Tensile Test, TS= 1,650 psi
[ ]| FRe- 100 | 100
18
125
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PROJECT NAME _BAD CREEK I

PROJECT NUMBER _10270481

PROJECT LOCATION _SALEM, SOUTH CAROLINA

REMARKS

T25.0 - 125.5° SAMPLE B-ZT-1T-4C, UCS, uw= 166

130.8": FOLIATION dipping 0° - 20°

135.8": FOLIATION dipping 20° - 30°
135.8" End of day (04/08/2021); Depth to water 24.40'
below ground surface, casing at 37.5' below ground

145.8": FOLIATION dipping 15° - 30°

146.2 - 146.8": SAMPLE B-21-1-5CM (UCS/EM),

uw= 168 pcf, ucs= 20,681 psi, em=3.24E+06 psi, PR=
0.21, at the low stress range (2,100-7,600 psi)

ol J [a)
|j_: i w [ZES|LEXE| O
nE|uWg 552pY8s|
m %'8 0—018; w8 0:8 5 DESCRIPTION
=5 | "5 g ¢
nz
125
GRANITIC GNEISS, medium light gray "
(NB) to medium gray (N5), hard, medium pcf, ucs= 23,733 psi
B T to coarse grained, thinly to thickly foliated,
trace to few feldspar augen (0.4 - 2.2 cm),
= E trace hornblende (0.2 - 2.7 cm), trace
I epidote, trace garnet (0.2 to 0.6 cm), with
| i interlayered quartz-, feldspar-, potassium
RC - 100 | 100 feldspar-, hornblende- pegmatite, spaced
19 close to moderately close, very light gray
B T (N8), very hard, coarse to very coarse
130 grained, 0.1' - 0.4' thick (continued)
[ ]| Re- 100 | 100
20
135
] surface (04/09/2021)
135.8 - 180.8": Fresh weathering
RC - 100 | 100
21
140
[ ]| FRe- 100 | 100
22
145
[ ]| Fre- 100 | 100
23
150 149.5 - 156.0": FOLDING

Page 6



NORTH CAROLINA BORING LOG-NO WELL COLUMN - GINT STD US LAB.GDT - 4/6/22 11:08 - C:\PWWORKING\EAST01\D2014647\BADCREEKII_GEOTECHNICAL_GINT.GPJ

440 S. Church Street, Suite 900
Charlotte, NC 28202-2075
Phone: 704-338-6700
hdrinc.com/follow-us

CLIENT _DUKE ENERGY

BORING NUMBER B-21-1

PAGE 7 OF 11

PROJECT NAME _BAD CREEK I

PROJECT NUMBER _10270481

PROJECT LOCATION _SALEM, SOUTH CAROLINA

ouw| J [a)
I_|Fw |3E3LExsE| ¢
ogE | W 5zpYs> REMARKS
u %'8 0-018; w§ 88 % DESCRIPTION
=5 | "5 g ¢
nz
150
GRANITIC GNEISS, medium light gray
(N6) to medium gray (N5), hard, medium . - R R
- to coarse grained, thinly to thickly foliated, 150.8": FOLIATION dipping 30° - 60
trace to few feldspar augen (0.4 - 2.2 cm),
= E trace hornblende (0.2 - 2.7 cm), trace
I epidote, trace garnet (0.2 to 0.6 cm), with
| i interlayered quartz-, feldspar-, potassium
RC - 100 | 100 feldspar-, hornblende- pegmatite, spaced
24 close to moderately close, very light gray
B T (N8), very hard, coarse to very coarse
155 grained, 0.1' - 0.4' thick (continued)
- - 155.8": FOLIATION dipping 20° - 30°
[ ]| Re- 100 | 100
25
160
- - 160.8": FOLIATION dipping 30° - 40°
[ ]| Fre- 98 | 98
26
165
- - 165.8": FOLIATION dipping 20° - 30°
[ ]| Re- 100 | 100
27
170
- - 170.8": FOLIATION dipping 10° - 20°
[ ]| Re- 100 | 100
28
174.2 - 174.9": SAMPLE B-21-1-6C, UCS, uw=168
175 pcf, ucs= 17,884 psi
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CLIENT _DUKE ENERGY PROJECT NAME _BAD CREEK I
PROJECT NUMBER _10270481 PROJECT LOCATION _SALEM, SOUTH CAROLINA
ouw| J [a)
I_|Fw |3E3LExsE| ¢
S SIPY 6> REMARKS
u %'8 0-018; w§ 88 % DESCRIPTION
=5 | "5 g ¢
nz
175 .
GRANITIC GNEISS, medium light gray T724.9 - 175.35" SAMPLE B-ZT-1-7T, Spiitting
(N6) to medium gray (N5), hard, medium Tensile Test, TS= 1,590 psi .
- to coarse grained, thinly to thickly foliated, 175.8" End of day (04/09/2021); Depth to water 25.50
trace to few feldspar augen (0.4 - 2.2 cm), below ground surface, casing at 37.5' below ground
. trace hornblende (0.2 - 2.7 cm), trace surface (04/12/2021)
I epidote, trace garnet (0.2 to 0.6 cm), with
| i interlayered quartz-, feldspar-, potassium
RC - 100 | 100 feldspar-, hornblende- pegmatite, spaced
29 close to moderately close, very light gray
B T (N8), very hard, coarse to very coarse
180 grained, 0.1' - 0.4' thick (continued)
- B 180.8 - 185.8": Very slight weathering
180.8": FOLIATION dipping 20° - 30°
B | 181.5 - 182.2" FOLDING
B 11 rc- 100 | 100 183.0 - 184.0": JOINT, healed with potassium
30 feldspar, 65° - 70° dip
185 184.6": FAULT ZONE , 60° dip, brecciation of feldspar
and quartz grains, biotite-epidote-garnet in matrix,
chlorite and calcite on fault planes, foliation planes
B N offset, NE strike/ NW dip
184.9 - 194.0": Potassium feldspar
B _ 185.8": FOLIATION dipping 10° - 30°
185.8 - 190.8": Fresh to very slight weathering
[ ]| Re- 100 | 100
31
B N 189.0 - 189.4": JOINT, healed with potassium
190 feldspar, 30° - 35° dip
- - 190.8": FOLIATION dipping 10° - 20°
190.8 - 200.8": Fresh weathering
B | 190.8 - 191.8": FOLDING
[ ]| re- 100 | 100
32
195
- - 195.8": FOLIATION dipping 10° - 20°
[ ]| Re- 100 | 100
33
200
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CLIENT _DUKE ENERGY PROJECT NAME _BAD CREEK I
PROJECT NUMBER _10270481 PROJECT LOCATION _SALEM, SOUTH CAROLINA
ol J [a)
I_|Fw |3E3LExsE| ¢
S SIPY 6> REMARKS
u %'8 58;«@ 88 % DESCRIPTION
2| |4 EE
200
GRANITIC GNEISS, medium light gray
(N6) to medium gray (N5), hard, medium . . .
- to coarse grained, thinly to thickly foliated, 200.8 - 205.8" Fresh to very slight weathering
trace to few feldspar augen (0.4 - 2.2 cm),
- B trace hornblende (0.2 - 2.7 cm), trace 201.8 - 202.3": FAULT ZONE, 70° dip, brecciation of
| epidote, trace garnet (0.2 to 0.6 cm), with quartz, potassium feldspar, and plagioclae in matrix,
B i interlayered quartz-, feldspar-, potassium chlorite on fault planes, foliation planes offset, NE
RC - 100 | 100 feldspar-, hornblende- pegmatite, spaced stike/ NW dip
34 close to moderately close, very light gray
B T (N8), very hard, coarse to very coarse
grained, 0.1' - 0.4' thick (continued)
205
- - 205.8'": FOLIATION dipping 10° - 15°
205.8 - 250.8": Fresh weathering
[ ]| FRe- 100 | 100
35
210
- 210.8 - 235.8" Few to little feldspar augen 210.8': FOLIATION dipping 0° - 10°
(0.7-2.2cm) 210.8": End of day (04/12/2021); Depth to water 25.00'
| i below ground surface, casing at 37.5' below ground
surface (04/13/2021)
212.3-212.9" SAMPLE B-21-1-8C, UCS, uw=169
B Al Rrc- 100 | 100 pcf, ucs= 20,886 psi o )
36 212.9 - 213.3": SAMPLE B-21-1-9T, Splitting Tensile
B i Test, TS= 1,520 psi
215
216.3" JOINT, healed with potassium feldspar and
B i chlorite, 70° dip
[ ]| FRe- 100 | 100
37
220
[ ]| Fre- 100 | 100
38
225
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CLIENT _DUKE ENERGY PROJECT NAME _BAD CREEK I
PROJECT NUMBER _10270481 PROJECT LOCATION _SALEM, SOUTH CAROLINA
ol J [a)
I_|Fw |3E3LExsE| ¢
S SIPY 6> REMARKS
u %'8 0-018; w§ 88 % DESCRIPTION
22| | % |8
225
GRANITIC GNEISS, medium light gray
(N6) to medium gray (N5), hard, medium . - R R
- to coarse grained, thinly to thickly foliated, %ggg EOLIATIO'\:‘ cliljpplng 10°-20
trace to few feldspar augen (0.4 - 2.2 cm), 2" Potassium feldspar
= E trace hornblende (0.2 - 2.7 cm), trace
I epidote, trace garnet (0.2 to 0.6 cm), with
| i interlayered quartz-, feldspar-, potassium
RC - 100 | 100 feldspar-, hornblende- pegmatite, spaced
39 close to moderately close, very light gray
B T (N8), very hard, coarse to very coarse
230 grained, 0.1' - 0.4' thick (continued)
231.4 - 231.95": SAMPLE B-21-1-10CM (UCS/EM),
- B uw= 168 pcf, ucs= 19,967 psi, em= 3.43E+06 psi,
PR= 0.24 at the low stress range (2,000-7,300 psi)
[ ]| re- 100 | 100
40
234.2": FOLDING
235
[ ]| Re- 100 | 100
41
240
[ ]| Fre- 100 | 100 |243.5
| 2441 QUARTZFELDSPAR GNEISS, very light
gray (N8), very hard, coarse to very
245 coarse grained, very thinly foliated ’V
GRANITIC GNEISS, medium light gray
(N6) to medium gray (N5), very hard,
- B medium to coarse grained, thinly to thickly
foliated, trace to few feldspar augens (0.8
B i - 2.0 cm), trace hornblende (0.2 - 0.6 cm),
trace epidote, with interlayered quartz-,
feldspar-, potassium feldspar-, horblende-
B 1l re- 100 | 100 pegmatite, spaced close to very close,
43 very light gray (N8), very hard, coarse to
- B very coarse grained, 0.1' - 0.4' thick
250 249.3 - 249.5": Potassium feldspar
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CLIENT _DUKE ENERGY

BORING NUMBER B-21-1

PAGE 11 OF 11

PROJECT NAME _BAD CREEK I

PROJECT NUMBER _10270481

PROJECT LOCATION _SALEM, SOUTH CAROLINA

EC EI'JIJ %EBSEéﬁ § REMARKS
0 E %'8 $§§"’§8§ X DESCRIPTION
250 32 g

I 250.8

Coring termianted at 250.8 feet below
ground surface

Bottom of borehole at 250.8 feet.

250.6": End of day; Depth to water 22.40" below
ground surface, casing at 37.5' below ground surface
(04/14/2021); Depth to water 25.58' below ground
surface, casing at 37.5' below ground surface
(04/15/2021)
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Volume 8: Geotechnial Studies — Appendix B I_)?
Bad Creek Il Power Complex Feasibility Study

Photograph 1. B-21-2:SS-1  Depth: 0.3-1.2 ft Date: 04/06/21

Photograph 2. B-21-2:SS-2  Depth: 3.1-3.4 ft Date: 04/06/21
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Volume 8: Geotechnial Studies — Appendix B I_)?
Bad Creek Il Power Complex Feasibility Study

Photograph 3. B-21-2:S5S-3  Depth: 8.1-9.0 ft Date: 04/06/21

Photograph 4. B-21-1: Box 1 of 16 Depth: 37.5-50.8 ft Date: 04/07/21
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Volume 8: Geotechnial Studies — Appendix B I_)?
Bad Creek Il Power Complex Feasibility Study

Photograph 5. B-21-1: Box 2 of 16 Depth: 50.8-64.8 ft Date: 04/07/21

Photograph 6. B-21-1: Box 3 of 16 Depth: 64.8-78.2 ft Date: 04/07/21
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Volume 8: Geotechnial Studies — Appendix B I_)?
Bad Creek Il Power Complex Feasibility Study

Photograph 7. B-21-1: Box 4 of 16 Depth: 78.2-90.8 ft ft Date: 04/08/21

Photograph 8. B-21-1: Box 5 of 16 Depth: 90.8-105.8 ft  Date: 04/08/21
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Volume 8: Geotechnial Studies — Appendix B I_)?
Bad Creek Il Power Complex Feasibility Study

Photograph 9. B-21-1: Box 6 of 16 Depth: 105.8-119.6 ft Date: 04/08/21

Photograph 10. B-21-1: Box 7 of 16 Depth: 119.6-133.6 ft Date: 04/08/21
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Volume 8: Geotechnial Studies — Appendix B I_)?
Bad Creek Il Power Complex Feasibility Study

Photograph 11. B-21-1: Box 8 of 16 Depth: 133.6-147.9 ft Date: 04/09/21

Photograph 12. B-21-1: Box 9 of 16 Depth: 147.9-160.8 ft Date: 04/09/21
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Volume 8: Geotechnial Studies — Appendix B I_)?
Bad Creek Il Power Complex Feasibility Study

Photograph 13. B-21-1: Box 10 of 16  Depth: 160.8-175.8 ft Date: 04/09/21

Photograph 14. B-21-1: Box 11 of 16  Depth: 175.8-190.8 ft Date: 04/12/21
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Volume 8: Geotechnial Studies — Appendix B I_)?
Bad Creek Il Power Complex Feasibility Study

Photograph 15. B-21-1: Box 12 of 16  Depth: 190.8-205.8 ft Date: 04/12/21

Photograph 16. B-21-1: Box 13 of 16 ~ Depth: 205.1-219.5 ft Date: 04/13/21
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Volume 8: Geotechnial Studies — Appendix B I_)?
Bad Creek Il Power Complex Feasibility Study

Photograph 17. B-21-1: Box 14 of 16  Depth: 219.5-234.0 ft Date: 04/13/21

Photograph 18. B-21-1: Box 15 0f 16  Depth: 234.0-248.4 ft Date: 04/13/21
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Volume 8: Geotechnial Studies — Appendix B I_)?
Bad Creek Il Power Complex Feasibility Study

Photograph 19. B-21-1: Box 16 of 16  Depth: 248.4-250.8 ft Date: 04/13/21
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440 S. Church Street, Suite 900

Charlotte, NC 28202-

2075

Phone: 704-338-6700

hdrinc.com/follow-us

CLIENT _DUKE ENERGY

BORING NUMBER B-21-2

PAGE 1 OF 13

PROJECT NAME _BAD CREEK I

PROJECT NUMBER _10270481

PROJECT LOCATION _SALEM, SOUTH CAROLINA

DATE STARTED _4/20/21

DRILLING CONTRACTOR _S&ME, Inc.

COMPLETED _5/13/21
NORTHING _TBD

DRILLING METHOD _HSA, TMR, HQ Core

GROUND ELEVATION _TBD

HOLE SIZE(S) _3.782 inches

EASTING _TBD

LOGGED BY _N. Yacobi/ J. Ruffing

GROUND WATER LEVELS:

CHECKED BY _N. Yacobi/C. Gruenbél§ DATE/TIME 4/19/2021 34.65 ft Before grouting

NOTES Y DATETIVME -
ouw| J [a)
ol [3E3kgsE| ¢
ox | W ow
=29 (2336523 x DESCRIPTION REMARKS
° 1251 °2 8 gl 8
EL EOE| R
ot Well Graded SAND with SILT and U Hollow Stem Auger
) -1 GRAVEL (SW-SM), dark gray (5Y 4/1), " _ - = -
B ANSS-Y @ |11 medium dense, dry, fine to coarse grained ﬁm%igg_%’&%ri&'{ -, PL=NP, PI=NP,
SAND, (FILL) i :
I
B 7] 33 _
Poorly Graded SAND with SILT and
= - GRAVEL (SP-SM), dark gray (5Y 4/1),
dense, dry, fine to coarse grained SAND,
5 (FILL)
5.0": USCS=SP-SM, LL= --, PL=NP, PI=NP,
ss.2 32@8;17 NMC=4.3, %200=8.6
- - - 9
] 5 ___|
B N Clayey SAND (SC), yellowish red (5YR
4/6), loose, low plasticity, moist, fine to
medium grained SAND, (SAPROLITE) 8.5': USCS=SC, LL=33, PL=22, PI=11, NMC=19.2,
B n ss.3 72354 %200=46.5
- 18
10
n"e__ __ _
B - Silty SAND (SM), yellowish red (5YR 4/6),
loose, low plasticity, moist, fine to medium
B i grained SAND, (SAPROLITE)
13.5'": USCS=SM, LL=30, PL=25, PI=5, NMC=16.7,
B n ss.4 2@53 %200=33.3
- 12
15
18.5": Brown (10YR 4/3) 18.5": USCS=SM, LL= --, PL=NP, PI=NP,
B n ss.5 3354 NMC=15.1, %200=23.0
- 16
20
23.5" Yellowish red (5YR 6/6) 23.5": USCS=SM, LL=32, PL=27, PI=5, NMC=20.9,
B ] ss-6 3(3;5 19 %200=35.8
25

Page 22




NORTH CAROLINA BORING LOG-NO WELL COLUMN - GINT STD US LAB.GDT - 4/6/22 11:16 - C:\PWWORKING\EAST01\D2014647\BADCREEKII_GEOTECHNICAL_GINT.GPJ

440 S. Church Street, Suite 900

Charlotte, NC 28202-2075
Phone: 704-338-6700
hdrinc.com/follow-us

CLIENT _DUKE ENERGY

PROJECT NUMBER _10270481

BORING NUMBER B-21-2

PAGE 2 OF 13

PROJECT NAME _BAD CREEK I

PROJECT LOCATION

SALEM, SOUTH CAROLINA

E é o £ i Zo
I_|Fw |3E3LExsE| ¢
ox | W ow
s 29 (2335175 § x DESCRIPTION REMARKS
=S| ©°g g o
5
Silty SAND (SM), yellowish red (5YR 4/6),
loose, low plasticity, moist, fine to medium
B N grained SAND, (SAPROLITE) (continued)
I
28.5": Yellowish brown (10YR 5/4), medium 28.5': USCS=SM, LL= -, PL=NP, PI=NP,
B 7] ss.7 6(—151—§5 18 dense, dry NMC=14.4, %200=22.8
30
30': End of day (4/20/21)
30.1": Switch to mud rotary
33.5" Fine to medium SAND, trace coarse 33.5": USCS=SM, LL= -, PL=NP, PI=NP,
B n ss.8 6@-21)4 14 GRAVEL NMC=22.5, %200=20.7
35
B n 4-6-9
40 S§S-9| (15) |12
B n SS- | 6-8-11
45 10 (19 |14
48.5": USCS=SM, LL= --, PL=NP, PI=NP,
B V| ss- | 469 NMC=26.4, %200=22.9
50 11 (15 113
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440 S. Church Street, Suite 900
Charlotte, NC 28202-2075
Phone: 704-338-6700

hdrinc.com/follow-us

CLIENT _DUKE ENERGY

BORING NUMBER B-21-2

PAGE 3 OF 13

PROJECT NAME _BAD CREEK I

PROJECT NUMBER _10270481

PROJECT LOCATION _SALEM, SOUTH CAROLINA

05 g ¥
x ow| I > o
I_|Fw |3E3LExsE| ¢
og | W 5zpYs> REMARKS
w= 79 @8> w§ 88 % DESCRIPTION
=5 | °gl g gl ¢
nz oz e
50
Silty SAND (SM), yellowish red (5YR 4/6),
loose, low plasticity, moist, fine to medium
B N grained SAND, (SAPROLITE) (continued)
|_ ] 52.0": Grayish brown (10YR 5/2), dense,
moist, poorly graded
53.5": USCS=SM, LL= --, PL=NP, PI=NP,
B V| ss- | 11-18-24 NMC=20.4, %200=25.6
55 12 “42) 112
6.8 _ _ _ _ _ _ __
B - Silty SAND with GRAVEL (SM), grayish
brown (10YR 5/2), very dense, moist to
| | wet, fine to coarse SAND, fine to coarse
GRAVEL, round to angular, (PWR)
SS- |_505" 58.5": USCS=SM, LL= --, PL=NP, PI=NP,
§ BREE! L3 NMC=17.5, %200=24.0
60
] 61.5 _ .
GRANITIC GNEISS, light gray (N6) to HW casing advanced to 61.4
[~ 7] medium dark gray (N4), moderately hard, 61.45" Startl HQ coring )
fine to very coarse grained, thickly 61.45 - _66.5 : M_oderate weathering, close to very
- - foliated, trace to few reddish brown closg joint spacing . o
garnets, with interlayered quartz-, 62.2": FOLIATION JOINT, 30° dip, open, Fe staining
| ||rc-1 100 | 86 feldspar-, potassium feldspar-, 63 FOLIATION JOINT, 40° dip, open, Fe staining
hornblende- pegmatites, spaced close to 63.8": FOLIATION JOINT, 10° dip, open, Fe staining
65 moderately close, pinkish light gray (5YR 64.5 - 70.0": PACKER TEST 10: k=3.8E-05 cm/sec
8/1) to very light gray (NB)’ very hard, 64.6": FOLIATION JOINT, 10° dip, open, Fe staining
coarse to very coarse grained, 0.1' - 0.4' 65.3": FOLIATION JOINT, 20° dip, open, Fe staining
B . thick ), o g .
. 66" FOLIATION JOINT, 30° dip, open, Fe staining
65.8 - 75.8" Hard to very hard 66.5 - 75.8": Slight weathering, close to moderately
B T close joint spacing
B | 100 | 97
70
70.5 - 76.0": PACKER TEST 9: k=1.2E-05 cm/sec
72.2": FOLIATION JOINT, 10° dip, open
RC-3 100 | 88 73.2": FOLATION JOINT, 10° dip, closed, Fe staining
| | 73.6" FOLIATION JOINT, 10° dip, closed, Fe staining
74" FOLIATION JOINT, 25° dip, closed, Fe staining
75 74.2": FOLIATION JOINT, 30° dip, closed, Fe staining
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CLIENT _DUKE ENERGY

BORING NUMBER B-21-2

PAGE 4 OF 13

PROJECT NAME _BAD CREEK I

PROJECT NUMBER _10270481

PROJECT LOCATION _SALEM, SOUTH CAROLINA

w3 g ¥ =
o onw| I . >=| o
ol [3E3kgsE| ¢
ox | W ow
=29 (2336523 x DESCRIPTION REMARKS
= s Ooz| o 0| Q
20 R T
n= x|
75 . .
GRANITIC GNEISS, light gray (N6) to /4.4 FOLIATION JOINT, 207 dip, open
medium dark gray (N4), moderately hard, . .
B T fine to very coarse grained, thickly 758-76.2 .'.Mo_derate weathering .
foliated, trace to few reddish brown 75.8-102.2": Wide to very wide joint spacing
| i garnets’ with interlayered quartz- 75.9": FOLIATION JOINT, 10° dip, open, Fe staining
> f 7 76" FOLIATION JOINT, 25° dip, open, Fe staining
I feldspar-, potassium feldspar-, 76.2 - 89 3" Fresh lioh heri
— hornblende- pegmatites, spaced close to 762" EOLI ATT%SN .tJC())ISI\Ilgl' ts\goe?jt_ ering Fe staini
RC-4 98 | 91 moderately close, pinkish light gray (5YR 780" FOLIATION dioping, 50° ip, open, Fe staining
8/1) to very light gray (N8), very hard, R Ipping
B T coarse to very coarse grained, 0.1' - 0.4’
80 thick (continued)
75.8 - 76.2": Moderately hard
76.2 - 88.8": Hard to very hard
B 7] 81.0 - 81.8": FOLDING
82.4": FOLIATION dipping 20°
B | 100 | 100
85
85.5 - 91.0": PACKER TEST 8: k=1.2E-04 cm/sec,
B 7] Questionable results
85.8 - 91.0": FOLDING
B | 97 | 96
RC-6 88.8
B 7] 89.3 QUARTZ-FELDSPAR GNEISS, white (N8),
90 to yellowish gray (5Y 8/1), very hard, 89.3 - 90.1": Slight weathering
goarse to very coarse, trace potassium 90": JOINT, 40° dip, open, Fe staining
P - 90.1 - 102.2": Fresh to very slight weathering
B B GRANITIC GNEISS, light gray (N6) to
medium dark gray (N4), hard, fine to very
coarse grained, thickly foliated, trace
B 7] feldspar augen (up to 3 cm), trace
hornblende (up to 1 cm), trace reddish
- b brown garnets (0.1 - 0.4 cm), with
RC-7 9 | 95 interlayered quartz-, feldspar-, potassium
B i feldspar-, hornblende- pegmatites, spaced
close to moderately close, pinkish light ) o . .
95 gray (5YR 8/1) to very light gray (N8), very 94.5": FOLIATION dipping 10° - 20
hard, coarse to very coarse grained, 0.1' -
0.4' thick
B | 100 | 100
B ] 98.6": FOLIATION dipping 20° - 30°
100 99.5 - 105.0": PACKER TEST 7: k=1.7E-06 cm/sec
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BORING NUMBER B-21-2

PAGE 5 OF 13

CLIENT _DUKE ENERGY PROJECT NAME _BAD CREEK I
PROJECT NUMBER _10270481 PROJECT LOCATION _SALEM, SOUTH CAROLINA

SOIL
RECOVERY (in)
ROCK
RECOVERY %

DESCRIPTION

DEPTH
(ft)
SAMPLE TYPE/
BLOW
COUNTS
(N VALUE)

NO./CORE RUN
ROCK RQD %

100

REMARKS

GRANITIC GNEISS, light gray (N6) to
medium dark gray (N4), hard, fine to very
coarse grained, thickly foliated, trace
feldspar augen (up to 3 cm), trace

= E hornblende (up to 1 cm), trace reddish

brown garnets (0.1 - 0.4 cm), with

interlayered quartz-, feldspar-, potassium

RC-9 100 | 93 feldspar-, hornblende- pegmatites, spaced

close to moderately close, pinkish light

gray (5YR 8/1) to very light gray (N8), very
hard, coarse to very coarse grained, 0.1' -

105

0.4' thick (continued)
102.2 - 102.7": Soft
102.7 - 125.8": Hard to very hard

RC - 100 | 97
10

110

RC - 100 | 100
11

115

RC - 100 | 83
12

120

RC - 96 | 96
13

125

100.8" End of day (4/22/21)

102.2 - 102.7": Moderate weathering, close to very
close joint spacing

102.2": Multiple JOINTS, 0 - 20° dip, open, Fe
staining, highly fractured

102.7 - 117.6": Fresh weathering, very wide joint
spacing

103.5": FOLIATION JOINT, 40° dip, open

103.8": FOLIATION dipping at 20° - 30°

105.8 - 106.25": SAMPLE B-21-2-1T, Splitting
Tensile Test, TS= 1,620 psi

106.25 - 106.75": SAMPLE B-21-2-2C, UCS,
uw=168 pcf, ucs= 19,973 psi

112.4": FOLIATION dipping 20° - 30°

115.5 - 121.0": PACKER TEST 6: k=1.5E-06
cm/sec, Questionable results

117.0": FOLIATION dipping 20° - 30°

117.6" JOINT, 10° dip, open, Fe staining

117.6 - 121.0": Moderate weathering, close joint
spacing

118" FOLIATION JOINT, 20° dip, tight, Fe staining
118.1": FOLIATION JOINT, 20° dip, tight, Fe staining
118.3" JOINT, 10° dip, tight, Fe staining

118.7": FOLIATION JOINT, 20° dip, tight, Fe staining
119" FOLIATION JOINT, 10° dip, tight, Fe staining
119.4": FOLIATION JOINT, 5° dip, open, Fe staining
120.8": JOINT, 10° dip, open, Fe staining

121.0 - 143.9": Fresh weathering

121.0 - 144.2": Very wide joint spacing

121.2": FOLIATION JOINT, 10° dip, tight, Fe staining
122.2": FOLIATION dipping 30° - 40°

123.4 - 128.9": PACKER TEST 5: k=2.7E-06

cm/sec, Questionable results
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CLIENT _DUKE ENERGY PROJECT NAME _BAD CREEK II
PROJECT NUMBER _10270481 PROJECT LOCATION _SALEM, SOUTH CAROLINA
ol J a
I_|Fw |3E3LExsE| ¢
S SIPY 6> REMARKS
u %'8 0-018; w§ 88 % DESCRIPTION
=5 | °% g g2
nz
125
GRANITIC GNEISS, light gray (N6) to
medium dark gray (N4), hard, fine to very
B T coarse grained, thickly foliated, trace
feldspar augen (up to 3 cm), trace
= E hornblende (up to 1 cm), trace reddish
I brown garnets (0.1 - 0.4 cm), with
| i interlayered quartz-, feldspar-, potassium 127.8": FOLIATION dipping 20° - 30°
RC - 100 | 100 feldspar-, hornblende- pegmatites, spaced
14 close to moderately close, pinkish light
B T gray (5YR 8/1) to very light gray (N8), very
130 hard, coarse to very coarse grained, 0.1' -
0.4' thick (continued)
125.8 - 130.8": Moderately hard
B 7] 130.8 - 144.2": Hard 130.79": End of day (4/23/21)
130.8": Depth to water 31.44 feet below ground
| i surface
132.21 - 132.65': SAMPLE B-21-2-3CM, (UCS/EM),
| i uw=167 pcf, ucs= 18,760 psi, em= 3.22E+06 psi, PR=
RC - 94 | 94 0.28 at the low stress range (1,900-6,900 psi)
15
135
- - 135.8": FOLIATION dipping 0° - 10°
B 1l re. 100 | 93 137.9": FOLIATION JOINT, 10° dip, open
16
140
[ ]| FRe- 100 | 86
17
B N 143.9 - 147.9": Slight weathering
144.2 - 145.4": Medium hard 143.9 - 148.5": FOLDING
145 144': FOLIATION dipping 10° - 30°
, 144.2": JOINT, 20° dip, open, Fe staining
] 145.4 - 255.8": Hard to very hard 144.2 - 148.4"; Close joint spacing
144.6": JOINT, 10° dip, tight, Fe staining
144.8": JOINT, 10° dip, tight, Fe staining
- ] 145.3": FOLIATION JOINT, 0° dip, open, minor Fe
staining
| ] 145.8": JOINT, 20° dip, open, Fe staining
RC - 100 | 84 146.1": FOLIATION JOINT, 20° dip, open, Fe staining
R 1 146.5': JOINT, 10° dip, open, Fe staining
147': FOLIATION JOINT, 20° dip, tight, Fe staining
150 147.4": JOINT, 20° dip, open, Fe staining
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BORING NUMBER B-21-2
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CLIENT _DUKE ENERGY PROJECT NAME _BAD CREEK I
PROJECT NUMBER _10270481 PROJECT LOCATION _SALEM, SOUTH CAROLINA
E é o £ i Zo
|y (5230838 ¢
s %. S |2 § § 8§ o § x DESCRIPTION REMARKS
=5 | "5 g ¢
150 | P =
GRANITIC GNEISS, light gray (N6) to 147_.2_5 - 149.3': Multiple JOINTS, 107 - 407 dip, Fe
medium dark gray (N4), hard, fine to very staining, highly fractured _
-] coarse grained, thickly foliated, trace 147.9 - 162.5" Fresh weathering o _
feldspar augen (up to 3 cm), trace 148.4'- 168.8": Moderately closoe to close joint spacing
. hornblende (up to 1 cm), trace reddish 149.4": FOLIATION JOINT, 10° dip, open
I brown garnets (0.1 - 0.4 cm), with 149.7 - 154.3: FOLDING
| i interlayered quartz-, feldspar-, potassium
RC - 100 | 93 feldspar-, hornblende- pegmatites, spaced
19 close to moderately close, pinkish light
- gray (5YR 8/1) to very light gray (N8), very 153.9" JOINT, 5° dip, tight
155 har'd, coarse to very coarse grained, 0.1" -
0.4" thick (continued) 155.0": FOLIATION dipping 0° - 10°
| | 155.6": JOINT, 0° dip, tight, minor clay infilling
B 7] 157": FOLIATION dipping 10° - 30°
RZ%- 100 | 98 158.2": FOLIATION JOINT, 30° dip, open, minor Fe
| i staining
158.9 - 159.2": JOINT, 50° dip, tight
160 159.25 - 159.9": SAMPLE B-21-2-4T, Splitting
Tensile Test, TS= 1,780 psi
159.4 - 160.4": SAMPLE B-21-2-5C, UCS, uw=167
= E ) ) pcf, ucs= 18,775 psi
161 - 220.8" Thinly foliated 161'": Potassium feldspar, Fe staining
| | 161.15" JOINT, 20° dip, tight
161.5 - 167.0": PACKER TEST 4: k=2.8E-05 cm/sec
162.1": JOINT, 20° dip, tight
B 1l rc- 100 | 95 162.5 - 168.8": Slight to very slight weathering
21
165 164.7": FOLIATION dipping 20° - 30°
165'": FOLIATION JOINT, 10° dip, tight
= . 165.8" JOINT, 65° dip, open, Fe staining, partial clay
infilling
B | 166.2 - 166.85": SAMPLE B-21-2-6CM, (UCS/EM),
uw= 168 pcf, ucs= 18,161 psi, em= 3.71E+06 psi,
PR= 0.21 at the low stress range (1,800-6,700 psi)
B Al rc- 100 | 87 166.5 - 172.0": PACKER TEST 5a: k=8.7E-05
22 cm/sec
- - 166.6": FOLIATION JOINT, 0° dip, tight
166.9 - 167.3" JOINT, healed with potassium
170 feldspar, 60° dip
167.0 - 172.5": PACKER TEST 3: k=6.4E-05 cm/sec
167.2": FAULT ZONE, 30° dip, brecciation of feldspar
B ] and quartz, chlorite in matrix, chlorite on fault plane, 3
- 5 mm thick
- - 167.7": FOLIATION dipping 0° - 10°
168': JOINT, 70° dip, tight, Fe staining
| i 168.5 - 169.4": Multiple JOINTS, 70° dip, open, highly
RC - 100 | 100 fractured
23 168.8 - 169.4": Very close joint spacing, moderate to
B 7 moderately severe weathering
175 169.4 - 170.8" Close joint spacing, very slight
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CLIENT _DUKE ENERGY PROJECT NAME _BAD CREEK I
PROJECT NUMBER _10270481 PROJECT LOCATION _SALEM, SOUTH CAROLINA
e g # =
14 onw| I . >=| o
I_|Fw |3E3LExsE| ¢
ox | u oy
W= 23 |235Pg£d x DESCRIPTION REMARKS
S ozl 9 O o)
<0 I
Bz ) o
175
GRANITIC GNEISS, light gray (N6) to weathering o o
medium dark gray (N4), hard, fine to very 170" JOINT, 10° dip, tight, Fe staining
B 7] coarse grained, thickly foliated, trace 170-8" 180.1": Wide fracture spacing
feldspar augen (up to 3 cm), trace 173.2": FOLIATION dipping 20° - 30°
. hornblende (up to 1 cm), trace reddish 175.8" FOLIATION dipping 10° - 20
brown garnets (0.1 - 0.4 cm), with
| i interlayered quartz-, feldspar-, potassium
RC - 100 | 100 feldspar-, hornblende- pegmatites, spaced
24 close to moderately close, pinkish light
B T gray (5YR 8/1) to very light gray (N8), very
180 hard, coarse to very coarse grained, 0.1 - 179.5 - 185.0": PACKER TEST 2: k=6.5E-05 cm/sec

0.4' thick (continued) 180.1 - 182.3": Close to very close fracture spacing

- B 180.8 - 181.3": Moderately severe to moderate
weathering

180.8 - 181.3": Core loss

180.8 - 182.3" Multiple JOINTS, 60° dip, open, highly

fractured
B 11 rc- 90 | 77 181.3 - 193.9": Slight to very slight weathering
25 182": FOLIATION JOINT, 20° dip, tight

- B 182.3 - 190.1": Moderately close joint spacing
183.7": FOLIATION JOINT, 20° dip, open, minor Fe
185 staining

185.6" JOINT, 20° dip, tight, Fe staining

187.5-193.0" PACKER TEST 1: k=9.2E-06

RC. cm/sec
% 100 | 96 188'": FOLIATION dipping 20° - 30°

190 189.7": JOINT, 45° dip, tight, Fe staining

190.1 - 192.0": Close to very close joint spacing
190.5" JOINTS, 20° and 60°, open, Fe staining
190.8": FOLIATION JOINT, 30° dip, open, Fe staining

191.6 - 192.0": Multiple JOINTS, 10° - 30° dip, open,
Fe staining, highly fractured

191.9 - 194.5": JOINT, healed with chlorite, 90° dip,
B . i} Fe staining

ch% 97 | 90 192.0 - 228.1": Close to moderately close joint spacing
B _ 192.9": JOINT, 10° dip, tight, Fe staining

193.9 - 201.0": Fresh weathering

195 194.6": JOINT, 5° dip, tight, minor Fe staining
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197.1": JOINT, 30° dip, open

Re- 99 | 99 198" FOLIATION dipping 20° - 30°
- - 198.9: JOINT, 0° dip

200
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BORING NUMBER B-21-2

PAGE 9 OF 13

CLIENT _DUKE ENERGY PROJECT NAME _BAD CREEK I
PROJECT NUMBER _10270481 PROJECT LOCATION _SALEM, SOUTH CAROLINA

SOIL
RECOVERY (in)
ROCK
RECOVERY %

DESCRIPTION

DEPTH
(ft)
SAMPLE TYPE/
BLOW
COUNTS
(N VALUE)

NO./CORE RUN
ROCK RQD %

200

REMARKS

GRANITIC GNEISS, light gray (N6) to
medium dark gray (N4), hard, fine to very
coarse grained, thickly foliated, trace
feldspar augen (up to 3 cm), trace

= E hornblende (up to 1 cm), trace reddish

brown garnets (0.1 - 0.4 cm), with

interlayered quartz-, feldspar-, potassium

RC - 100 | 96 feldspar-, hornblende- pegmatites, spaced

29 close to moderately close, pinkish light
gray (5YR 8/1) to very light gray (N8), very
hard, coarse to very coarse grained, 0.1' -

205

0.4' thick (continued)

RC- 98 | 94
30

210

RC - 100 | 90
31

215

RC - 100 | 100
32

220

- N 220.8 - 258.7": Medium gray (N5), thickly
foliated

RC- 100 | 86
33

225

799.9" JOINT, 10" dip, calcite and Fe staining
200.4": JOINT, 30° dip, open

200.8": JOINT, 30° dip, open, trace Fe staining
200.9": FOLIATION dipping 20° - 30°

201.0 - 202.2": Slight to very slight weathering
201.3" JOINT, 30° dip, open

201.6" JOINT, 0° dip, open

202.2 - 207.7": Fresh weathering

203.2 - 203.5": SHEAR ZONE, 30° dip, mylonitic,
porphyroclasts of feldspar-quartz-biotite in the matrix,
anastomosing planes

205': FOLIATION dipping 20° - 30°

206.5 - 206.7": SHEAR ZONE, 10° dip, mylonitic,
porphyroclasts of plagioclase and quartz

207.4": JOINT, 10° dip, minor Fe staining

207.7 - 228.1": Slight weathering

207.7 - 210.4": JOINT, partially healed with chlorite
and calcite, 90° dip

207.8": JOINT, 10° dip, open, minor Fe staining
208.4 - 217.6": Trace potassium feldspar

208.6" JOINT, 0° dip, tight, Fe staining

208.7": JOINT, 10° dip, open, minor Fe staining

211.7 - 212.2": JOINT, healed with calcite and chlorite
(1 - 2 mm thick), 70° dip, Fe staining

212.3" JOINT, 20°, open

212.3 - 212.7": JOINT, healed with calcite and chlorite
(1 - 2 mm thick), 70° dip, Fe staining

212.7": FOLIATION dipping 10° - 20°

212.8 - 213.3": HEALED JOINT with calcite and
chlorite (1 - 2 mm thick), 70° dip, Fe staining

213.3" JOINT, 20° dip, open with crushed rock, highly
fractured

213.3 - 213.7": JOINT, healed with calcite and
potassium feldspar (1 - 2 mm thick), 70° dip

213.3 - 213.5": JOINT, healed with calcite and chlorite
(1 - 2 mm thick), 70°, Fe staining

214.3": JOINT, 10° dip, tight

214 .4 - 214.8" JOINT, healed with calcite and chlorite
(1 - 2 mm thick), 70° dip

215.2": JOINT, 10° dip, tight

215.3 - 215.8": FAULT ZONE , 60° dip, brecciated (0.5
- 1.0 cm thick), quartz and potassium feldspar in a
quartz-chlorite-calcite matrix, quartz and calcite on
fault planes

215.7": JOINT, 10° dip, open, calcite infilling

215.8" End of day (4/27/21), water 31.7' below ground
surface

216.9": FOLIATOIN JOINT, 20° dip, tight, biotite
discolored

217.1": FOLIATION dipping 10° - 20°

217.2 - 217.9":SAMPLE B-21-2-7T, Splitting Tensile
Test, TS= 1,510 psi

219.4": JOINT, 50° dip, tight, minor calcite
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CLIENT _DUKE ENERGY

PROJECT NUMBER _10270481

BORING NUMB

PROJECT NAME _BAD CREEK I

ER B-21-2

PAGE 10 OF 13

PROJECT LOCATION _SALEM, SOUTH CAROLINA

REMARKS

2719.9 - 220.4"SANMPLE B-Z1-2-8C,
220.4": JOINT, 20° dip, tight, calcite

223.3 - 224.3" JOINTS, 70° dip, witl

UCS, uw=1638

221.7": FOLIATION dipping 20° - 30°

h cross cutting

joints at 0° (1 - 2 mm wide), druzy quartz and minor
calcite, Fe staining and calcite at 224.2'
225.0": JOINT, healed with calcite (1 - 2 mm thick),

225.6" JOINT, healed with calcite (1 - 2 mm thick),

225.8" JOINT, 60° dip, partially open
226.3" JOINT, 30° dip, epidote, chlorite, clay infilling
226.4": JOINT, 60° dip, open, epidote, chlorite, and

227.3": FOLIATION dipping 10° - 20°
228.1": FOLIATION JOINT dip, 10° - 20°, open, minor

228.1 - 300.8": Fresh weathering, very wide joint

238.0 - 238.55": SAMPLE B-21-2-9T, Splitting
238.55 - 239.1": SAMPLE B-21-2-10C, UCS,

247.7": FOLIATION dipping 30° - 40°

o2 —~ Q <
Hﬁ 2 w@| 3 i Z
= Fw |ZED|LZIxx| g
oE|w o%jaggg x
m %'8 0—68; w8 0:8 5 DESCRIPTION
22| | % |8
225
GRANITIC GNEISS, light gray (N6) to -
medium dark gray (N4), hard, fine to very pcf, ucs= 18,747 psi
B T coarse grained, thickly foliated, trace
feldspar augen (up to 3 cm), trace
= E hornblende (up to 1 cm), trace reddish
I brown garnets (0.1 - 0.4 cm), with
| i interlayered quartz-, feldspar-, potassium
RC - 100 | 96 feldspar-, hornblende- pegmatites, spaced 2.9
34 close to moderately close, pinkish light 60° dip,
B T gray (5YR 8/1) to very light gray (N8), very 2-0
230 hard, coarse to very coarse grained, 0.1' - 60° dip
0.4' thick (continued)
B 7] calcite
chlorite
[ || Re- 100 | 100 spacing
| | 35 231.6 - 244.3": FOLDING
235
- ]| rec-
36 100 | 100 Tensile Test, TS= 1,240 psi
uw=166 pcf, ucs= 22,699 psi
240
[ ]| FRe- 100 | 100
37
245
[ ]| Fre- 100 | 100
38
250
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CLIENT _DUKE ENERGY

BORING NUMBER B-21-2

PAGE 11 OF 13

PROJECT NAME _BAD CREEK I

PROJECT NUMBER _10270481

PROJECT LOCATION _SALEM, SOUTH CAROLINA

DEPTH
(ft)
SAMPLE TYPE/
NO./CORE RUN
BLOW
COUNTS
(N VALUE)
SOIL
RECOVERY (in)
ROCK
RECOVERY %
ROCK RQD %

250

DESCRIPTION

REMARKS

RC -
39

100 | 100

255

RC - 100 | 94
rs 258.7

256.2
.

GRANITIC GNEISS, light gray (N6) to
medium dark gray (N4), hard, fine to very
coarse grained, thickly foliated, trace
feldspar augen (up to 3 cm), trace
hornblende (up to 1 cm), trace reddish
brown garnets (0.1 - 0.4 cm), with
interlayered quartz-, feldspar-, potassium
feldspar-, hornblende- pegmatites, spaced
close to moderately close, pinkish light
gray (5YR 8/1) to very light gray (N8), very
hard, coarse to very coarse grained, 0.1' -
0.4' thick (continued)

255.8 - 256.2": Medium hard, thickly foliated |

257.0
1

BIOTITE SCHIST, black (N1), medium
hard, medium to coarse grained i

259.3

260

RC -
41

100 | 100

265

RC -
42

100 | 100

270

RC -
43

100 | 100

275

GRANITIC GNEISS, light gray (N6) to
medium dark gray (N4), medium hard, fine
to very coarse grained, thickly foliated,
trace feldspar augen (up to 3 cm), trace
hornblende (up to 1 cm), trace reddish
brown garnets (0.1 - 0.4 cm), with
interlayered quartz-, feldspar-, potassium
feldspar-, hornblende-, pegmatites,
spaced close to moderately close, pinkish
light gray (5YR 8/1) to very light gray (N8),
very hard, coarse to very coarse grained,
0.1'- 0.4' thick

T

QUARTZ-FELDSPAR GNEISS, light gray
(N7) to white (N8), very hard, coarse to
very coarse grained, trace biotite and
hornblende

GRANITIC GNEISS, light gray (N6) to
medium dark gray (N4), hard to very hard,
fine to very coarse grained, thickly
foliated, trace feldspar augen (up to 3 cm),
trace hornblende (up to 1 cm), trace
reddish brown garnets (0.1 - 0.4 cm) with
interlayered quartz-, feldspar-, potassium
feldspar-, hornblende- pegmatites, spaced
close to moderately close, pinkish light
gray (5YR 8/1) to very light gray (N8), very
hard, coarse to very coarse grained, 0.1' -
0.4' thick

260.8": Thickly foliated

252.1 - 285.1": FOLDING

255.2 - 255.8": SAMPLE B-21-2-11CM, (UCS/EM),
uw= 168 pcf, ucs= 19,552 psi, em= 3.85E+06 psi,
PR= 0.20 at the low stress range (2,000-7,200 psi)
255.8" End of day (5/6/21), water 34.9' below ground
surface

256.0": FOLIATION JOINT, 15° dip, open

256.3 - 256.75": B-21-2-A Petrographic Analysis

260.3": FOLIATION dipping 0° - 10°

267.15 - 267.75": SAMPLE B-21-2-12CM,
(UCS/EM), uw= 169 pcf, ucs= 20,648 psi, em=
4.23E+06 psi, PR=0.18 at the low stress range
(2,100-7,600 psi)

270.8" Trace potassium feldspar
270.9 - 271.1": JOINT, healed with chlorite (5 - 6 mm
thick), 40° dip

272.6": FOLIATIONS dipping 20° - 30°
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CLIENT _DUKE ENERGY

BORING NUMBER B-21-2

PAGE 12 OF 13

PROJECT NAME _BAD CREEK I

PROJECT NUMBER _10270481

PROJECT LOCATION _SALEM, SOUTH CAROLINA

ol J [a)
I_|Fw |3E3LExsE| ¢
og | W 5zpYs> REMARKS
u %'8 0-018; w§ 88 % DESCRIPTION
2| |4 EE
275
GRANITIC GNEISS, light gray (N6) to
medium dark gray (N4), hard to very hard, .
- fine to very coarse grained, thickly 275.8" End of day (5/7/21)
foliated, trace feldspar augen (up to 3 cm),
= E trace hornblende (up to 1 cm), trace
I reddish brown garnets (0.1 - 0.4 cm) with
| i interlayered quartz-, feldspar-, potassium , L . .
RC - 100 | 100 feldspar-, hornblende- pegmatites, spaced 278.0': FOLIATION dipping 20° - 30
44 close to moderately close, pinkish light
B T gray (5YR 8/1) to very light gray (N8), very
280 hard, coarse to very coarse grained, 0.1' -
0.4' thick (continued)
[ ]| Re- 100 | 100
45
285
285.1": FOLIATION dipping 20° - 30°
- - 285.8": End of day (5/10/21)
[ ]| re- 100 | 100
46
290 289.7 - 290.3": SAMPLE B-21-2-13T, Splitting
Tensile Test, TS= 1,320 psi
- B 290.8 - 300.8": Medium light gray (N6) to 290.8": Depth to water 36.3 feet below ground surface
medium gray (N5), fine to coarse grained, 291.2": FOLIATION dipping 30°
= E thinly to intensely foliated
[ ]| Re- 100 | 100
47
B . 293.9 - 294.5": FAULT ZONE, 75° dip, chlorite and
calcite on fault planes, trace pyrite, 1 - 6 cm
295 displacement, NE strike/ NW dip
294.0 - 294 .4": B-21-2-B Petrographic Analysis
) . 295.05 - 295.7": SAMPLE B-21-2-14C, UCS,
B 1 295.8 - 300.8": Very fine to coarse grained uw=168 pcf, ucs= 19,903 psi
- B 296.8": Large hornblende crystal, roughly 4 cm in
length
[ ]| Re- 100 | 100
48
B 7] 299.0 - 299.6" SAMPLE B-21-2-15CM, (UCS/EM),
300 uw= 169 pcf, ucs= 19,803 psi, em= 3.42E+06 psi,
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BORING NUMBER B-21-2

PAGE 13 OF 13

CLIENT _DUKE ENERGY PROJECT NAME _BAD CREEK I
PROJECT NUMBER _10270481 PROJECT LOCATION _SALEM, SOUTH CAROLINA
ow|l I o
Io|Ge 3E30EsE| 2
o | W o
=29 (2336523 x DESCRIPTION REMARKS
e S Oz| o Of Q
=g I T
n= Y| x
300
I PR=0.17 at the Tow Stress range (2,000-7,300 psi)
300.8

Coring termianted at 300.8 feet below
ground surface
Bottom of borehole at 300.8 feet.
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Volume 8: Geotechnial Studies — Appendix B I_)?
Bad Creek Il Power Complex Feasibility Study

Photograph 20. B-21-2: SS-1  Depth: 0-1.5 ft Date: 04/20/21

Photograph 21. B-21-2:SS-2  Depth: 5.0-6.5 ft Date: 04/20/21
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Volume 8: Geotechnial Studies — Appendix B I_)?
Bad Creek Il Power Complex Feasibility Study

Photograph 22. B-21-2: SS-3  Depth: 8.5-10.0 ft Date: 04/20/21

Photograph 23. B-21-2: SS-4  Depth: 13.5-15.0 ft Date: 04/20/21
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Volume 8: Geotechnial Studies — Appendix B I_)?
Bad Creek Il Power Complex Feasibility Study

Photograph 24. B-21-2: SS-5  Depth: 18.5-20.0 ft Date: 04/20/21

Photograph 25. B-21-2: SS-6 ~ Depth: 23.5-25.0 ft Date: 04/20/21
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Volume 8: Geotechnial Studies — Appendix B I_)?
Bad Creek Il Power Complex Feasibility Study

Photograph 26. B-21-2: SS-7  Depth: 28.5-30.0 ft Date: 04/20/21

Photograph 27. B-21-2: SS-8  Depth: 33.5-35.0 ft Date: 04/21/21

Page 38



Volume 8: Geotechnial Studies — Appendix B I_)?
Bad Creek Il Power Complex Feasibility Study

Photograph 28. B-21-2: SS-9  Depth: 38.5-40.0 ft Date: 04/21/21

Photograph 29. B-21-2: SS-10 Depth: 43.5-45.0 ft Date: 04/20/21
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Volume 8: Geotechnial Studies — Appendix B I_)?
Bad Creek Il Power Complex Feasibility Study

Photograph 30. B-21-2: SS-11  Depth: 548.5-50.0 ft ~ Date: 04/21/21

Photograph 31. B-21-2: SS-12  Depth: 53.5-55.0 ft Date: 04/21/21
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Volume 8: Geotechnial Studies — Appendix B I_)?
Bad Creek Il Power Complex Feasibility Study

Photograph 32. B-21-2: SS-13  Depth: 58.5-60.0ft Date: 04/21/2

Photograph 33. B-21-2: Box 1 of 18 Depth: 61.45-75.8 ft  Date: 04/21/21
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Volume 8: Geotechnial Studies — Appendix B I_)?
Bad Creek Il Power Complex Feasibility Study

Photograph 34. B-21-2: Box 2 of 18 Depth: 75.8-90.8 ft Date: 04/22/21

Photograph 35. B-21-2: Box 3 of 18 Depth: 90.-105.0 ft Date: 04/22/21
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Volume 8: Geotechnial Studies — Appendix B I_)?
Bad Creek Il Power Complex Feasibility Study

Photograph 36. B-21-2: Box 4 of 18 Depth: 105.0-117.6 ft Date: 04/23/21

Photograph 37. B-21-2: Box 5 of 18 Depth: 117.6-130.8 ft Date: 04/23/21
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Volume 8: Geotechnial Studies — Appendix B I_)?
Bad Creek Il Power Complex Feasibility Study

Photograph 38. B-21-2: Box 6 of 18 Depth: 130.8-145.8 ft Date: 04/26/21

Photograph 39. B-21-2: Box 7 of 18 Depth: 145.8-160.8 ft Date: 04/26/21
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Volume 8: Geotechnial Studies — Appendix B I_)?
Bad Creek Il Power Complex Feasibility Study

Photograph 40. B-21-2: Box 8 or 18 Depth: 160.8-175.8 ft Date: 04/26/21

Photograph 41. B-21-2: Box 9 of 18 Depth: 175.8-190.8 ft Date: 04/27/21
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Volume 8: Geotechnial Studies — Appendix B I_)?
Bad Creek Il Power Complex Feasibility Study

Photograph 42. B-21-2: Box 10 of 18  Depth: 190.8-205.8 ft Date: 04/27/21

Photograph 43. B-21-2: Box 11 of 18  Depth: 205.8-220.8 ft Date: 04/27/21
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Volume 8: Geotechnial Studies — Appendix B I_)?
Bad Creek Il Power Complex Feasibility Study

Photograph 44. B-21-2: Box 12 of 18  Depth: 220.8-230.8 ft Date: 05/05/21

Photograph 45. B-21-2: Box 13to 18  Depth: 230.8-245.3 ft Date: 05/05/21
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Volume 8: Geotechnial Studies — Appendix B I_)?
Bad Creek Il Power Complex Feasibility Study

Photograph 46. B-21-2: Box 14 of 18  Depth: 245.3-255.8 ft Date: 05/05/21

Photograph 47. B-21-2: Box 15 0f 18  Depth: 255.8-270.8 ft Date: 05/07/21
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Volume 8: Geotechnial Studies — Appendix B I_)?
Bad Creek Il Power Complex Feasibility Study

Photograph 48. B-21-2: Box 16 of 18  Depth: 270.8-285.8 ft Date: 05/07/21

Photograph 49. B-21-2: Box 17 of 18  Depth: 285.5-295.8 ft Date: 05/11/21
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Volume 8: Geotechnial Studies — Appendix B I_)?
Bad Creek Il Power Complex Feasibility Study

Photograph 50. B-21-2: Box 18 of 18  Depth: 295.8-300.8 ft Date: 05/13/21
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CLIENT _DUKE ENERGY

PROJECT NUMBER _10270481
DATE STARTED _4/20/21

BORING NUMBER B-21-3

PAGE 1 OF 21

PROJECT NAME _BAD CREEK I

PROJECT LOCATION _SALEM, SOUTH CAROLINA

COMPLETED _5/12/21

DRILLING CONTRACTOR _S&ME, Inc.

GROUND ELEVATION _TBD

HOLE SIZE(S) _3.782 inches

NORTHING _TBD EASTING _TBD
DRILLING METHOD _TWR, HQ Core GROUND WATER LEVELS:
LOGGED BY _C. Gruenberg CHECKED BY _N. Yacobi Y DATE/TIME 4/29/2021 56.25 ft
NOTES Y DATE/TIME 5/11/2021 _146.55 ft
E é 7 m £ i Zo
I_|Fw |3E3LExsE| ¢
aE|w oY REMARKS
w=1 79 12250383 % DESCRIPTION
== | %zl 9 Q| o
kL b g e
Silty SAND (SM), red (2.5YR 4/8), loose, 0" Tricone Vash Rotary irom 0.0"- 20.5°
ss.q| 233 nonplastic, dry to moist, noncohesive, fine 0.1': 2 mm organic lens _
- ©® |14 to medium grained SAND with trace 0.4': Few coarse quartz sand, few fine gravels
coarse grains, micaceous (SOIL) 0.0:USCS=SM, LL=33, PL=25, PI=8, NMC=16.3,
B _ %200=46.8
[ 2.1": Brownish yellow (10YR 6/6), medium
| | dense, dry, little biotite, (SAPROLITE) 2.7 USCS=SM, LL= -, PL=NP, PI=NP, NMC=13.6,
SS-2 11';]'10 3.2": Biotite lens %200=2,2.'3 -
@1 112 3.3" Ligh 10YR 7/2 3.1 - 3.3": Fe staining
B N 3" Light gray ( ) 3.1-4.2" Foliations from parent rock
4.1-20.7": Trace to few gneissic gravel ) -
5
- 7.7 - 20.7": Trace Fe staining, trace 3 mm Fe 7.7': USCS=SM, LL= -, PL=NP, PI=NP, NMC=18.0,
467 nodules %200=20.6
SS-3| (13) |13
10
- - 50/4" 12.7": Light gray (10YR 7/1), very dense, dry 12.7': USCS=SM, LL= --, PL=NP, PI=NP,
50-50/4
SS-4 10 to moist, fine to coarse grained SAND, NMC=13.9, %200=17.6
N | saprolitic, (PWR)
15
17.3 - 20.5": Water loss
- - sS-5] 00 17.7: NO RECOVERY 17.7": SPT refusal
0
20
20.7 20.5": TWR Refusal at 20.5'
B N 20.5": Casing advanced to 20.7"; rock crushed when
setting casing
5 . 20.5": Start HQ coring
20.5": FOLIATION dipping 20° - 30°
| i 20.7 - 24.0": Slight to moderate weathering
RC-1 86 | 35 20.7 - 22.2": Very close joint spacing
20.7 - 21.5": Fe staining
B T 20.7 - 46.0": Trace potassium feldspar
o5 20.7": End of day (04/20/2021)
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DEPTH
(ft)

N
a

SAMPLE TYPE/
NO./CORE RUN

BLOW
COUNTS
(N VALUE)

SOIL
RECOVERY (in)

ROCK
RECOVERY %

ROCK RQD %

DESCRIPTION

REMARKS

30

RC-2

RC-3

35

RC -4

40

RC-5

45

RC-6

50

RC-7

98

66

84

60

100

94

100

100

100

100

GRANITIC GNEISS, medium light gray
(N6) to medium gray (N5), moderately
hard to hard, medium to coarse grained,
thinly to thickly foliated, trace to few
feldspar augens (0.5 - 1.5 cm), trace
hornblende (0.1 - 1.3 cm), trace reddish
brown garnets (0.2 - 0.9 cm), with
interlayered quartz-, feldspar-, potassium
feldspar-, hornblende- pegmatites, spaced
close to moderately close, very light gray
(N8), to white (N9), very hard, coarse to
very coarse grained, 0.1' - 0.4' thick
(continued)

48.1 - 48.5": Poorly foliated

20.9 - 21.2" Partial water loss

21.5": FOLIATION JOINT, 30° dip, open, trace Fe
staining

21.7": JOINT, 20° dip, open, trace Fe staining

21.9": JOINT, 40° dip, open, trace potassium feldspar
22.1": JOINT, 40° dip, open

22.2 - 24.4": Close joint spacing

23.1-23.4": JOINT, 60° dip, open, Fe staining

23.8 - 23.9": Highly JOINTED, 20° - 30° dip, partially
open

23.9": JOINT, 30° dip, open, minor clay infilling, Fe
staining

24.0": Highly JOINTED, saprolitic, soil

24.0 - 24.8": Severe to very severe weathering

24.1 - 24.8": Core loss

24.4 - 24.7": Partial water loss

24.4 - 25.6": Very close joint spacing

24.8 - 25.6": Slight to moderate weathering

25.3": FOLIATION JOINT, 30° dip, open, minor clay
infilling, Fe staining

25.5": JOINT, 10° dip, open, minor clay infilling, Fe
staining

25.6": JOINT, 10° dip, open, trace Fe staining

25.6 - 26.4": Slight weathering

25.6 - 26.7": Very close joint spacing

25.8" JOINT, 20° dip, open

26.1": JOINT, 10° dip, open

26.2": JOINT, 10° dip, open, minor Fe staining

26.7 - 26.9": Very close joint spacing

26.4": FOLIATION JOINTS, multiple fractures, 20° -
50° dip, open and partially open, minor clay infilling,
Fe staining, trace potassium feldspar

26.4 - 26.9": Moderately severe weathering

26.9 - 27.8": Close joint spacing

26.9 - 30.6": Very slight to slight weathering

27.3": JOINT, 30° dip, open, trace Fe staining

27.4": JOINT, 10° dip, open, Fe staining

27.8 - 33.3": Moderately close joint spacing

27.9": FOLIATION JOINT, 30° dip, open, minor clay
infilling, trace Fe staining

28.9": JOINT, 35° - 40° dip, open, minor clay infilling,
Fe staining

30.5 - 30.6": Core loss

30.5" JOINT, 60° dip, open, rough, trace Fe staining
30.6 - 32.6": Driller reported softer drilling

HW casing advanced to 32.9'

32.9 - 33.3": Core loss

33.3" JOINT, 0° dip, open

33.3 - 37.5": Close joint spacing

33.3 - 35.4": Very slight to slight weathering

33.9" JOINT, 30° dip, open, minor clay infilling, Fe
staining

34.1": FOLIATION JOINT, 0° dip, open, Fe staining,
trace potassium feldspar

34.4": JOINT, 20° dip, open

35.4 - 40.4": Very slight weathering

36.4": FOLIATION JOINT, 10° - 15° dip, open,
oxidized biotite, Fe staining, trace potassium feldspar
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E é o £ i Zo
|y (5230838 ¢
W= 23 |235Pg£d x DESCRIPTION REMARKS
== | °zZ| g Q| o
5 g9 ¥ x| X
37.3"7 FOLIATION JOINT, 307 dip, open, oxidized
biotite, trace Fe staining
B B 37.5" JOINT, 20° dip, open, oxidized biotite, trace Fe
>t §t7ai5ningo 4': Moderately cl joint i
- QUARTZ-FELDSPAR GNEISS, light gray 0 - ab.4: Moderately close Joint spacing
! 528  (N7)to white (N9), very hard, coarse to 38.'3' FdOtI)__Iﬁ_IION JOINT, 15° - 20° dip, open,
= dIrc-s8 100 | 100 very coarse grained, thinly foliated, trace " gg' 4|'?eFOL|gIINeG
biotite and hornblende - - 40.4 - 42.0": Close joint spacing
- GRANITIC GNEISS, medium light gray 40.4 - 45.4": Very slight to slight weathering
(N6) to medium gray (N5), very hard, 40.9 - 41.1": Heavily stained feldspars
55 medium to coarse grained, thinly to thickly 41.0": Joint, 30° dip, open, oxidized biotite, Fe oxide,
foliated, trace feldspar augens (0.4 - 1.6 trace potassium feldspar
cm), trace homnblende (0.3 - 2.6 cm), trace 41.0": Complete water loss, driller used EZ mud to
- N epidote, trace reddish brown garnets (0.2 - regain circulation
0.8 cm), with interlayered quartz-, 42.0 - 45.4": Moderately close joint spacing
S feldspar-, potassium feldspar-, 42.1': JOINT, 30° dip, open, oxidized biotite, trace Fe
hornblende- pegmatites, spaced close to staining
I | N 100 | 98 moderately close, very light gray (N8), to 42.9"; JOINT, 25° dip, open, oxidized biotite, Fe
white (N9), very hard, coarse to very staining
coarse grained, 0.1' - 0.4" thick 45.4": FOLIATOIN JOINT, 15°-20° dip, open, Fe
B 7] staining
60 45.4 - 80.4": Wide joint spacing
45.4 - 50.4": Very slight weathering
46.6 - 46.7": FOLDING
B i 48.5 - 49.7": Potassium feldspar
49.2": FOLIATION J