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1. INTRODUCTION

1.1 Project Backoround

The Winyah Generating Station (WGS or Site) is an electric generating facility owned and
operated by Santee Cooper. WGS 1s located between Pennyroyal and Turkey Creeks, tributaries
to Sampit River, and is situated approximately four miles southwest of Georgetown, South
Carolina (SC) (see Figures la and 1b for Site Location and Site Vicinity Maps).

On 17 April 2015, the United States Environmental Protection Agency (USEPA) published rules
m 40 CFR Part 257 that regulate the design and management of existing and new CCR units {CCR
Rule). The CCR Rule became effective on 17 October 2015. Within the CCR Rule, §257.73(e)
specifies the safety factor criteria for existing CCR surface impoundments.

Ash Pond B is situated southeast of the power block and west of the Site’s Cooling Pond. (Figure
2). Ash Pond B contains CCR in the form of fly ash, boiler slag, and bottom ash as well as
stormwater. It is considered as an existing surface mmpoundment under the CCR Rule. In
accordance with §257.102(g), a Notice of Intent for Ash Pond B was posted to the Operating
Record on 9 April 2021 to 1nitiate pond closure, and CCR and wastewater mflow to Ash Pond B
ceased in April 2021. Santee Cooper indicated the surface impoundment is planned to be closed
by CCR removal withm five years.

This 2021 Periodic Safety Factor Assessment: Ash Pond B (Safety Factor Assessment Report) was
prepared by Geosyntec Consultants, Inc. (Geosyntec) on behalf of Santee Cooper to demonstrate

that Ash Pond B satisfies criteria for the periodic safety factor assessments m accordance with
§257.73(e) of the CCR Rule.

1.2 Project Site and Construction History

Ash Pond B spans approximately 65 acres. This unlined surface impoundment was commissioned
m 1975 and was designated for the disposal of fly ash, bottom ash, boiler slag, decanted sluice
water, low volume wastewater, and stormwater from Ash Pond A. Ash Pond B 1s bounded by the
divider dike and Ash Pond A to the north, the Discharge Canal to the west, and the Cooling Pond
to the south and east. Ash Ponds A and B were constructed simultaneously and are separated by a
recompacted, carthen divider dike spanning west to east from the Discharge Canal to the Cooling
Pond. Ash Pond B was assigned “Low Hazard Potential” classification (Geosyntec, 2021a).

Ash Pond B was constructed by recompacting excavated soils from the impoundment interior to
form the perimeter dikes and a divider dike. The Ash Pond B perimeter dikes are approximately
12 ft to 15 ft in height adjacent to the Discharge Canal and approximately 20 ft to 24.5 ft in height
along the east and south sides adjacent to the Cooling Pond (Thomas and Hutton, 2012). The
upstream and downstream slopes of the perimeter dikes range from 2 Horizontal to 1 Vertical
(ZH:1V)to 3H:1V. The Ash Pond B dike crest was originally constructed in the early 1970s with
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a 12- to 15-ft width and an elevation of 34.5 ft National Geodetic Vertical Datum of 1929
(NGVD29), which was approximately 7 {t lower than the Ash Pond A perimeter and divider dikes.
The Ash Pond B dike crest was raised to a design elevation of 41.0 ft NGVD29 in 1997 using
downstream construction methods. The crest of Ash Pond B is currently at an elevation between
39.7 ft and 41.4 ft NGVD29 (Thomas and Hutton, 2012; Thomas and Hutton, 2016).

1.3 Report Oreanization

This Safety Factor Assessment Report presents the subsequent periodic safety factor assessments
for Ash Pond B at WGS based on the results of the initial periodic safety factor assessments (2016
Safety Factor Assessment) (Geosyntec, 2016), recent survey dated September 2021 (McKim &
Creed, 2021), subsequent hydrologic and hydraulic (H&H) analyses and geotechnical engineering
analyses, and reviews of available Site information. The remainder of this Safety Factor
Assessment Report is organized as follows:

¢ Summary of changes in site conditions since the 2016 Safety Factor Assessments is
presented in Section 2.

¢ H&H evaluation of Ash Pond B is presented in Section 3;

¢ Secismic hazard evaluations for WGS and the site response analysis of the Ash Pond B
perimeter dikes are presented in Section 4;

¢ Liquefaction potential evaluation is presented in Section 5;

¢ Slope stability analyses performed for the safety factor assessment are discussed in Section
6; and

¢ The summary and general conclusions are presented in Section 7.
2. CHANGES IN SITE CONDITIONS

Santee Cooper personnel indicated that no changes were made for the Ash Pond B perimeter dikes
and adjacent areas outside the dikes since preparation of the 2016 Safety Factor Assessment
Report. Also, no additional geotechnical subsurface investigations were conducted since 2016;
therefore, the subsurface stratigraphy developed in the 2016 Safety Factor Assessment remains
valid. A review of'the topographic survey dated September 2021 (McKim & Creed, 2021) and the
topographic survey used in the 2016 Safety Factor Assessment indicated that CCR have been
moved to the west side of the surface impoundment (i.¢., adjacent to the Discharge Canal) and that
nsignificant changes in the CCR surface were observed on the cast side of the surface
mmpoundment (top of CCR surface in the east side of Ash Pond B is similar to the surface used for
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the 2016 Safety Factor Assessment). The volume of CCR impounded within the surface
mpoundment is very similar to that observed during the last assessment.

Santee Cooper provided available water level measurements trom wells in the area of Ash Pond
B. The recorded water levels in these wells have generally been steady over the last five years.
Based on the review of the topographic survey (McKim & Creed, 2021) and available water level
measurements adjacent to the selected profile, the water levels within the perimeter dike and
beyond the downstream toe of the perimeter dike are expected to be simular to those vsed for the
2016 Safety Factor Assessment.

As discussed above, CCR and wastewater inflow to Ash Pond B ceased in April 2021. After the
2016 Safety Factor Assessment, an emergency spillway was constructed between Ash Ponds A
and B to provide sufficient storage capacity in the two surface impoundments for 100-year storm
event.

3. HYDROLOGIC AND HYDRAULIC EVALUATION

3.1 Hvdrologic and Hvdraulic Analysis

The following subsections discuss the regulatory framework, the methodology and assumptions,
and the results of the hydrologic and hydraulic (H&H) analysis for Ash Pond B and its
appurtenances.

3.1.1 Regulatory Framework
The CCR Rule (§257.73(d)(1)) requires that a periodic stability assessment:

“...at a minimum, document whether the CCR unit has been designed, constructed, and maintained
with:

(v) a single spilbway or a combination of spillways configured as specified in paragraph
(d)(1j(v)(4) of this section. The combined capacity of all spillways must be designed, constructed,
operated, and maintained to adeguately manage flow during and following the peak discharge
event specified in paragraph (di(1(v)(B) of this section.”

The CCR Rule (§257.73()(1y(v)}B)(3)) also states that the spillways must manage the peak
discharge from the “J00-year flood for a low hazard potential CCR surface impoundment.”
Additionally, §257.73(d)(1}(v)}{A) indicates that “AJ spillways musi be either:

(1) Of non-erodible construction and designed to carry sustained flows, or

(2) Earth- or grass-lined and designed to carry short-term, infrequent flows at non-erosive
velocities where sustained flows are not expected.”
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Meanwhile, §257.73(e)(1) of the CCR Rule indicates:

“(ii) The calculated static factor of safety under the maximum surcharge pool loading condition
mist equal or exceed 1.40.7

Because Ash Pond B was classified as a “Low Hazard Potential” surface impoundment, the 100-
year storm event with a rainfall duration of 72 hours was selected as the inflow design flood (IDF).
H&H analyses were performed to demonstrate that the Ash Pond B spillway 1s able to adequately
manage flow during and following the 100-year design rainfall (i.e., peak discharge event) without
overtopping of perimeter dikes, meeting the criteria in §257.73(d)(1)v). This Safety Factor
Assessment Report established the “maximum surcharge pool” elevation 1n the slope stability
analysis to demonstrate that the requirements of §257.73(e)(1)(1i) are met, based on the maximum
surface water elevation within Ash Pond B computed from the H&H analyses.

3.1.2 Methodology and Assumptions

HydroCAD® Version 10.0 software (HydroCAD, 2019) was utilized to compute the stormwater
volume using the Soil Conservation Service (SCS) Technical Release 20 {TR-20) method (SCS,
1982) and to model the performance of the hydraulic structures of Ash Pond B during the IDF.
The 100-yr rainfall event with a 72-hour (hr) duration precipitation event resulted in a rainfall
depth of 12.8 in. (NOAA, 2021) and was modeled within HydroCAD® using a SCS Type III
rainfall distribution.

Ash Pond B historically decanted ash sluice water, low volume wastewater, and the former Unit 2
Shury Pond stormwater from Ash Pond A. Ash Pond B now only receives stormwater inflows
from the pond area, and process water inflow to the pond has been halted. Ash Pond A does not
have an outfall structure but routes water southward through rim ditches and culverts to Ash Pond
B. Ash Ponds A and B are hydraulically connected through a 30-inch diameter corrugated metal
pipe (CMP), a 48-inch diameter smooth steel pipe, and a 42-inch diameter smooth steel pipe
(Thomas and Hutton, 2012; and Thomas and Hutton, 2016). As indicated in Section 2, an
emergency spillway was constructed between Ash Ponds A and B to provide capacity in the two
surface impoundments for the 100-year storm event. The operating level in Ash Pond B i1s
maintained by a concrete riser structure with a top stop log elevation of 34.9 ft NGVD 29 (Thomas
and Hutton, 2016). A 24-inch diameter smooth interior, corrugated exterior high density
polyethylene pipe culvert with a downstream invert elevation of 17.99 ft NGVD 29 conveys water
from the riser structure to the Discharge Canal of the Cooling Pond (Santee Cooper, 2012; and
Thomas and Hutton, 2016). The average operating elevation provided by Santee Cooper from
February 2011 through September 2021 15 34.1 fiNGVD 29. The operating elevation is decreasing
as dewatering occurs to facilitate closure of Ash Pond B.

Details of the H&H analysis are provided 1n a document titled “Inflow Design Flood Control
Svsiem Plan: Ash Pond B” (Geosyntec, 2021b). Note that the vertical datum conversion between
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NGVD 29 and North American Vertical Datum of 1988 (NAVD 88) 1s -1.0 {1 (i.e.,, NGVD 29 —
1.0 ft = NAVD &8) (FEMA, 2015).

3.1.3 Analysis Results

Under the conditions and assumptions described 1n Section 3.1.2, the maximum surface water level
during and following the IDF event (100-year rainfall with a 72-hour duration) was computed as
36.1 ft NGVD29. The H&H analysis results (i.e., HydroCAD® results) are included as Attachment
2 to this Safety Factor Assessment Report.

4. SEISMIC HAZARD EVALUATION AND SITE RESPONSE ANALYSIS

This section presents the results of seismic hazard evaluation and site response analysis of the Ash
Pond B perimeter dikes. Seismic hazard evaluation includes the selection of an appropriate hazard
level and associated hazard parameters (e.g., peak ground acceleration, or PGA). Site response
analysis was performed to evaluate the local site effects on selected time history records
propagated from the hypothetical, firm ground outcrop to the ground surface at the Site. Details
and results for these analyses are presented in Attachment 3 of this Safety Factor Assessment
Report and summarized herein.

4.1 Seismic Hazard Evaluation

A seismic hazard evaluation typically consists of the selection of appropriate hazard level and
associated seismic parameters, which include the target acceleration response spectra, PGA, and
the controlling earthquake magnitude. The seismic hazard analysis also involves the selection of
ground motions that envelop the target response spectrum.

4.1.1 Seismic Hazard Level

The appropriate hazard level 1s often expressed in probabilistic terms as a specific hazard level
that has a certain probability of exceedance in a given time period. The CCR Rule states in
§257.63(a) that:

“New CCR landfills, existing and new CCR surface impoundments, and all lateral expansions of
CCR units must not be located in seismic impact zones, unless the owner or operator demonstrates
by the dates specified in paragraph (c) of this section that all structural components including
liners, leachate collection and removal systems, and surface water control systems, are designed
to resist the maximum horizontal acceleration in lithified earth material for the site.”

§257.53 defines the maximum horizontal acceleration in lithified earth material as:

“... the maximum expected horizontal acceleration ai the ground surface as depicted on a seismic
hazard map, with a 98 percent or greater probability that the acceleration will not be exceeded in
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30 vears, or the maximum expected horizontal acceleration based on a site-specific seismic risk
assessment.”

A 98 percent or greater probability of not being exceeded in 50 years (or two percent probability
of exceedance m 50 years) corresponds to a return period of approximately 2,500 years. The
Preamble of the CCR Rule indicates that USEPA selected this return period by considering a
typical operating life for CCR surface impoundments (i.¢., 50 years) and its common use in seismic
design criteria throughout engineering (e.g., American Society of Civil Engineers [ASCE] 7-16
[2016]). For the CCR surface impoundments at WGS, closure was initiated in 2021 and 1s
expected to be complete in less than 15 years. Therefore, an carthquake return period of
approximately 750 years was conservatively selected for the 2021 Safety Factor Assessment of
Ash Pond B (i.e., two percent probability of exceedance in 15 vears) following the basis for
selecting the return period of approximately 2.500 years for typical CCR surface impoundments.

4.1.2 Peak Ground Acceleration (PGA)

PGA values corresponding to different hazard levels and different site conditions, including firm
ground outcrops, are published as seismic hazard maps or curves. The 2016 Safety Factor
Assessment Report (Geosyntec, 2016) referenced seismic hazard maps presented in the South
Carolina Department of Transportation (SCDOT) Geotechnical Design Manual (GDM) (SCDOT,
2010) for selection of a PGA to incorporate local site effects for the Charleston Seismic Zone
researched by Chapman and Talwani (2006). The GDM was updated i 2019 (SCDOT, 2019) and
does not present the seismic hazard maps referenced in the 2016 Safety Factor Assessment Report.
Moreover, SCDOT 1s updating seismic hazard maps at the time of this seismic hazard evaluation.

As an alternative, United States Geological Survey (USGS) hazard curves for two percent
probability of exceedance m 15 years (i.e., approximately 750-year return period event) at the BC
boundary (i.e., boundary between National Farthquake Hazard Reduction Program [NEHRP] site
classes B and C with a mean shear wave velocity of 2,500 fi/s) were used to estimate the PGA and
spectral accelerations for a hypothetical firm ground outcrop, similar to “geologically realistic”
site conditions, at the Site. The data available at the USGS website (Petersen et al., 2019) use pre-
calculated hazard values at nearby grid locations and interpolate the hazard value for a given site
location. As discussed in Attachment 3, the interpolated PGA from USGS Hazard Curves is 0.15g
for the Site.

4.1.3 Earthquake Magnitude

In a probabilistic seismic hazard analysis, the PGA cannot be associated with a single earthquake
event due to the hazard contribution from multiple possible events. An carthquake moment
magnitude (Mw) value 1s required to conduct liquefaction potential analyses and to select
earthquake time histories. A process called deaggregation can be performed for sites that have
multiple hazard sources using the most up-to-date USGS (2014) deaggregation tool. As discussed
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in Attachment 3, a 7.3 moment magnitude was selected for liquefaction potential analyses and
time history selection for the Site by applying this deaggregation tool.

4.1.4 Target Acceleration Response Spectra and Time History Selection

A target acceleration response spectrum was established using the USGS seismic hazard curves at
different spectral periods {or frequencies). Time histories of ground motions are selected such that
their response spectra match or envelope the target acceleration response spectrum. Six
acceleration time histories used for the 2016 Safety Factor Assessment were still considered
adequate as input for site response analyses since the scaled time histories provide a conservative,
reasonable match with the target acceleration response spectrum. The response spectra of scaled
time histories selected for the site responses analyses are presented on Figure 4 of Attachment 3.

4.2 Site Response Analvsis

Site response analyses computed the cyclic shear stresses within the select representative soil
profile located along the perimeter dike centerline. Computed cyclic shear stresses were applied
for the liquefaction potential analysis, and were also utilized to evaluate the seismic safety factor
as part of this Safety Factor Assessment.

4.2.1 Analysis Model Setup

Site response analyses presented herein were conducted using DEEPSOIL® (Hashash et al., 2020),
a one-dimensional, nonlinear site response analysis program. The program assumes that all the
soil layers are perfectly horizontal (i.e., “layer cake”) and that ground response 1s mainly caused
by vertically-propagating, horizontally polarized shear waves. This assumption 1s valid for many
geotechnical cases including the response analyses of the Site. Under these assumptions, the
subsurface stratigraphy 1s modeled as a one-dimensional column of soil layers for the analyses.
One critical profile was selected for the site response analyses of the Ash Pond B perimeter dikes
based on the 2016 Safety Factor Assessment results and is shown on Figure 6 of Attachment 3.

DEEPSOIL® employs a viscoelastic material model, described by its shear modulus (G), mass
density (p) or unit weight (v), and damping (D). Preliminary equivalent-linear site response
analyses vielded calculated maximum cyclic shear strains greater than five percent in some layers,
which 1s greater than the cycelic shear strains for which equivalent-linear analyses are considered
applicable (i.e., one to two percent). Therefore, nonlinear site response analyses were performed.
Additional discussion of input parameters, such as the Vs profile, soil plasticity, and shear modulus
reduction/damping curves applied in the DEEPSOIL® program, are discussed in Attachment 3.

As discussed in Section 2, the water level within the perimeter dike 1s expected to be similar to the
water level used in the 2016 Safety Factor Assessment. Therefore, the site response analyses for
the 2021 Safety Factor Assessment were performed with the water table used in the 2016 Safety
Factor Assessment Report, as discussed in Attachment 3.
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4.2,2 Site Response Analysis Results

Maximum shear stresses within the representative soil profiles were computed and presented on
Figures 9 and 10 of Attachment 3. Additional site responses analysis results are presented in
Attachment 3. The maximum cyclic shear stresses at depths were calculated and these values were
used to calculate a measure of shear stress developed during the design earthquake (cyclic stress
ratios, or CSR) in the evaluation of liquefaction potential, presented in Section 5 of this Safety
Factor Assessment Report. The site response analysis results were also used to calculate the
horizontal seismic coefficient (kn) as presented in Section 6 of this Safety Factor Assessment
Report.

5. EVALUATION OF LIQUEFACTION POTENTIAL

This section presents the liquefaction potential evaluation for the critical section of the Ash Pond
B permmeter dikes. The evaluation applies the cyclic shear stress computed as part of the site
response analysis (Section 4). Further details of the liquefaction potential evaluation are presented
i Attachment 4 of this Safety Factor Assessment Report.

5.1 Regulatory Framework

A periodic safety factor assessment 1s required by the CCR Rule to evaluate whether the existing
CCR surface impoundments meet minimum safety factors {also referred to as “factors of safety™)
for slope stability provided 1n §257.73(e)(1). Specifically, §257.73(e)}1)(1v) requires that:

“embankments constructed of soils that have susceptibility to liquefaction, the calculated
liquefaction factor of safety must equal or exceed 1.20.”

The purpose of this section is to discuss the methodology, analysis, and results of the liquefaction
potential analysis to evaluate if the Ash Pond B dike fill and foundation soils are susceptible to
liquefaction triggering under the design carthquake. If soils are not found to be susceptible to
liquefaction within the dike fill and foundation soils, then the liquefaction factor of safety 1s not
required and is not evaluated as part of this Safety Factor Assessment.

5.2 Methodolegy

Liquefaction potential analysis was performed based on the Simplified Procedure recommended
by Seed and Idriss (1971) and an update by Boulanger and Idriss (2014). This approach is based
on comparing in-situ test results with case histories of occurrences and non-occurrences of
liquefaction due to past earthquakes. The analyses presented herein were conducted for soil
borings and CPT soundings along the critical section of Ash Pond B. The factor of safety against
liquefaction (FSiq) was computed as the ratio of a measure of a soil’s resistance to triggering of
liquefaction (cyclic resistance ratio, or CRR) to CSR.
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5.2.1 Dike Phreatic Surface Conditions

As described 1n Section 2, the water level within the perimeter dike is anticipated to be similar to
the water level used in the 2016 Safety Factor Assessment. The phreatic surface at the time of the
boring/CPT sounding was used to estimate CRR profiles. CSR profiles were estimated for the
time at which the design earthquake event occurs using the phreatic surface used for the 2016
Safety Factor Assessment.

5.2.2 Age Correction Factor

Correlations associated with liquefaction potential analysis were developed based on case histories
of relatively young soil deposits (i.e., Holocene age). As described in SCDOT (2019), liquefaction
resistance, as represented by the CRR, may be adjusted to account for aging effects in older soils
based on time from deposition (i.e., geologic age) and time from last occurrence of liquefaction
(i.e., geotechnical age). As described in Attachment 4, an age correction factor (Kar) of 1.2 was
applied for the Pleistocene-aged soils at the WGS site (typically foundation soils below the base
of the dike), and an age correction factor of 1.0 was applied to the dike fill soils.

5.3 Evaluation Results

The FSiiq was computed at every depth interval where data were collected for soil test borings (2-
ft or 5-ft intervals) and CPT sounding (0.16-1t intervals) advanced in the vicinity of the Ash Pond
B perimeter dikes. Analysis results for each soil boring and CPT sounding analyzed are provided
on Figures 3 through 7 of Attachment 4 to this Safety Factor Assessment Report. FSiq values
computed for dike fill and foundation soils were found to exceed 1.0 for the conditions described
within this Safety Factor Assessment Report (i.e., no zones expected to undergo triggering of
liquefaction under the design earthquake were identified for borings and CPT soundings advanced
through the critical section of the Ash Pond B perimeter dikes).

6. SAFETY FACTOR ASSESSMENT

This section presents the periodic safety factor assessments for the Ash Pond B perimeter dikes.
This evaluation is presented 1n detail in Attachment 5 of this Safety Factor Assessment Report and
summarized herein.

6.1 Regulatorv Framework

Slope stability analyses were conducted to assess whether the Ash Pond B perimeter dikes satisty
the safety factor (also referred to as “factor of safety”) criteria of §257.73(e)(1) of the CCR Rule.
Specifically. §257.73(e)} 1) requires that:

“ti)  The calculated static factor of safety under the long-term, maximum storage pool
loading condition must equal or exceed 1.50.
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fiiy  The calculated static factor of safety under the maximum surcharge pool loading
condition must equal or exceed 1.40.

(iii)  The calculated seismic factor of safely must equal or exceed 1.00.

(iv)  For embankments constructed of soils that have susceptibility to liquefaction, the
calculated liquefaction factor of safety must equal or exceed 1.20.”

Because the dike fills and foundation soils beneath the dike fill along the critical section of Ash
Pond B are not found to be susceptible to liquefaction, as described above, the liquefaction factor
of safety (L.e., §257.73(e)(1){1v)) 1s not required and 1s not evaluated as part of this Safety Factor
Assessment. The remainder of Section 6 describes the geometric model, methodology, and
analysis results for cach case.

6.2  Analvsis Models

The models used for the 2016 Safety Factor Assessment were updated with a topographic surface
within the pond (Section 2). Consistent with observations regarding the water level described 1n
Section 2, the water levels (within the perimeter dike and beyond the downstream toe of the
perimeter dike) selected for the analyses are those used for the 2016 Safety Factor Assessment.
One representative cross section was selected for the assessment based on factors of safety
calculated in the 2016 Safety Factor Assessment.

6.3 Methodology
6.3.1 Static Slope Stability

Global slope stability analyses were performed using Spencer’s method (Spencer, 1973), as
implemented in the computer program SLIDE®, version 6.039 (Rocscience, 2016). Spencer’s
method, which satisfies vertical and horizontal force equilibrium as well as moment equilibrium,
1s considered to be more rigorous than other methods, such as the simplified Janbu method (Janbu,
1973) and the simplified Bishop method (Bishop, 1955).

Both the rotational mode (e.g., non-circular slip surfaces) and the non-rotational mode (i.e., block
slip surfaces) were considered during the factor of safety assessment analyses, and the slip mode
resulting in the lowest calculated FS was reported. SLIDE® generates potential slip surfaces,
calculates the FS for each of these surfaces, and identifies the most critical slip surface with the
lowest calculated FS.

6.3.2 Scismic Slope Stability

Pseudo-static slope stability analyses were performed utilizing Spencer’s method to evaluate the
seismic performance of the perimeter dike structures using a procedure consistent with a guidance
document prepared for the USEPA (USEPA, 1995) and recommendations made by Hynes-Griffin
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and Franklin (1984). The seismic factor of safety was evaluated by applying a seismic horizontal
force coefficient (kn) to compute an additional horizontal force (F = kn x W) for each slice, based
on slice weight (W), during the design seismic event. The ku for each evaluated cross section was
developed from the Maximum Horizontal Equivalent Acceleration (MHEA) computed during the
site response analysis (Section 4) at the depth of the anticipated critical slip surface for each cross
section. The kn value 1s dependent on the allowable displacement (u)} for a dike structure. For the
purpose of this Safety Factor Assessment Report, the allowable displacement of’ Ash Pond B
perimeter dike structures was selected as 12 inches. Based on this allowable displacement and the
upper bound relation, the Hynes-Griffin and Franklin (1984) procedure was used to adjust the
MHEA at the target depth to compute the ku applied in SLIDE®, resulting in kn = 0.032g.

6.4 Static Safetv Factor — Maximum Normal Storage Pool

§257.73(e)1)(1) requires that the static factor of safety meets or exceeds 1.50 for the maximum
normal storage pool conditions within the surface impoundment. The static safety factor was
evaluated for the critical cross section of Ash Pond B as shown on Figure 2 of Attachment 5.

6.5 Static Safety Factor — Maximum Surcharse Pool

§257.73(e)(1)(11) requires that the static factor of safety meets or exceeds 1.40 for the maximum
surcharge pool conditions within the surface mmpoundment. The static safety factors were
evaluated with a more conservative water level (37.2 ft NGVD29) within Ash Pond B than the
maximum surface water level (36.1 ft NGVD 29) from the H&H analyses (Section 3). The static
safety factor was evaluated for the critical cross section of Ash Pond B as shown on Figure 3 of
Attachment 5.

6.6  Seismic Safetv Factor — Maximum Normal Storagse Pool

§257.73(e)}(1)111) requires that the seismic factor of safety meets or exceeds 1.00 for the maximum
normal storage pool conditions within the surface impoundment. The seismic safety factor was
evaluated for the critical cross section with the computed seismic horizontal force coefficient (i.e.,
0.032g) applied to each slice within SLIDE®. During the evaluation of the seismic safety factor,
soil shear strengths for cohesive soils were conservatively reduced by 20% to account for the
influence of cyclic degradation (Hynes-Griffin and Franklin, 1984).

6.7 Summarv of Results

As presented in Table 3 of Attachment 5, the calculated factors of safety for the static case with
the maximum normal storage pool, the static case with the maximum surcharge pool, and seismic
case with the maximum normal storage pool are 1.54, 1.51, and 1.06, respectively. These analysis
results indicate that the perimeter dikes of Ash Pond B at WGS satisfy the periodic safety factor
assessment criteria given m §257.73(e)}(1) of the CCR Rule. Further details of the safety factor
assessment for Ash Pond B can be found in Attachment 5.
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Area Listing {selected nodes)

Area CN Description
{acres) {subcatchment-numbers)
65693 87 90% Ash and 10% Water Surface (23)
88.900 86 CCR (18)
154.593 86 TOTAL AREA
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Soil Listing {selected nodes)

Area Soil Subcatchment
{acres) Group Numbers
0.000 HSG A
(.000 HSG B
0.000 HSG C
0.000 HSG D
154 593 Other 18, 28
154.593 TOTAL AREA
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Ground Covers (selected nodes)

HSG-A HSG-B HSG-C HSG-D Other Total Ground Subcatchment
(acres) (acres) (acres) (acres) (acres) (acres} Cover Numbers
0.000 0.000 0.000 0.000 65.693 65.693 90% Ash and 10% Water Surface 2
s
0.000 0.000 0.000 0.000 88.900 88900 CCR 1
s
0.000 0.000 0.000 0.000 154.593 154593 TOTAL AREA
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Pipe Listing {selected nodes)

Line# Node In-invert  Qut-Invert Length Slope n  Diam/Width Height Inside-Filt
Number (feet) (feel) {feet) (fE/ft) (inches) ({inches) {inches)

1 4P 30.21 16.99 1133 01167 0.3 216 0.0 0.0

2 4P 35.52 36.50 40.8 -0.0240 0025 300 0.0 0.0

3 4P 34.28 3449 308 -00068 0012 48.0 0.0 0.0

4 4P 3470 3520 246 -00203 0012 420 0.0 0.0

5 8P 36.50 3552 40.8 00240 0025 300 0.0 0.0

6 8P 34.49 3428 308 00068 0012 48.0 0.0 0.0

7 8P 35.20 3470 246 00203 0.012 420 0.0 0.0
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Time span=0.00-300.00 hrs, dt=0.01 hrs, 90001 poinis
Runcff by SCS TR-20 method, UH=5CS, Weighted-CN
Reach routing by Sim-Route method - Pond routing by Sim-Route method

Subcatchment1S: Ash Pond A Runeff Area=88.900 ac  0.00% Impervious Runeoff Depth=11.03"
Flow Length=2.400" Tc=9.9min CN=86 Runoff=392.93 cfs 81.747 af

Subcatchment28: Ash Pond B Runoff Area=65.693 ac 0.00% Impervious Runoff Depth=11.17"
Flow Length=3,100" Slope=0.0010"7 T¢=10.8 min CN=87 Runofi=289.00 ¢fs 61.130 af

Pond 4P: Ash Pond B Peak Elev=35.14" Storage=80.298 af Inflow=289.00 cfs 61.130 af
Primary=2.88 cfs 3.339 af Secondary=0.00 cfs 0.000 af Tertiary=16.95cfs 46.431 af Cutflow=19.84 cfs 49.770 af

Pond 8P: Ash Pond A Peak Elev=24.06' Storage=85.072 af Inflow=393.04 cfs 85.086 af
Primary=0.00 ¢fs 0.000 af Secondary=0.00 ¢fs 0.000 af Outflow=0.00 cfs 0.000 af

Link 7L: Discharge Canal Inflow=16.95 cfs 46.431 af
Primary=16.95 cfs 46.431 af

Total Runoff Area = 154.593 ac  Runoff Volume =142.876 af Average Runoff Depth =11.09"
100.00% Pervious = 164.593 ac  0.00% Imperviocus = 0.000 ac
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Summary for Pond 4P: Ash Pond B

Inflow = 239.00cfs @ 36.15 hrs, Volume= 61.130 af
Qufflow = 19.84 cfs @ 39.36 hrs, Volume= 49.770 af, Atten=93%, Lag= 192.3 min
Primary = 288 cfs @ 39.36 hrs, Volume= 3.339 af
Secondary = 000cfts @ Q.00 hrs, Volume= 0.000 af
Terliary = 16.85cfs @ 39.36 hrs, Volume= 46431 af

Routing by Sim-Route method, Time Span= 0.00-900.00 hrs, dt=0.01 hrs
Starting Elev= 33.14" Swif Area= 12.744 ac Storage= 41.133 af
Peak Elev=35.14' @ 39.36 hrs Surf.Area= 27.908 ac Siorage= 80.298 af (39.145 af above start)

Plug-Flow detention time= 5,856.7 min calculated for 8.617 af {14% of inflow)
Center-of-Mass det. time=1,574.5 min ( 3,880.9 - 2,306.3)

Volume Invert  Avail.Storage Storage Description
#1 21.00' 235686 af Custom Stage Data (Prismatic)Listed below (Recalc)
Elevation Surf.Area Inc.Store Cum.Store
{feet) {acres) {acre-feet) (acre-feet)
21.00 0.110 0.000 0.000
22.00 0.174 0.142 0.142
23.00 0.482 0.328 0.470
2400 0.975 0.728 1.198
25.00 1.245 1.110 2.308
26.00 1.474 1.359 3.668
27.00 1.800 1.837 5.305
28.00 2.451 2.125 7.430
29.00 3.868 3.159 10.589
30.00 5.289 4.577 15.168
31.00 5.338 5.813 20.980
32.00 9.304 7.821 28.801
33.00 11.944 10.624 39.425
34.00 17.858 14.801 54228
35.00 26.792 22.225 76.451
38.00 34713 30.752 107.203
37.00 41.359 38.036 145.239
38.00 45093 43.226 188.465
38.00 49.349 47.221 235.686
Pevice Routin Invert Outlet Devices o

#1  Tertiary 30.21" 21.6" Round Culvert

L=113.3" CPP, projecting, no headwall, Ke=0.900
Inlet / Outlet Invert=30.21'/16.89' S=0.1167 "/ Cc=0.900
n=0.013 Corrugated PE, smooth interior, Flow Area= 2.54 sf

#2  Device 1 33.80" 4.0'long Sharp-Crested Rectanguiar Weir 2 End Contraction(s)
#3  Primary 36.50" 30.0" Round Culvert
L=40.8" CMP, projecting, no headwall, Ke=0.800
Inlet / Outlet Invert= 35.52'/ 36.50' S=-0.0240"/" Cc=0.800
n=0.025 Corrugated metal, Flow Area=4.91 sf
#4  Primary 3449 48.0" Round Culvert 2

L=30.9" CMP, projecting, no headwall, Ke=0.800






Ash Pond A B - Spillway Revision Type lll 24-hr 72.00 hrs 100-YR, 72-HR Rainfall=12.80"

Prepared by SCCM Printed 10/7/2021
HydroCAD® 10.00-25 s/n 10932 © 2019 HydroCAD Software Solutions LLC Page 11

Summary for Pond 8P: Ash Pond A

Inflow = 393.04cfs @ 36.14 hrs, Volume= 85.086 af
Qufflow = 000cfs @ 0.00 hrs, Volume= 0.000 af, Atten= 100%, Lag= 0.0 min
Primary = 0.00cts @ 0.00 hrs, Volume= 0.000 af
Secondary = 000cfs @ 0.00 hrs, Volume= 0.000 af

Routing by Sim-Route method, Time Span= 0.00-800.00 hrs, dt=0.01 hrs
Peak Elev=24.068' @ 73.10 hrs Surf.Area=26.727 ac Storage= 85.072 af

Plug-Flow detention time= {not calculated: initial storage exceeds outfiow)
Center-of-Mass det. time= (not calculated: no outflow)

Volume Invert  Avail.Storage Storage Description
#1 17.00" 837.990 af Custom Stage Data (Prismatic)Listed below (Recalc)
Elevation Surf.Area Inc.Store Cum.Store
{feet) {acres) {acre-feet) (acre-feet)
17.00 1.463 0.000 0.000
18.00 2.853 2.058 2.058
19.00 5.950 4.301 6.359
20.00 8.019 6.984 13.344
21.00 12.211 10.115 23.459
22.00 17.713 14.962 38.421
23.00 23.002 20.357 58.778
2400 26.325 24.664 83.442
25.00 32.861 29.583 113.035
26.00 34797 33.829 146.864
27.00 37.477 36.137 183.001
28.00 41.370 39.424 222425
29.00 48.989 45.179 267.604
30.00 53.062 51.026 318.629
31.00 56.826 54.944 373.573
32.00 61.765 59.285 432.869
33.00 69.069 65.417 498.286
34.00 68.844 68.957 567.242
35.00 69.304 69.074 636.317
36.00 72.249 70.776 707.093
37.00 72617 72.433 779.526
38.00 44 312 58.485 837.990
Device Routing Invert Qutlet Devices
#1  Primary 36.50° 30.0" Round Culvert1

L=40.8" CMP, projecting, no headwall, Ke=0.800
Inlet / Outlet Invert= 36.50'/35.52' 5=0.0240"7 Cc=0.200
n=0.025 Corrugated metal, Flow Area=4.91 sf
#2  Primary 34.49" 48.0" Round Culvert 2
L=30.8" CMP, projecting, no headwall, Ke=0.900
Inlet / Qutlet Invert= 34.49'/ 34.28' S5=0.0068" Cc=0.200
n=0.012 Steel, smooth, Flow Area= 12.57 sf
#3  Primary 35.20° 42.0" Round Culvert 3
L=246" CMP, projecting, no headwall, Ke=0.800
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SEISMIC HAZARD EVALUATION AND SITE RESPONSE ANALYSIS: ASH POND B
PURPOSE

The purpose of this calculation package 1s to present the results of the seismic hazard evaluation and
site response analyses performed for Ash Pond B at the Winyah Generating Station (WGS or Site).
This calculation package 1s provided as Attachment 3 to the 2027 Periodic Safety Factor Assessment
(2021 Safety Factor Assessment Report). Seismic hazard analysis tor the Site includes the selection
of an appropriate hazard level and associated hazard parameters. Based on the selected hazard level
and associated hazard parameters, site response analyses were performed to evaluate the local site
effects on the selected time history records propagated from the hypothetical firm ground outcrop
to the ground surface of the Site. The objective of this site response analysis is to calculate
accelerations and shear stresses within the critical representative soil profile of the Ash Pond B
perimeter dikes. Cyclic shear stresses will be used to evaluate liquefaction potential for dike fill and
foundation soils and to calculate the seismic coefficient for seismic slope stability analyses presented
m Attachments 4 and 5 of the 2021 Safety Factor Assessment Report, respectively.

SEISMIC HAZARD EVALUATION

Seismic hazard analysis for the Site includes the selection of: (1) appropriate hazard level; and (i1)
associated hazard parameters. The appropriate hazard level 1s often expressed in probabilistic terms
as a specific hazard level that has a certain probability of exceedance in a given time period.
Selecting the hazard parameters includes developing an understanding of the seismic sources,
ground motion attenuation, and site response. The goals of this section are to: (i) develop the target
response spectrum, including the peak ground acceleration (PGA), at a hypothetical firm ground
outcrop at WGS corresponding to the appropriate seismic hazard level; (ii) select the carthquake
magnitude that contributes predominantly to the seismic hazard at WGS; and (111) select a set of
ground motion time histories that envelope the target spectrum, and are generally consistent with
the source and path characteristics of ground motions at WGS.

Seismic Hazard Level

On 17 April 2015, the United States Environmental Protection Agency (USEPA) published the CCR
Rule (40 Code of Federal Regulations [CFR] Parts 257 and 261). §257.63(a) of the CCR Rule states
that:

“New CCR landfills, existing and new CCR surface impoundments, and all lateral expansions of
CCR units must not be located in seismic impact zones, unless the owner or operator demonstrates

GCE100/Attachment 3 - Seismic Hazard and Site Response Analysis.docx
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by the dates specified in paragraph (c) of this section that all structural components including liners,
leachate collection and removal systems, and surface water control systems, are designed to resist
the maximum horizontal acceleration in lithified earth material for the site.”

§257.53 of the CCR Rule defines the maximum horizontal acceleration in lithified earth material as:

“... the maximum expected horizontal acceleration at the ground surface as depicted on a seismic
hazard map, with a 98 percent or greater probability that the acceleration will not be exceeded in
30 vears, or the maximum expected hovizontal acceleration based on o site-specific seismic risk
assessment.”

A 98 percent or greater probability of not being exceeded in 50 years (or 2 percent probability of
exceedance in 50 vears) corresponds to a return period of approximately 2,500 years. The Preamble
of the CCR Rule indicates that USEPA selected this return period by considering a typical operating
life for CCR surface impoundments (1.e., 50 years) and its common use 1 seismic design criteria
throughout engineering (e.g., American Society of Civil Engineers [ASCE] 7-16 [2016]). For the
CCR surface impoundments at WGS, closure was initiated in 2021 and is expected to be complete
m less than 15 years. Therefore, an earthquake return period of approximately 750 years was
conservatively selected for the 2021 Safety Factor Assessment of Ash Pond B {1.e., two percent
probability of exceedance in 15 years) following the basis for selecting the return period of
approximately 2,500 years for typical CCR surface impoundments. A 750-year return period is
approximately equivalent to an annual frequency of exceedance of 1.33E-03.

Peak Ground Acceleration (PGA)

PGA values corresponding to different hazard levels and different site conditions, including firm
ground outcrops, are published as seismic hazard maps or curves. The 2016 Safety Factor
Assessment Report (Geosyntec, 2016) referenced seismic hazard maps presented in the South
Carolina Department of Transportation (SCDOT) Geotechnical Design Manual (GDM) (SCDOT,
2010y for selection of a PGA to incorporate local site effects for the Charleston Seismic Zone
researched by Chapman and Talwani (2006). The GDM was updated in 2019 (SCDOT, 2019) and
does not present the seismie hazard maps referenced 1n the 2016 Safety Factor Assessment Report.
Moreover, SCDOT is updating seismic hazard maps at the time of this seismic hazard evaluation.

As an alternative, United States Geological Survey (USGS) hazard curves for two percent
probability of exceedance in 15 year ground motion (1.e., approximately 750-year return period
event} at the BC boundary (i.¢., boundary between National Earthquake Hazard Reduction Program
[NEHRP] site classes B and C with a mean shear wave velocity of 2,500 {t/s) were used to estimate
the PGA and spectral accelerations for a hypothetical firm ground outcrop, similar to “geologically

GCE100/Attachment 3 - Seismic Hazard and Site Response Analysis.docx
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realistic” site conditions, at the Site. The data available at the USGS website (Petersen et al., 2019)
use pre-calculated hazard values at nearby grid locations and interpolate the hazard value for a given

site location. As presented in Figure 1, the interpolated PGA from USGS hazard curves 1s 0.15g for
the Site.

Earthquake Magnitude

In a probabilistic seismic hazard analysis, the PGA cannot be associated with a single earthquake
event due to the hazard contribution from multiple possible events. An earthquake moment
magnitude (Mw) value 1s required to conduct liquefaction potential analyses and select earthquake
time histories. A process called deaggregation can be performed for sites that have multiple hazard
sources using the most up-to-date USGS (2014) deaggregation tool.

Figure 2 presents the deaggregation for the PGA at the Site. A 7.3 moment magnitude earthquake
event at a source-to-site distance of approximately 70 km 1s the modal event contributing to the
hazard at the Site. Thus, a 7.3 moment magnitude was selected for liquefaction potential analyses
and time history selection for WGS.

Target Acceleration Response Spectra

Using the USGS hazard curves, the uniform hazard spectrum (UHS) was developed for an
approximately 750-year return period event at the BC boundary to represent the “geologically
realistic” target acceleration response spectrum for WGS (Figure 3). The “geologically realistic”
target acceleration response spectrum has a PGA (represented by a spectral period of 0.005 seconds)
of 0.15g and a peak spectral acceleration of 0.40g at a spectral period of 0.075 seconds.

Time Histories

Time histories of ground motions are used as input for site response analysis and are selected such
that their response spectra match or exceed the target spectrum. While use of recorded ground
motion time histories from earthquakes with similar source characteristics is preferred, synthetic
motions may be used if recordings are not available for a particular tectonic setting. Earthquake
events with a moment magnitude, Mw, 7.0 or greater have not occurred in the stable continental
tectonic environment of the Central and Eastern United States since the Charleston earthquake n
1886, so ground motion time history records matching the seismic source characteristics for the
WGS are generally not available. Two synthetic acceleration time histories were selected from the
six synthetic acceleration time histories developed for the Site using the USGS Interactive
Deaggregation tool (USGS, 2002). These time histories are referred to herein as Winyahl and
Winyah?2, and provide a reasonable match to the short-period portion of the “geologically realistic”
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target acceleration response spectrum. Three time histories, BOS-T1, DEL090, and YER360, were
selected to provide a conservative envelope for the long-period portion of the “geologically realistic”
target acceleration response spectrum. The three time histories were developed by McGuire et al.
(2001) as part of a study for the Nuclear Regulatory Commission to provide time histories
representative of expected earthquake events in the Central and Eastern United States. Also, one
time history (RSN8529-HNE) from the Next Generation Attenuation — East (NGA East) database
(Goulet et al., 2014), which provides a database of time histories recorded for earthquake events in
the Central and Eastern United States, was selected to also provide a conservative envelope for the
fong-period portion of the “geologically realistic” target acceleration response spectrum. As shown
in Figure 4, this suite of six time histories provides a reasonable envelope of the “geologically
realistic” target spectrum for the Site over a broad range of periods. Time histories were scaled
the site response evaluation computer program to match the target PGA of 0.15g. These scaled
acceleration time histories are presented in Appendix 1. Additional details of the time histories are
presented in Table 1.

SITE RESPONSE ANALYSIS

Site response analyses were performed to evaluate the effect of local site conditions on the
propagation of earthquake ground motions at the Site. The objective of the site response analysis
for the 2021 Safety Factor Assessment Report is to calculate updated accelerations and shear stresses
at the critical profile observed in the 2016 Safety Factor Assessment (Geosyntec, 2016). Calculated
shear stresses are used to evaluate the liquefaction potential (Attachment 4 of the 2021 Satety Factor
Assessment Report) and seismic stability (Attachment 5 of the 2021 Safety Factor Assessment
Report) for the Ash Pond B perimeter dikes.

Methodology for Site Response Analysis

Site response analyses presented herein were conducted using DEEPSOIL® (Hashash et al., 2020),
a one-dimensional nonlinear site response analysis program. The program assumes that all the soil
layers are perfectly horizontal (1.e., “layer cake™) and that ground response is mainly caused by
vertically-propagating, horizontally polarized shear waves. This assumption is valid for many
geotechnical cases including the analyses of the Site. Under these assumptions, the subsurface
stratigraphy 1s modeled as a one-dimensional column of soi1l layers for the analyses.

DEEPSOIL® employs a viscoelastic material model, described by its shear modulus (G), mass
density (p) or unit weight (y), and material damping ratio (D). Preliminary equivalent-linear site
response analyses yielded calculated maximum shear strains greater than tive percent m some
layers, which 1s greater than the shear strams for which equivalent-hnear analyses are considered

GCE100/Attachment 3 - Seismic Hazard and Site Response Analysis.docx
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applicable (1.e., one to two percent) (Kaklamanos et al., 2013). Therefore, nonlinear site response
analyses were performed.

Input Parameters for Site Response Analysis

Input Motions

As discussed in the Time Histories subsection, six aceceleration time histories were selected and
scaled to match the target PGA of 0.15g. These ground motions were applied as outerop motions
in DEEPSOIL® at the top of the half space.

Representative Soil Profile

Santee Cooper personnel indicated that no changes were made to the Ash Pond B perimeter dikes
and adjacent areas outside the dikes since preparation of the 2016 Safety Factor Assessment Report.
Also, no additional geotechnical subsurface investigations have been conducted since 2016.
Therefore, the subsurface stratigraphy developed in the 2016 Safety Factor Assessment 1s still valid
and was also used for the 2021 Safety Factor Assessment. A detailed description of the subsurface
stratigraphy is presented in the 2016 Safety Factor Assessment Report (Geosyntec, 2016).
Information specific to the site response analysis 1s presented herein.

To develop representative soil profiles, the Ash Pond B perimeter dike was divided mto two sections
depending on the depth of the dike fill and the Vi profile of the subsurface as shown in Figure 5.
'The top of the dike is roughly at the same elevation by the intake/discharge canals (West) and the
cooling pond (East). However, the dike fill extends to greater depths near the cooling pond. Two
representative profiles to 100 ft below ground surface (bgs) were developed for the perimeter dike:
(1) one by the intake/discharge canals (Profile 1); and (11) one by the cooling pond (Profile 2). The
2016 Safety Factor Assessment identified a section with lower calculated factors for slope stability
along the Cooling Pond (Geosyntee, 2016). Therefore, site response analyses were only performed
for Profile 2, which contains the critical section identified i the 2016 Safety Factor Assessment, for
the 2021 Safety Factor Assessment Report to provide an updated evaluation of the critical area of
Ash Pond B. The representative profile is shown in Figure 6.

A review of the topographic survey data from August 2021 (McKim & Creed, 2021) indicated the
top of ash surface adjacent to Profile 2 of Ash Pond B is similar to the surface used for the 2016
Safety Factor Assessment Report . Santee Cooper provided available water level measurements
from wells in the area of Ash Pond B. The recorded water levels in these wells have generally been
steady over the last five years. Based on the review of the topographic survey and available water
level measurements adjacent to Profile 2, the water level within the perimeter dike 1s expected to be
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similar to the water level used for the 2016 Safety Factor Assessment Report. The site response
analyses for Ash Pond B in the 2016 Safety Factor Assessment Report considered a water table 15
ft bgs. Therefore, site response analyses for the 2021 Safety Factor Assessment were performed
with the water table modeled at 15 ft bgs.

Profile 2 was extended to a depth of 500 ft bgs using information on deep Vi profiles derived from
URS (2001) and S&ME (2001). At that depth, the deep Vs profiles indicate the presence of firm
Coastal Plain sediments with V; of approximately 2,300 {t/s, which is consistent with the definition
of “geologically realistic” soil conditions and approximately represents the BC boundary. The site
response analysis presented in this package thus considers the full depth of the soil column (1.e., 300
ft bgs), but results are presented for the soil column to a depth of approximately 100 ft bgs to
emphasize the near-surface response.

IDvnamic Soil Properties

Shear Modulus Reduction and Damping Curves

The modified Kondner-Zelasko model implemented in DEEPSOIL? is described in Matasovic
{1993). The shear modulus reduction and damping curves are required as input parameters to the
constitutive soil model, and were developed with consideration of regional soil characteristics based
on guidance presented m the SCDOT GDM (2019) and previous geotechnical reports of the Site.
Adopting relationships proposed by Stokoe et al. (1995 and 1999), Andrus et al. (2003) developed
regression equations for shear modulus reduction and damping curves suitable for South Carolina
soils. The regression equations are presented in the SCDOT GDM (2019). These region-specific
curves are a function of the plasticity mdex (PI) of the soil, effective mean stress, and geologic age
and location of soil deposits. Geologic interpretation of the foundation soil at WGS by Paul C.
Rizzo Associates (PCRA) (PCRA, 1999) and the SC Department of Natural Resources (DNR)
(2012) indicates the native foundation soils above the Chicora and Williamsburg Formation strata
are Pleistocene deposits. The dike fill soils were considered to be a Holocene deposit because the
perimeter dikes were constructed of compacted earthen fill in 1979-1980. The shear modulus
reduction and damping curves were calculated for the dike fill and foundation soils located above
the Chicora and Williamsburg Formation strata. Soft rock curves (Silva et al., 1997) were selected
for the Chicora and Williamsburg Formation strata to be consistent with the Vi-based classification
mdicating soft rock conditions. Pacific Engineermg (S&ME, 2001) also used these soft rock shear
modulus reduction and damping curves to perform the site response analysis of an ammonia tank
building onsite. Figure 7 presents shear modulus reduction and damping curves used for these
analyses. An example of the development of the dynamic curves and the references are provided in
Appendix 2.
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Representative Shear Wave Velocaity Profile

Geosyntec developed representative Vs profiles of the dike fill and foundation soils using both direct
measurements from Seismic Cone Penetration Tests (SCPTs) and estimates using Cone Penetration
Tests (CPTs) and associated correlations. Upon evaluation of several correlations, the Mayne
{2006) correlation was found to agree most closely with results of site-specific Vs measurements.
This correlation 1s as follows:

Vs = 118.8log(fs) +18.5
where,

Vs = shear wave velocity (m/sec); and
fs = sleeve friction from CPT (kPa).

Appendix 3 presents SCPT measurements, estimated values, and the selected V; profile. Figure 8
shows the shallow (depths less than 100 ft bgs) Vs profile used for the site response analyses
presented herein. As described previously, the profile was extended to a greater depth to layers with
Vs of approximately 2,300 ft/s to be consistent with the definition of “geologically realistic™ soil
conditions.

Unit Weight

Unit weights of the dike fill and foundation soils were selected predominantly based on laboratory
measured values as presented in the 2016 Safety Factor Assessment Report (Geosyntec, 2016). The
selected unit weight of the dike fill was 125 pcf. The selected unit weight of the foundation soils
was 115 pef. Unit weights of the Chicora and Willlamsburg Formation soils were assumed to be
130 pefand 105 pef, respectively, based on Standard Penetration Test (SPT) N-values and material
descriptions presented in the PCRA (1999) report. Williamsburg Formation soils at depths greater
than approximately 110 feet bgs were assumed to have unit weights of 125 pcf.

Site Response Analysis Results

Figure 9 shows calculated maximum shear strain and shear stress profiles for Profile 2. The
maximum shear strains produced by one of the motions (BOS-T1) is relatively large in the
foundation soils, supporting the use of nonlinear site response analyses. Calculated accelerations
within the soil profile are presented in Appendix 4. The envelopes of maximum shear strain and
shear stress for the six motions for Profile 2 are presented in Figure 10. The calculated envelope of
maximum shear stress {(tmax) values at different depths 1s presented in Table 2. These values were
used to calculate cyclic stress ratios for the evaluation of liquefaction potential (Attachment 4 to the
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2021 Safety Factor Assessment Report) and to calculate the seismic coefficient for seismic stability
analyses (Attachment 5 to the 2021 Safety Factor Assessment Report).

CONCLUSIONS

s The design PGA was conservatively selected to be 0.15g. This firm ground PGA
corresponds to an event with a probability of exceedance of two percent in 15 vears (e,
event with a 750-year return period) and is representative of a motion expected for the
“geologically realistic” site condition presented in the SCDOT GDM (2019).

» The design earthquake was assumed to have an Mw of 7.3 based on the deaggregation of the
probabilistic seismic hazard analysis. This Mw was used for so1l hquefaction analysis and
time history selection.

s A target response spectrum for “geologically realistic” site conditions was developed using
the USGS seismic hazard curves (Petersen et al., 2019) and 1s presented 1n Figure 3.

s Six time history recordings were used for the site response analyses. Two synthetic time
histories were obtamed using the USGS Interactive Deaggregation tool (USGS, 2002), three
of the time histories were selected from the McGuire et al. (2001) database, and one of the
time histories was selected from the NGA East database (Goulet et al., 2014). The time
histories were scaled to match the design PGA of 0.15¢ for site response analyses.

¢ Nonlinear site response analyses were conducted using DEEPSOIL® (Hashash et al., 2020).
The critical soil profile identified in the 2016 Safety Factor Assessment was used for the site
response analyses. The analyses used region-specific shear modulus reduction and damping
curves. The shear wave velocity profile was estimated from measured SCPT values and
correlations between Vs and measured CPT sleeve frictions. The inputs used for the profile
in DEEPSOIL® are shown in Appendix 5.

e The site response analysis results are presented in Figures 9 and 10. The calculated
maximum shear stresses are presented 1n Table 2 and are used for evaluation of soil
liquefaction potential and calculation of the seismic coefficient for seismic stability analyses.
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Tables



Table 1. Summary of Hazard Parameters of the Time Histories Selected for Site Response

Analysis
Site R | PGA | T
Name Class | ™ | am) | (o (sI;
BOS-T1 . 740 | 261 | 014 | 0.36
DELO090 C 670 | 393 | 027 | 022
RSN8529-HINE C 574 | 1241 | 0.09 | 026
Winyahl A 704 | 302 | 056 | 008
Winyah2 A 704 | 302 | 056 | 0.10
YER360 C 730 | 249 | 022 | 022

Note:
1. All accelerations are scaled within DEEPSOIL® to match the target PGA of 0.15g.



Table 2. Calculated Maximum Shear Stress Envelope

Profile 2
Depth (ft) | Tmax (psh)
1.5 19
5.0 57
9.0 87
13.0 111
17.0 140
20.5 166
24.5 190
29.5 206
34.5 215
39.5 221
44.5 233
49.5 295
57.0 380
67.0 474
77.0 601
87.0 738
97.0 873
107.0 1026
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Appendix 1

Selected Time Historjes






Appendix 2

Shear Modulus Reduction and Damping Curve Selection



As mdicated in the package, Geosyntec developed region-specific shear modulus reduction and
damping curves based on the procedures presented in SCDOT GDM (2019). Figures 2-1 and 2-5
show the procedures. An example calculation following these procedures 1s presented as follows.

Shear Modulus Reduction Curve for the foundation soil in Profile 2
(see Figure 2-1 for description on each step; see Figure 2-2 for the profile)
Step 1 — age of the soil layer: Pleistocene deposit.
Step 2 — soil type: sandy soils with PI=0; groundwater table @@ 15 ft bgs.
Step 3 — calculate om'@ mid-depth of the layer (34.5 ft bgs)

ov' =yH — ywHw = 125%22 + 115x12.5 — 62.4x19.5 = 2970.7 psf

om' = oy {1+2K'%)/3 =2970.7x(1+2x0.47)y/3 = 1921.2 psf

(Ko' = 1- smé' = 1- sin(32) = 0.47)

Step 4 — om' for the upper and lower native soils are within £50% on' value calculated above. The
modulus reduction curve developed here can be used for the entirety of the foundation soils in
Profile 2.

Step 5 — select the parameters w, v:1, £ from Figure 2-4.
vi1 = 0.018%, a =1.00, k= 0.454

Step 6 — compute the reference strain using SCDOT GDM Equation 7-135 (see Figure 2-3 for the
equation).

v = i1 (6P = 0.018x(1921.1/2089)%45 = 0.0173%

Step 7 — compute shear modulus reduction curve using SCDOT GDM Equation 7-134 (see Figure
2-3 for the equation)

6 1
Conar  14()E
Ray ?—r

Tf v = 0.001%, G/Gmax = 1/[1+(0.001/0.0173)] = 0.945
Iy = 0.01%, G/Gmax = 1/{1+(0.01/0.0173)] = 0.634

Ifv=0.1%, G/Guax = /[ 14+(0.1/0.0173)] = 0.148



Damping Curve for the foundation soil in Profile 2

(see Figure 2-5 for description on each step; see Figure 2-2 for the profile)

Steps 1 through 4 are the same as those for modulus reduction curve development.

Step 5 — select small-strain material damping @ on' = 1 atm, Dmim from Figure 2-6.
Dimin1 = 0.59%

Step 6 — compute the small strain material damping, Dmin, using SCDOT GDM Equation 7-137 (see
Figure 2-7 for the equation).

Diin = Dinint {Gu'/Pa) ™ = 0.59%(1921.1/2089y %043 = 0.601%

Step 7-9 — instead of taking Steps 7 through 9, use SCDOT GDM Equation 7-138 to compute
damping ratio curve (D).

D = 12.2 (G/Gmax)* — 34.2 (G/Gumax) + 22.0 + Duin
Ify=0.001%, D = 12.22(0.945) - 34.2x(0.945) + 22.0 + 0.601=1.17%
Ify=0.01%, D= 12.2x(0.634)* — 34.2x(0.634) + 22.0 + 0.601= 5.82%
Ify=0.1%, D = 12.2x(0.147)* — 34.2%(0.147) + 22.0 + 0.601= 17.82%
Shear Modulus Reduction and Damping Curves for Chicora / Williamsburg Formation

Figure 2-8 presents shear modulus reduction and damping curves used for Pacific Engineering’s site
response analyses of the Ammonia tank building located at the WGS.



























Appendix 3
Shear Waye Velocity Profjle Selection









Appendix 4

Calculated Acceleration Profiles






Appendix 5
DEEPSOIL® Input
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LIQUEFACTION POTENTIAL ANALYSIS: ASH POND B

INTRODUCTION

This liquefaction potential analysis calculation package (Liquefaction Package) was prepared to
present the evaluation for liquefaction potential of the perimeter dike soils forming Ash Pond B and
foundation soils beneath the perimeter dike at Winyvah Generating Station (WGS or Site).  This
calculation package is Attachment 4 to 2021 Periodic Safety Factor Assessment: Ash Pond B (2021
Safety Factor Assessment Report) prepared by Geosyntec Consultants, Inc. (Geosyntec) to
demonstrate compliance with the United States Environmental Protection Agency’s (USEPA) Coal
Combustion Residuals (CCR) Rule with respect to the periodic safety factor assessment criteria
presented m 40 Code of Federal Regulations (CFR) 257.73(e). Ground motions and resulting shear
stresses for the design seismic event are presented in Attachment 3 Seismic Hazard Evaluaiion and
Site Response Analysis: Ash Pond B (Site Response Package) to the 2021 Safety Factor Assessment
Report. The liquefaction potential of soils was evaluated using results from soil borings and cone
penetration test {CPT) soundings advanced through the Ash Pond B perimeter dike and collected
durtng Geosyntec’s 2013 and 2016 geotechnical subsurface investigations and a historical
investigation (PCRA, 1993) for which boring logs are available. Details of these investigations are
discussed in 2016 Surface Impoundment Periodic Safety Factor Assessment Report: Ash Pond B(2016
Safety Factor Assessment Report) (Geosyntec, 2016). The remainder of this Liquefaction Package
presents: (1) methodology; (i) analysis cases; (ii1) input parameters; (iv) results; (v) conclusions; and
(vi) references.

METHODOLOGY

Current state-of-practice procedures for evaluating the liquefaction potential of a soil were developed
based on case histories of occurrences and non-occurrences of liquefaction due to past earthquakes.
Occurrences (or non-occurrences) of liquefaction were determined by presence (or absence) of surface
manifestations of liquefaction such as sand boils, ground cracking, slope movements, and/or flow
failures. Surface manifestations were generally present if large excess pore pressures are generated
during seismic loading and “liquefaction™ is triggered. Therefore, if soils at a particular site are not
expected to undergo triggering of liquefaction based on the state-of-practice or regulatory guidance,
additional analyses, such as post-liquefaction slope stability or lateral spreading estimations, are not
necessary for the anticipated seismic ground motions.

1t was assumed that soils classified as Organic Peat, Silt, and Clay, or a combination of these materials,
are typically not susceptible to liquefaction. Additionally, soils that exhibit “clay-like” behavior
according to data collected during CPT soundings were also screened as not susceptible to
hiquefaction. “Clay-like” behavior was defined as a soil with a Soil Behavior Index (Ic) greater than
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2.60. The interpretation of CPT soundings and the computation of Ic are discussed in the 2016 Safety
Factor Assessment Report (Geosyntec, 2016} and reiterated below. If a zone of so1l screened as not
susceptible to liquefaction by the above criteria, the soil zone was assigned a factor of safety (FS)
against liquefaction triggering of 2.0. The criteria recommended by Bray and Sancio (2006) were
typically applied at WGS to evaluate the susceptibility of fine-grained soils to cyclic softening.
However, fine-grained soils were not encountered except within a few CPT soundings and
representative samples were not collected in the vicinity of the Ash Pond B perimeter dikes. Thus, the
criteria recommended by Bray and Sancio (2006) were not applicable or applied on samples collected
from the Ash Pond B area.

The liquefaction analysis described below was performed based on the simplified procedure
recommended by Seed and Idriss (1971) and later updated by Boulanger and Idriss (2014), unless
otherwise indicated. Analyses were performed on both the CPT soundings and SPT borings. The
methodology to compute the potential of soils to liquefy and the factor of safety against liquefaction
are described below.

Cyclic Stress Ratio

The Cyclic Stress Ratio (CSR) 1s a measure of the shear stresses developed during an earthquake and is
normalized with effective overburden stress. The CSR for a depth 1nterval is calculated as follows:

_ FTmax
CSRy 1, = 0.65 o ()
where:
CSRu.eve = cyelic stress ratio due to an earthquake with a magnitude, M, for an effective
vertical stress, G'vo, at the depth interval {(dimensionless),
Tmax = maximum shear stress developed at the depth interval during the seismic
loading (psf); and
G've = effective vertical stress at the depth interval (psf).

The CSR represents the loading or demand on a soil unit during an earthquake.
Corrected Normalized CPT Sounding Interpretation

To evaluate the resistance or capacity of the soil against liquefaction, soil data must be interpreted
from each boring or CPT sounding. A discussion of the interpretation of the CPT data 1s provided in
the 2016 Safety Factor Assessment Report (Geosyntec, 2016). Eqguations used in the interpretation are
reiterated below.

The normalized cone tip resistance ratio, Q, and normalized friction ratio, F, were calculated by:
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_ {4 Ovo Pa )n
Q= (572) (7% @
and,
fs
F= x 100% 3
Gc—0vo
where:
Qe = measured tip resistance (tst);
Ovo = total vertical stress (tsf);
G'vo = effective vertical stress (tsh);
Pa = atmospheric pressure (Pa= 1.058 tst);
n = varies from 0.5 for sands to 1.0 for clays; and
fs = measured sleeve friction (tsf).

It 1s noted that the tip resistance {(c) measured in the field must be adjusted for pore pressure effects on
the cone tip if the data collection software does not automatically account for the area ratio of the cone.
This correction 1s discussed within the 2016 Safety Factor Assessment Report (Geosyntec, 2016).

The soil behavior type index, I, as derived by Robertson and Wride (1998) is calculated by:

I, = [(3.47 —log (Q))° + (log(F) + 1.22)2]0'5 (4)

The Ic 1s used to compute the soil behavior type (SBT) index which may be used to infer the type of
soil that 1s present at the depth mterval.

To compute the resistance of a soil interval against liquefaction, the overburden-corrected tip
resistance, qcl, must be computed for the depth interval. gci can be computed as follows:

qc1 = CnCe (%)
where:
Cn = overburden correction factor = (P, /0", )1338-0249(dcines)
gelN = normalized tip resistance q.q /P, (dimensionless); and
el Ncs = equivalent clean sand corrected tip resistance defined in the Cyelic Resistance

Ratio (CRR) section.

The computation of Cnx was limited to a maximum value of 1.7 and 1s apphcable for values of geines
between 21 and 254. As evident in the equations above and below, the computation of g1, qan , and
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geiNes 18 an iterative procedure, which was performed using an algorithm developed within the
MathCAD® computation software.

Corrected Normalized SPT Blow Count

Interpretation of soil test borings and SPT blow counts is discussed within the 2016 Safety Factor
Assessment Report (Geosyntec, 2016) but 1s briefly reiterated below. The corrected normalized SPT
blow count, (Ni)se, which 1s applied in computing resistance of a soil against liquefaction, was
calculated by the following equation presented by Idriss and Boulanger (2008).

(N1)6o = NineasCECpCsCrCn (6}

where:

Nmeas = measured SPT blow count (blows/ft);

Ce = correction factor for energy ratio;

Cr = correction factor for borehole diameter;

Cr = correction factor for rod length;

Cs = correction factor for sampler; and

Cn = correction factor for overburden pressure.

The correction factor for the applied energy (Ce) 1s dependent on the type and calibration of the
hammer system attached to the drill rig. The correction factor (Cg) converts the measured N-value to a
standard value, which assumes a 60 percent efficiency of the hammer system. This correction factor
was computed as follows:

Cp == (N

where:

ER = energy ratio of the SPT hammer system.

Energy ratios selected for these analyses are discussed later within this Liquefaction Package. The
correction factors above (excluding Cx) are given in Table 1. Cx was calculated for equivalent clean
sand corrected SPT blow counts, (Ni)soes, (defined 1 the Cyclic Resistance Ratio (CRR) section)
values less than 46 blows per foot, as follows:

(8)

p. (0.784-0.0768./ (N1 socs)
e =(G2)

7
Ovo

where:
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Pa = atmospheric pressure (2,117 psf); and
G've = effective vertical stress (psf).

The computation of Cx was limited to a maximum value of 1.7. As evident in the equations above and
below, the computation of (Ni)so and (N1)soes 1s an iterative procedure, which was performed usmg an
algorithm developed within the MathCAD® computation software.

Cyeclic Resistance Ratio (CRR)

The Cyclic Resistance Ratio (CRR) is a measure of a soil’s resistance to triggering of liquefaction.
The CRR was computed from CPT sounding data based on the corrected tip resistance of clean sand
for an earthquake of magnitude = 7.5 and an overburden pressure of one atmosphere, as follows:

CRR . = ex (QClNcs + (QC}NCS)Z _ (QCiNcs)g + (QCZNCS)4 —28 9)
M=7.3,0"yo=1atm P\ 1000 140 137 .

Equation 9 is considered valid for the equivalent clean sand corrected tip resistance {qeiNes) with values
less than 211. For clean sands, geines, 1s equivalent to geix, but for soils with some percentage of fines,
QelNes = QeIN + Aqein, where the correction factor, Aqan, is given by:

q 9.7 157 \2
AQein = (11.9 + ﬁ) X eXp (1.63 - (Fm) ) (10)
where:

FC = percent of fines (by mass).

Using corrected SPT N-values, the CRR was computed similarly for an earthquake of magnitude, M =
7.5, and an overburden pressure of one atmosphere, using corrected SPT N-values, as follows:

2 3 4
CRRy 75, 0rvoms ot = 59 (P52 + () — (Spee) 4 (S2=) —28) ()

For clean sands, the equivalent clean sand value of the SPT penetration resistance (Ni)socs, 1S
equivalent to (Ni1)se, but for soils with some percentage of fines, (N1)soes = (N1)so + A(Ni)eo, where the
correction factor, A(Ni)so, 15 given by:

9.7 157 \?2
A(N;)go = exp (1-63 * FCroo1 (FC+8.01) ) (12)

The selected fines content (FC) values used i these computations are discussed later within this
calculation package. It is noted that A(N1)eo is limited to a maximum value of 5.5.
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Overburden Correction Factor

The overburden correction factor, K, was introduced by Seed (1983) to adjust the CRR to a reference
value of effective overburden stress because the CRR of sands is dependent on the effective
overburden stress. The recommended relationship for Ke 1s given by:

K, =1—Cgln ("p"} <11 (13)
where:
Co=1/(37.3—-8.27(qeines) 2%} < 0.3 for CPT soundings. (14)
and,
Co=1/(18.9— 255((N))gqes)™™) = 0.3 for SPT borings. (15)

Furthermore, Equations 14 and 15 are applicable for qeines and {Ni)soes values less than 211 and 37
blows per foot, respectively. The overburden correction factor 1s used in liquefaction potential
computations to adjust the CRR to a common effective overburden stress as shown by the following
equation:

CRRy =K X CRRy _qatm (16)
Magnitude Scaling Factor (MSF)

The magnitude scaling factor (MSF) 1s applied to adjust the CRR to the design earthquake magnitude,
M. For cohesionless soils, the MSF is calculated using the equation below:

MSF = 69 x exp () — 0.058, and MSF < 1.8 (17

The MSF was calculated as 1.05 for a magnitude 7.3 earthquake, which was selected based on the
deaggregation of the probabilistic seismic hazard as described in the Site Response Package.

The CRR for a magnitude M earthquake is calculated as follows:

CRRy = MSF X CRRy 75 (18)
Age Correction Factor (Kpgr)

Correlations associated with liquefaction potential analysis were developed based on case histories of
the presence or absence of liquefaction in relatively young soil deposits (1.e., Holocene age). As
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described in the South Carolina Department of Transportation (SCDOT) Geotechnical Design Manual
(GDM) (2019), the CRR may be adjusted to account for diagenesis and other age-related effects i
older soils that have not previously experienced liquefaction. Equation 13-30 of the SCDOT GDM
computes the Age Correction Factor (Kpr) based on its age (t in years) as:

Kpg = 0.13log,(t) + 0.83 (19a)

The Kpr in Equation 19a 1s limited to a maximum value of 2.09. Meanwhile, Andrus et al. (2008)
presents a similar equation for the Kpr as:

Kpr = 0.1910g,4(t) + 0.68 (19b)

Tt 1s noted that “t” 1s considered based on the “geotechnical age” instead of the “geologic age”
Geologic age is the time since initial soil deposition; whereas geotechnical age 1s the time since the last
significant liquefaction event resulting in re-sedimentation of the soil fabric.

The CRR for sand strata was adjusted by the age correction factor to account for this aging effect, and
1s computed as follows.

CRRM,K = KDR X CRRM (20)
Factor of Safety

The factors of safety against triggering of liquefaction (FSiig) for both SPT and CPT analyses were
computed by:
CRRM’G’VO, Kdr (2 l )

CSRpotgg

FSliq =

where:

CRRM. o'vo, kar = cyclic resistance ratio adjusted for earthquake magnitude, effective
overburden stress, and deposit age (CRRy_7547 =1 atm X Ko X MSF X Kpg);
and

CSRuM. a'vo. = cyclic stress ratio for the corresponding design earthquake magnitude and
overburden stress at the depth interval.

ANALYSIS CASES
As noted previously, liquefaction potential computations were conducted on soil data collected from

soil borings and CPT soundings overseen by Geosyntec in 2013 and 2016 and from field investigation
data collected by Paul C. Rizzo Associates (PCRA) (1993). Santee Cooper personnel indicated that no
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additional geotechnical subsurface investigations have been conducted since 2016. Computations were
limited to soil borings and CPT soundings located through the dike centerline into the dike fills and
foundation soils immediately underlying the perimeter dikes.

Two representative soil profiles of shear wave velocity (Vs) were developed from the dike crest to the
Chicora stratum as presented in the 2016 Safety Factor Assessment Report {(Geosyntec, 2016). These
profiles were developed from direct measurements of Vs and by means of a correlation with CPT
sounding data. As discussed in the 2016 Safety Factor Assessment Report, these representative Vs
profiles were supplemented with historical data to extend the Vs profile into the underlying Chicora
and Williamsburg Formation Clay strata for the site response analyses of Ash Pond B.

No zones were identified to undergo triggering of liquefaction within Ash Pond B under the design
earthquake i the 2016 Safety Factor Assessment. However, the portion of the Ash Pond B perimeter
dikes along the Cooling Pond, represented by Profile 2 in the Site Response Package, was observed to
have lower calculated FSs for slope stability. Site response analyses were performed only for Profile 2
as part of the 2021 Safety Factor Assessment to support an updated evaluation of liquefaction potential
of the subsurface materials in the critical area of Ash Pond B. Therefore, only the investigations along
Profile 2 were considered in the liquefaction potential evaluation presented in this calculation package
(B-1 through B-4, CPT-135, CPT-136, CPT-226, CPT-227, SPT-114, SPT-115, and SPT-309), as
shown on Figure 1.

As described within the Site Response Package, site response analyses of Profile 2 were performed
using six ground motions selected for the Site. A profile of the maximum shear stress (tmax) was
computed for each ground motion and the maximum value at each depth was calculated to create a
single profile of Tmax for Profile 2. The tmex profile was used to compute the CSR at every depth for
each soil boring or sounding. The maximum shear stress at ecach computed depth for Profile 2 is
provided in Table 2. The tmax for depths between the mtervals listed within Table 2 were linearly
mterpolated.

INPUT PARAMETERS

The following section describes the selection of the input parameters applied for the liquefaction
potential analysis.

Total Unit Weight

The total unit weight (y1) was used to calculate the total and effective stresses for the soil column for
each boring and sounding analyzed. For the purpose of this analysis, CPT intervals were assigned a
unit weight based on the ranges presented for soils i the region provided within the SCDOT GDM
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(SCDOT, 2019) and the site-specific laboratory data (Geosyntec, 2016). The assigned unit weight is
dependent on the measured soil behavior index (1<) as follows:

s Clays and clayey sand mixtures (Ic> 2.95) 100 pcf

s Silt to silty sand muxtures (2.60 < 1. <2.95): 100 pcf

e Silty sands to sand mixtures (2.05 < Ic < 2.60): 110 pef
e Sands (1.31<1.<2.05): 120 pef

s Gravelly sands to sands (Ic < 1.31): 125 pef

SPT intervals were assigned total unit weight values based on visual and laboratory observations on
the soil type as follows:

¢ Clays and Silts: 100 pctf

¢ Loose Sands (N < 10 blows/foot): 105 pef

s  Medium Dense Sands (10 blows/foot < N < 30 blows/foot): 115 pef
o Dense Sands (N > 30 blows/foot): 120 pcl

¢ Chicora: 130 pef

s  Willilamsburg Formation Clay: 105 pef

Age Correction Factor

The susceptibility of soil deposits to liguefaction was summarized by type of deposit and geologic age
by Youd and Perkins (1978) {Table 3). Youd and Perkins (1978) observed that younger soils
{Holocene age) generally are the most susceptible to liquefaction. In the South Carolina (SC) region,
the influence of soil age was investigated locally by Arango et al. (2009) and Andrus et al. (2008)
based on cyclic strength testing of high-quality samples of sand and in-situ testing on paleoliquefaction
sites, respectively. Each researcher compared observations and results in each study with the case-
history-based chart for liquefaction triggering developed by Idriss and Boulanger (2008). Andrus
(2008) developed a correlation (Equation 19b) relating soil age to a correction factor for CRR.
Additionally, Leon et al. (2005) investigated a site nearby to WGS (Sampit, SC) and identified soil
ages for sands encountered between 546 to 450,000 years old. Age correction factors (Kpr) were
computed based on Equations 19a and 19b for the range of soil ages observed in the region presented
by Leon et al. (2005) and are provided in Table 4. A Kpr was selected from Table 4 and applied to the
soils that were evaluated to be of geologic and geotechnical ages older than Holocene age (i.e,
foundation sotls).

As shown in Figure 2, soils immediately surrounding Ash Pond B perimeter dikes were deternuned by
the SC Department of Natural Resources (2012) to be of Pleistocene age. It was assumed that these
soils are located beneath the recompacted dike fill soils, which are considered to be of Holocene age
due to the relatively “recent” construction. Based on the range of soil ages presented in Table 4, an
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age correction factor of 1.2 was selected for Pleistocene-aged, foundation soils at WGS.  An age
correction factor of 1.0 was applied for dike fill soils, as these structures are approximately 30 to 40
years old. As noted previously, “geologic” age differs from “geotechnical” age. Geologic age refers to
the overall age of the soil since deposition. Geotechnical age refers to the age of the soil since the last
mstance of liquefaction. The geotechnical age was considered in the selection of Kpr. Dike base
elevations were approximated based on the surface elevation of borings or soundings located at the
dike toe or the prevailing ground surface elevation of the Cooling Pond. Information for the
investigation points considered in this calculation package are summarized in Table 5.

Fines Content

As shown in Equations 9 through 12, the CRR 1s influenced by the fines content {percent particles by
mass passing a No. 200 sieve). An increase in fines content of the soil results in larger CRR. The
2016 Safety Factor Assessment Report (Geosyntec, 2016) showed the fines content of dike fill and
foundation soils 1s somewhat variable across the Ash Pond B footprint. Physical samples are not
collected during CPT soundings and historical borings with laboratory index testing were not available
for the 2016 Safety Factor Assessment, so index test data for each CPT sounding was based on the data
collected from the nearest available soil boring with laboratory index testing, as provided in the 2016
Safety Factor Assessment Report. Index testing, when available, for soil borings were utilized for each
individual SPT N-value. The source of the select fines content for each investigation point is
summarized within Table 5.

Phreatic Surface

The phreatic surface through the perimeter dikes to the downstream toe of the dike at the time of the
2016 Safety Factor Assessment (Geosyntec, 2016) was developed for each individual boring or CPT
sounding based on depth to water measurements, porewater pressure (Ue) signatures, and dissipation
tests. Santee Cooper provided available water level measurements from wells in the Ash Pond B area.
The recorded water levels in these wells have generally been steady over the last five vears. Based on
the review of the available water level measurements, the water level within the perimeter dike and
beyond the downstream toe of the perimeter dike is expected to be similar to the water level used for
the 2016 Safety Factor Assessment. Therefore, as detailed in the Site Response Package, site response
analyses were performed with the water table modeled at 15 ft below ground surface and a maximum
shear stress profile was calculated for this water table elevation.

For the liquefaction potential evaluation presented in this calculation package, the phreatic surface
assumptions through the Ash Pond B perimeter dikes at the time of the boring (TOB) were used to
estimate CRR profiles. CSR profiles were estimated for the time at which the earthquake event occurs
using the phreatic surface assumed for the 2016 Safety Factor Assessment. The elevations of the
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phreatic surface through the Ash Pond B perimeter dikes at the time of the boring (TOB) and at the
time of liquefaction analysis (TOA) for this calculation package are summarized in Table 5.

Energy Calibration for SPT N-Values

As described 1n the 2016 Safety Factor Assessment Report (Geosyntec, 2016), the subcontractor
during Geosyntec’s 2013 investigation, Soil Consultants, Inc. (SCI), reported that the automatic
hammer on the utilized drilling rig had an energy ratio of 88 percent, which was independently
evaluated within six months of the investigation. Borings performed by Mid Atlantic Drilling, Inc.
along the perimeter dikes (SPT-309 and SPT-310) in 2016 utilized a drilling rig with an energy ratio of
77 percent {Geosyntec, 2016).

Historical Borings

Liquefaction potential of dike fill soils was also evaluated using boring logs provided within a PCRA
design report which evaluated the raising of the Ash Pond B perimeter dikes (PCRA, 1993). As stated
previously, correlations developed to predict the liquefaction potential of soils are based on empirical
observations using a standard procedure or method during drilling activitics. PCRA (1993) boring logs
indicate that the 4-inch inner diameter, hollow stem auger borings were advanced by a CME-55
drilling rig equipped with rope and cathead hammer. It was assumed that the rope and cathead
hammer system contained an energy ratio of 70 percent, which was used for borings B-1 through B-4.

RESULTS

The methodology discussed previously was applied within a MathCAD® algorithm similar to the
spreadsheets presented in Idriss and Boulanger (2008). Computations were performed on soil borings
(including the historical borings) and CPT soundings located at the dike centerline. FSigq was
computed at every depth interval where data were collected for soil test borings (in 2-ft or 5-ft
intervals) and CPT soundings (in 0.16-ft intervals). The computed FSiq for the soil borings and CPT
soundings within Profile 2 of Ash Pond B are shown on Figures 3 through 7. Figure 3 shows SPT-114
and B-4, which are located at the southern end of Profile 2. Subsequent figures depict calculation
results for soil borings and CPT soundings positioned progressively north along Profile 2. Example
calculations are provided within Appendix 1.

The computed FSiq typically exceeded 2.0 within dike fill and foundation soils immediately below the
Ash Pond B perimeter dikes along the Cooling Pond (Profile 2).

CONCLUSIONS

Based on the liquefaction potential computations presented within this calculation package, the
calculated FSiiq are greater than 1.7. Therefore, the dike fill soils (1.e., native soils recompacted to form
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mmpounding perimeter dikes) and foundation soils beneath the perimeter dikes of Ash Pond B are not
expected to undergo triggering of liquefaction during the design earthquake. Given zones expected to
undergo triggering of liquefaction were not identified tor borings and CPT soundings advanced
through the Ash Pond B perimeter dikes, additional post-liquefaction stability and displacement
analyses are not warranted for the Ash Pond B perimeter dikes.
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Table 2. Calculated Maximum Shear Stress Envelope for the Ash Pond B Dike Centerline

Profile 2
Depth (ft) Tmax (pst)
1.5 19
5 57
9 87
13 111
17 140
20.5 166
24.5 190
29.5 206
343 215
39.5 221
445 233
49.3 295
57 380
67 474
77 601
87 738
97 873
107 1026

Notes:
1. Profile 2 refers to the perimeter dikes adjacent to the Cooling Pond. Development of the profile 1s discussed
within the Site Response Package.
2. For caiculation points located in between the depth mtervals listed above, the average Tuwax was linearly
interpelated for liquefaction potential computations.






Table 4. Age Correction Factor (Kpr) based on Soil Age

Soil Age, t (vears) Kpg 1l Kpg !
126 1.10 1.08
546 1.19 1.20
5,038 1.31 1.38
10,000 1.35 1.44
450,000 1.56 1.75

Notes:
1. Kpr computed by SCDOT Geotechnical Design Manual (SCDOT. 2019), as provided in Equation 19a.
2. Kpg computed by Andrus et al (2008) as provided in Equation 19b.



Table 5. Summary of Soil Borings and Soundings Analyzed for Liquefaction Potential

. Dike Base . GWT . GWT
Boring ID | Northing Easting E;tex;tggn Elewi;tion ?n?TTOE};L Depth at (i:‘”’l:[(‘)]i Depth at | FC Basis P:Ig;'ile
TOR TOA
ft ft ft ft
) ft ft NGVD2Y NGVD2Y NGVD2Y ft NGVD2Y ft } )

B-1 546477.391 | 2504902.240 33.6 19.0 226 11.0 259 15.0 SPT-115 Profile 2
B-2 545661.804 | 2504880.619 337 19.0 207 13.0 259 15.0 SPT-115 Profile 2
B-3 544942310 | 2504538.289 33.8 19.0 208 13.0 264 14.05 SPT-309 Profile 2
B-4 544316.506 | 2503866.841 338 19.0 218 12.0 224 15.1 SPT-114 Profile 2
CPT-135 545352802 | 2504767.509 4047 19.0 259 14.55 259 14.55 SPT-309 Profile 2
CPT-136 546698.537 | 2504910.337 40.62 19.0 250 156 250 15.6 SPT-115 Profile 2
CPT-226 545328.105 | 2504766.372 39.69 19.0 237 16.0 237 16.0 SPT-309 Profile 2
CPT-227 546414.575 | 2504926.725 3997 19.0 28.0 12.0 28.0 12.0 SPT-115 Profile 2
SPT-114 544064.630 | 2503599 466 41.48 19.0 224 19.1 224 19.1 SPT-114 Profile 2
SPT-113 545998.280 | 2504990.830 40.90 19.0 239 15.0 259 15.0 SPT-115 Profile 2
SPT-309 | 544483417 | 2504245349 4047 19.0 264 14.05 264 14.05 SPT-309 | Profile 2

Notes:

ft NGVD29 - feet National Geodetic Vertical Datum of 1929; TOB - Time of Boring; TOA - Time of Analysis: GWT - Groundwater Table; FC - Fines

Content.

Dike bottom elevation was estimated based on the elevation of the ground surface in the Cooling Pond (19.0 ft NGVD29).

Borings B-1 through B-4 were conducted in 1993 by PCRA to design the raising of dike structures. It was assumed that the dike was raised to the elevation
of the nearest SPT-series or CPT-series boring performed recently. It was also assumed that the depth to groundwater was similar to that of a nearby boring
or sounding at the time of analysis.

FC Basis refers to the source of the fines content profile for each mvestigation point. Fines content data are provided in the 2016 Safety Factor Assessment
Report {Geosyntec, 2016).
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Appendix 1
MathCAD® Example Calculation
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SAFETY FACTOR ASSESSMENT: ASH POND B

INTRODUCTION

This calculation package was prepared as Attachment 5 to the 2027 Periodic Safety Factor
Assessment: Ash Pond B (2021 Safety Factor Assessment Report) and presents the slope stability
analyses for the critical portion of the Ash Pond B perimeter dikes at Winyah Generating Station
(WGS), Georgetown County, South Carolina. On 17 April 2015, the United States Environmental
Protection Agency (USEPA) published the CCR Rule (40 Code of Federal Regulations [CFR] Parts
257 and 261). Under the CCR Rule, Ash Pond B is classified as an “existing surface impoundment”
and must meet specific requirements with respect to periodic safety factor assessments. This
calculation package presents the slope stability analysis performed as part of the periodic safety
factor assessment required by §257.73(e)(1) of the CCR Rule for existing CCR surface
mmpoundments. The remainder of this calculation package presents: (1) safety tactor criteria; (11)
methodology; (ii1) cross section geometry; (iv) engineering parameters; (v) results; and (vi)
conelusions.

SAFETY FACTOR CRITERIA

Slope stability analyses were conducted to assess whether the critical portion of the Ash Pond B
perimeter dikes satisties the factor of safety (FS) criteria described within §257.73(e)1) of the CCR
Rule. Specifically, §257.73(eX1) requires that:

ITs

(i) The calculated static factor of safety under the long-term, maximum storage pool
loading condition must equal or exceed 1.50.
(ii}  The calculated static factor of safety under the maximum surcharge pool loading
condition must equal or exceed 1.40.
(iii)  The calculated seismic factor of safety must equal or exceed 1.00.
(fv)  For embankments constructed of soils that have susceptibility to liguefaction, the
calculated liguefaction factor of safety must equal or exceed 1.20.”

It is noted that the liquefaction potential analysis results presented in Attachment 4: Liguefaction
Potential Analvsis: Ash Pond B (Liquefaction Package) of the 2021 Safety Factor Assessment
Report did not indicate that the Ash Pond B dike fill or foundation soils immediately beneath the
perimeter dikes are expected to undergo triggering of liquefaction under the design earthquake.
Theretore, the liquetaction FS for the Ash Pond B perimeter dikes utilizing post-liquefaction
residual shear strengths was not evaluated as part of this safety factor assessment.
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METHODOLOGY
Static Slope Stability

Global slope stability analyses were performed using Spencer’s method (Spencer, 1973), as
implemented in the computer program SLIDE®, version 6.039 (Rocscience, 2016). Spencer’s
method, which satisfies vertical and horizontal force equilibrium as well as moment equilibrium, is
considered to be more rigorous than other methods, such as the simplified Janbu method (Janbu,
1973) and the simplified Bishop method (Bishop, 1955).

Both the rotational mode and the non-rotational mode were considered for the stability analyses
presented in this calculation package. SLIDE® generates potential slip surfaces, calculates the I'S
for each of these surfaces, and 1dentifies the critical slip surface with the lowest calculated FS. The
critical slip surfaces are reported in the results of this calculation package. Information required for
these analyses include the slope geometry, subsurface soil stratigraphy, phreatic surface elevation,
external loading conditions, and engineering properties of subsurface materials.

Seismic Slope Stability

Pseudo-static slope stability analyses were performed to evaluate the seismic performance of the
perimeter dike structures using a procedure consistent with Hynes-Griffin and Franklin (1984). The
procedure is described as follows:

1. Estimate the maximum horizontal equivalent acceleration (MHEA) for the potential critical
slip surfaces of the perimeter dike system based on results from the site response analyses
presented in Attachment 3: Seismic Hazard Evaluation and Site Response Analysis: Ash Pond
B (Site Response Package) of the 2021 Safety Factor Assessment Report.

2. Compute the seismic horizontal force coefficient (ky) using the ratio of the critical acceleration
(N) to the peak value of earthquake acceleration (A) based on an allowable deformation (u)
for which the perimeter dikes are considered stable (from Figure 7 of Hynes-Griffin and
Franklin [1984]). The critical acceleration, N, was selected as the kn for the purposes of this
analysis, and the MHEA at the depth of the critical slip surface was selected as the peak
carthquake acceleration, A.

3. Perform slope stability analysis applying the seismic horizontal force coefficient to compute
a horizontal force (F = kn *x W) on each slice based on slice weight (W) and evaluate the
resulting FS. If the calculated FS meets or exceeds the target FS (1.e., FS = 1.0), the slope is
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expected to experience less deformation than the selected allowable displacement and meet
the requirements of the CCR Rule.

Tt is noted that during pseudo-static slope stability analyses, undrained shear strengths were
conservatively reduced by 20 percent to account for potential strength degradation during cychie
loading in accordance with a suggestion in Hynes-Griftin and Franklin (1984).

CROSS SECTION GEOMETRY

The tollowing section describes the development for the (1) external geometry; (11) subsurface
stratigraphy; and (111) water levels and phreatic surface for the cross section evaluated as part of this
safety factor assessment.

External Geometry

The cuwrrent height of the Ash Pond B perimeter dikes ranges from approximately 15 feet (ft)
adjacent to the Discharge Canal to 21 1t adjacent to the Cooling Pond. The upstream and
downstream side slopes range from 2 horizontal to 1 vertical (2H:1V)} to 3H:1V, while the dike crest
1s typically 12 to 15 ft wide (Thomas and Hutton, 2012). The perimeter dikes of Ash Pond B were
raised by approximately 7 {1 to their current crest elevation of 41.0 ft NGVD29 in 1999. Design
cross sections provided by Paul C. Rizzo & Associates (PCRA, 1993) were utilized in conjunction
with topographic survey data to develop the geometry of cach cross section in this safety factor
assessment.

Four cross sections were developed and evaluated as part of the 2016 Safety Factor Assessment
Report (Geosyntec, 2016). These cross sections were selected based on the critical slope geometry,
engineering parameters of subsurface materials, and phreatic conditions. The external geometry of
cach cross section was based on a topographic survey prepared by Thomas and Hutton (2012). The
locations of the four cross sections analyzed in the 2016 Safety Factor Assessment are shown in
Figure 1.

For the 2021 Safety Factor Assessment Report, only the critical cross section identified in the 2016
Safety Factor Assessment was analyzed. In the 2016 Safety Factor Assessment for Ash Pond B,
Cross Section C had the lowest calculated FS for the static slope stability analyses (both maximum
normal storage pool and maximum surcharge pool loading conditions) and the seismic slope stability
analyses. Therefore, updated slope stability analyses were performed only for Cross Section C as
part of the 2021 Safety Factor Assessment Report. Updated topographic survey data from August
2021 (McKim & Creed, 2021) were also incorporated into this cross section.
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Subsurface Stratigraphy

The subsurface stratigraphy for each cross section was developed based on so1l borings and cone
penetration tests (CPTs) conducted as part of Geosyntec’s 2013 and 2016 subsurface investigations.
Santee Cooper personnel indicated that no additional geotechnical investigations were conducted in
the area of Ash Pond B since 2016 ; therefore, the subsurface stratigraphy developed in the 2016
Safety Factor Assessment remains valid. Generally, the subsurface in the depth of interest for slope
stability analyses consists of the following strata (from top to bottom): Dike Fill, Foundation Soils,
Chicora Member, and Williamsburg Formation Clay. Further discussion on the development of
subsurtace conditions can be found in the 2016 Safety Factor Assessment Report (Geosyntec, 2016).

Water Levels

The CCR Rule requires the evaluation of safety factors considering static and seismic slope stability
analyses under long-term “Maximum Normal Storage Pool” conditions and static slope stability
analyses under short-term “Maximum Surcharge Pool” conditions. Water levels in the retained ash
and perimeter dike, and downstream toe were determined as described below.

Maximum Normal Storage Pool Condition: As described within the 2016 Safety Factor
Assessment Report (Geosyntec, 2016), the surface water level in Ash Pond B was maintained at an
elevation of 34.9 ft NGVD29 by 4-ft by 4-ft concrete riser structure. The average operating
elevation provided by Santee Cooper from February 2011 through September 2021 1s 34.1 fiNGVD
29. Ash Pond B receives stormwater from the pond area and stormwater from Ash Pond A through
a series of rim ditches and culverts to Ash Pond B. Santee Cooper provided available water level
measurements from wells in the area of Ash Pond B. The recorded water levels in these wells have
generally been steady over the last five vears. Based on the review of the available water level
measurements, the water level within the perimeter dike and beyvond the downstream toe of the
perimeter dike 1s similar to the water level used for the 2016 Safety Factor Assessment Report.
Based on the information described above, an operating level of 34.9 ft NGVD29 in Ash Pond B
was used as the “Maximum Normal Storage Pool” for Ash Pond B in the static and seismic slope
stability analyses herein.

Maximum Surcharge Pool Condition: Because Ash Pond B has been classified as a “Low Hazard
Potential” surface impoundment (Geosyntec, 2021), the 100-yr rainfall event with a rainfall duration
of 72 hours was selected as the Inflow Design Flood (IDF), as required by §257.73()(1)}{(v)}(B). The
“maximum surcharge pool” elevation within Ash Pond B was established based on the maximum
surface water elevation within Ash Pond B computed from the hydrologic and hydraulic (H&H)
analysis with the IDF and selected as a more conservative water level (37.2 ft NGVD29) than the
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maximum surface water level (36.1 ft NGVD 29) from the H&H analyses. Details of the H&H
analyses are provided 1n a document titled “/nflow Design Flood Control Svstem Plan: Ash Pond
B” and the H&H analysis results are included as Attachment 2 to the 2021 Safety Factor Assessment
Report.

Final Cross Section Geometry

The final geometric models implemented within SLIDE® for Cross Section C are provided in
Figures 2 and 3 for the maximum normal and surcharge storage pool conditions, respectively.

ENGINEERING PARAMLETERS

The following sections describe the engineering parameters selected for the analyses presented
herein.

Material Parameters

Material parameters for dike fill, foundation soils, and underlying strata were evaluated 1n the 2016
Safety Factor Assessment Report (Geosyntec, 2016) using in-situ and laboratory data collected m
the vicinity of Ash Pond B. Table 1 provides a summary of the material properties selected for the
evaluated cross section as part of the 2021 Safety Factor Assessment. The interpretation and
selection of properties for Cross Section C are shown m Figure 4. Drained shear strength parameters
for cross section-specific dike fill and sandy foundation soil were predominantly developed from
m-situ measurements (i.e., SPT N-values, etc.).

It was assumed that seismic waves generated during the design seismic event may load clayey
foundation soils rapidly enough to develop elevated pore pressures and induce an undrained loading
condition. In accordance with a recommendation made by Hynes-Griffin and Franklin (1984), the
selected undrained shear strength value for the clayey foundation soils was conservatively reduced
by 20 percent for the seismic slope stability analyses to account for potential ¢yclic degradation
during an earthquake at the Site.

Seismic Loading and Allowable Displacement

The seismic hazard evaluation for WGS and the site response analysis for the Ash Pond B perimeter
dikes are presented m the Site Response Package of the 2021 Safety Factor Assessment Report.
Within that package, maximum shear stress profiles for the six ground motions were computed for
the critical soil column of Ash Pond B. The maximum shear stress profiles were used to compute
the MHEA profile in general accordance with Bray et al. (1995). Preliminary seismic slope stability
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analyses of the Ash Pond B perimeter dikes indicated that a typical depth of the critical slip surface
1s located approximately 20 ft below the dike crest. The MHEA at the anticipated critical slip surface
was selected based on the preliminary seismic slope stability analyses. The largest MHEA from the
six ground motions at the critical slip surface depth was selected to compute the horizontal seismic
coefficients for the seismic slope stability analyses. The MHEA profile to an approximate depth of
100 ft below ground surface (bgs) is provided in Table 2. An MHEA value of 0.064g was selected
for Cross Section C.

As described in the Methodology section, the horizontal seismic coefficient (kn) must be computed
assuming an allowable deformation (u). An allowable deformation of 12 inches (in.) (30.5
centimeters [em]) was selected for the Ash Pond B perimeter dike structures. This is a conservative
allowable deformation typically used for seismic analyses of large waste disposal structures (e.g.,
landfills) (Kavazanjian, 1999). Using the Hynes-Griffin and Franklin (1984) chart and assuming
the “Upper Bound” displacement, the ratio of N/A (or k¥ MHEA) was conservatively selected as
0.5, as shown in Figure 5. Thus, kn value of 0.032 was used as setsmic loading for Cross Section C.

RESULTS

'The safety factor evaluation for Cross Section C was performed according to the methodeology and
parameters discussed above, and the results are summarized within Table 3. Computed FS were
found to exceed the minimum safety factors required by §257.73(e)(1) of the CCR Rule. Figures 6
through 8 depict the calculated safety factors for Cross Section C. While the rotational and non-
rotational slip surfaces were considered in the analyses, rotational slip surfaces were consistently
more critical failure modes of concern and are the critical slip surfaces as presented in Figures 6
through 8.

CONCLUSIONS

Based on the assumptions, analyses, and results presented herein, Ash Pond B at WGS satisfies the
safety factor requirements described in §257.73(e)(1) of the CCR Rule.

REFERENCES

Bishop, A. (1955), “The Use of the Slip Circle in the Stability Analysis of Slopes,” Géotechnique,
Vol. 5, No. 1, Jan 1955, pp. 7-17.

Bray, I.D., Augello, AJ, Leonards, G A, Repetto, P.C., & Byrne, R.J. {(1995), “Seismic Stability
Procedures for Solid-Waste Landfills,” Journal of Geotechnical Engineering, Vol. 121, No.
2, pp. 139-151.

GCB100/Attachment 5 - Safety Factor Assessment Ash Pond B.docx



Geosyntec®

consultants
Page 7 of 35

Written by: Z.Li Date:  10/14/2021  Reviewed by: C. Carlson/B. Gin Date: 10/14/2021
Client: Santee Cooper Project:  Winyah Generating Station  Project/ Proposal No.:  GC8168  Task No.: 03

Geosyntec Consultants, Inc. (2016), “2016 Surface Impoundment Periodic Safety Factor
Assessment Report: Ash Pond B, Winyah Generating Station, Georgetown, South Carolina”,
submitted to Santee Cooper.

Geosyntec Consultants, Inc. (2021), “Periodic Hazard Potential Classification Assessment: Ash
Pond B”, Project No. GC8100.

Hynes-Griffin, M. and Franklin, A. (1984), “Rationalizing the Seismic Coefficient Method”,
Department of the Army, Waterways Experiment Station, Corps of Engineers, Vicksburg,
Mississippi, Miscellaneous Paper G1.-84-14, Jul.

Janbu, N., (1973), “Slope Stability Computations in Embankment-Dam Engineering”, R.C.
Hirschfeld and S.J. Poulos, Eds. New York: Wiley, pp. 47-86.

Kavazanjian, E., (1999), “Seismic Design of Solid Waste Containment Facilities”, Proceedings of
the 8" Canadian Conference on Earthquake Engineering, Vancouver, BC, June, pp. 51-89.

MeKim & Creed (2021), “Topographic Survey for Winyah Generating Station.”

Rocscience (2016), “SLIDE® — 2-D Limit Equilibrium Slope Stability for Soil and Rock Slopes,”
User's Guide, Rocscience Software, Inc., Toronto, Ontario, Canada.

Spencer, E. (1973), “The Thrust Line Criterion in Embankment Stability Analysis,” Géotechnigue,
Vol. 23, No. I, pp. 85-100, Mar.

Thomas and Hutton (2012), “Topographic Survey of a Portion of Santee Cooper Winyah Generating
Station”, prepared for Santee Cooper, 14 Jan.

GCB100/Attachment 5 - Safety Factor Assessment Ash Pond B.docx



Tables



Table 1. Selected Material Parameters for Analysis

Undrained
Total Unit Weight Drained Parameters
Material (pef) g Parameters!!!
c \ \
P 9’ ) ¢’ (psf) Su/6'vo | Sumin (psf)
Dike Fill 125021 380! 0 - -
Foundation Soils
100! 18 250 0.36!"! 100
(Clayey)
Upper Sandy
. . 11502 388 0 - -
Foundation Soils
Lower‘ Sandyi 11512 1101 0 i i
Foundation Soils
Chicora 130! 500
Willia.msburg 10512 50821 0 i i
Formation Clay
Fly Ash 100 3421 0 - -
Riprap Buttress 150 45 0 - -
Notes:

1. Undrained strength parameters for clavey foundation soils were applied for the seismic slope stability case
only.

2. The selection of shear strength parameters for Chicora, Williamsburg Formation Clay, and Fly Ash, as well as
total umit weights for all materials, 15 explained in the 2016 Safety Factor Assessment Report (Geosyntec,
2016).

3. These drained shear strengths (¢} vary by location. Interpretation of m-situ results applied n the selection is
provided in Figure 4.

4. The selected undrained strength ratio (S./0') varies between locations.  Interpretation of in-situ results

applied in the selection 1s provided m Figure 4. A more detatled explanation of the undrained strength ratio
for clayey foundation soils is provided in the 2016 Safety Factor Assessment Report (Geosyntec, 2016}



Table 2. Maximum Equivalent Horizontal Acceleration (MHEA) from Site Response Analysis
for Ash Pond B Perimeter Dikes

Profile 2

Depth (ft) MHEA
1.5 0.107
5 0.096
7 0.078
9 0.080
13 0.069
17 0.065
20.5 0.063
22 0.065
24.5 0.062
29.5 0.057
34.5 0.051
39.5 0.047
445 0.044
49.5 0.049
57 0.056
67 0.059
77 0.063
87 0.068
97 0.072
107 0.078

Note:
1. Cross Section C, located adjacent to the Cooling Pond, was found to have depths to the critical shp surface of
20 ft. An MHEA of 0.064g was selected for Cross Section C.
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