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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 1s 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.

The South Ash Pond 1s situated immediately south of the Coal Pile and power block and west of
the Discharge Canal (Figure 2). The South Ash Pond contains CCR 1n the form of fly ash, boiler
slag, and bottom ash as well as stormwater. It is considered as an existing surface impoundment
under the CCR Rule. In accordance with §257.102(g}, a Notice of Intent for the South Ash Pond
was posted to the Operating Record on 9 April 2021 to initiate pond closure, and CCR and
wastewater mflow to the South Ash Pond ceased m April 2021. Santee Cooper indicated the
surface impoundment 1s planned to be closed by CCR removal within five years.

This 2021 Periodic Safety Factor Assessment Report: South Ash Pond (Safety Factor Assessment
Report) was prepared by Geosyntec Consultants, Inc. (Geosyntec) on behalf of Santee Cooper to
demonstrate that the South Ash Pond satisfies criteria for the periodic safety factor assessments in
accordance with §257.73(e) of the CCR Rule.

1.2  Project Site and Construction History

The South Ash Pond spans approximately 76 acres. This unlined surface impoundment was
commissioned in 1980 and was designated for the disposal of fly ash, bottom ash, and boiler slag.
The South Ash Pond is bounded by the Coal Pile and power block to the north, Pennyroyal Creek
to the west, a forested area to the south, and an access road and the Discharge Canal to the east.
The South Ash Pond was assigned “Low Hazard Potential” classification (Geosyntee, 2021a).

The South Ash Pond was constructed by recompacting excavated soils from the surface
impoundment interior to form perimeter dikes. The South Ash Pond perimeter dikes have a
maximum height of approximately 24 feet (f1). The interior and downstream side slopes of the
dikes are approximately 3 horizontal to 1 vertical (3H:1V), except in the western corner where the
downstream side slopes are approximately 4H:1V. The dike crest is typically 12 to 15 ft wide
{Thomas and Hutton, 2012). The minimum elevation of the dike crest is 36.9 {1 National Geodetic
Vertical Datum of 1929 (NGVD29) (Thomas and Hutton, 2012).
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1.3 Report Organization

This Safety Factor Assessment Report presents the subsequent periodic safety factor assessment
for the South Ash Pond at WGS based on the results of the initial periodic safety factor assessment
{2016 Safety Factor Assessment) (Geosyntec, 2016), recent survey dated August 2021 (McKim &
Creed, 2021), subsequent hydrologic and hydraulic (H&H) analysis 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 Assessment is
presented in Section 2.

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

¢ Scismic hazard evaluations for WGS and the site response analysis of the South Ash Pond
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 South Ash Pond perimeter
dikes and adjacent arcas 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. However, a review of the topographic survey dated August 2021 (McKim & Creed, 2021)
{Attachment 1) and the topographic survey used in the 2016 Safety Factor Assessment idicated
that dewatering lowered the free water level in the east side of the South Ash Pond and CCR have
been excavated from the east side of the surface impoundment (top of CCR surface in the west
side of the South Ash Pond is similar to that used for the 2016 Safety Factor Assessment). The
volume of CCR impounded within the surface impoundment has not been changed significantly
since the last assessment.

Santee Cooper provided available water level measurements from wells in the South Ash Pond
area, located outside the downstream toe of the pond perimeter dike. The recorded water levels in
these wells have generally been steady over the last five vears. Based on the review of the
topographic survey and himited water level measurements adjacent to the South Ash Pond
perimeter dikes, the water level within the perimeter dike may be similar to the water level used

GC8100/2021 Periodic Safety Factor Assessment - SAP -Rev 1 2 November 2021



Winyah Generating Siation Ge 0 Syntec o

2021 Periodic Safefy Factor Assessments, Revision 1
South Ash Pond consulants

for the 2016 Safety Factor Assessment or lower due to dewatering in the east side of the pond. As
discussed above, CCR and wastewater inflow to the South Ash Pond ceased in April 2021.

3. HYDROLOGIC AND HYDRAULIC EVALUATION

3.1 Hvdrologic and Hvdraulic Analysis

The following subsections discuss the regulatory framework, the methodelogy and assumptions,
and the results of the H&H analysis for the South Ash Pond 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)(1)(vi(4) of this section. The combined capacity of all spillways must be designed, constructed,
operated, and maintained to adequately manage flow during and following the peak discharge
event specified in paragraph (d)(1j(v)(B) of this section.”

The CCR Rule (§257.73(y{(1 (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)Y(A) indicates that “A/l spillways must be either:

(1) Of non-erodible construction and designed to carry susiained 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.”

Meanwhile, §257.73(e)(1) of the CCR Rule indicates:

“tii) The calculated static factor of safety under the maximum surcharge pool loading condition
must equal or exceed 1.40.”

Because the South Ash Pond has been classified as a “L.ow Hazard Potential” surface
impoundment, the 100-year rainfall event with a rainfall duration of 72 hours was selected as the
inflow design tlood (IDF). H&H analyses were performed to demonstrate that the South Ash Pond
spillway is able to adequately manage flow during and following the IDF 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 in the slope stability analysis to demonstrate
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that the requirements of §257.73(e)(1)(11) are met, based on the maximum surface water elevation
within the South Ash Pond 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 the South Ash Pond during the
IDF. The 100-year rainfall event with a 72-hour duration precipitation event resulted i a rainfall
depth of 12.8 in. (NOAA, 2021) and was modeled within HydroCAD® using a SCS Type III
rainfall distribution.

The normal operating level in the South Ash Pond i1s maintained by a rectangular concrete riser
structure with 4 fi-long stoplogs on a single face. The water elevation within the South Ash Pond
is at elevation 15 ft NGVD 29 and no stoplogs are in place on the riser at the time of this assessment
to facilitate ongoing closure activities. A 36-inch diameter reinforced concrete pipe with an
upstream 1nvert elevation of 16.93 ft NGVD 29 conveys water from the riser structure to the
Discharge Canal (Lockwood Greene, 1978).

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

3.1.3 Analysis Results

Under the conditions and assumptions described in Section 3.1.2, the maximum free water level
or “maximum surcharge pool” level during and following the IDF event was computed as 28.1 {1
NGVD29, assuming the free water i1s maintained at a normal operating elevation of 15 ft NGVD
29. The H&H analysis results (i.e., HydroCAD® results) are included as Attachment 2 of 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
South Ash Pond 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.
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4.1 Seismic Hazard Evaluation

A sesmic 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 is often expressed 1n probabilistic terms as a specific hazard level

that has a certain probability of exceedance in a given time period. The CCR Rule states m
§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 operafor demonsirates
by the dates specified in paragraph (cj of this section that all siructural components including
liners, leachaie collection and removal systems, and surface water control systems, are designed
fo resist the maximum horizonial acceleration in lithified earth material for ihe site.”

§257 .53 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 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 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 (i.e., 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, pond closure was 1nitiated in 2021 and 1s
expected to be complete i less than 15 years. Therefore, an earthquake return period of
approximately 750 years was conservatively selected for the 2021 Safety Factor Assessment of the
South Ash Pond (i.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.

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 m the South
Carolina Department of Transportation (SCDOT) Geotechnical Design Manual (GDM) (SCDOT,
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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 seismic hazard maps referenced in 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 1n 15 years (i.c., 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 ft/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 0.15¢g
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 earthquake moment
magnitude (Mw) value is 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
m 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 mput 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 response analyses are presented on Figure 4 of Attachment 3.

4.2 Site Response Analysis

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.
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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 assumed that all the
soil layers are perfectly horizontal {1.e., “layer cake™) and that ground response is mamly caused
by vertically-propagating, horizontally polarized shear waves. This assumption is valid for many
geotechnical cases including the response analyses of the Site. Under these assumptions, the
subsurface stratigraphy is modeled as a one-dimensional column of soil layers for the analyses.
One critical profile was selected for the site response analyses of the South Ash Pond perimeter
dikes and 1s shown on Figure 6 of Attachment 3.

DEEPSOIL® employs a viscoelastic material model, described by its shear modulus (G), mass
density (p)} or umt 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 ¢yelic shear strains for which equivalent-linear analyses are considered
applicable (1.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.

The site response analyses for the South Ash Pond as part of the 2016 Safety Factor Assessment
considered a water table 10 ft below ground surface (bgs). As described 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 or lower due to dewatering in the east side of' the pond. Therefore, site response
analyses were performed with the water table modeled at 10 as well as 18 {1 bgs to account for a
potentially lowered water table.

4.2,2 Site Response Analysis Results

Maximum shear stresses within the representative soil profiles were computed and presented on
Figures 9 and 11 of Attachment 3. Additional site response analysis results are presented in
Attachment 3.

The maximum cyelic shear stresses at depths were calculated and these values were used to
calculate a measure of shear stress developed during the design earthquake (cyelic 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 coeflicient (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 South Ash
Pond perimeter dikes. The evaluation applies the cyclic shear stress computed as part of the site
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response analysis (Section 4). Further details of the liquefaction potential evaluation are presented
m Attachment 4 of this Safety Factor Assessment Report.

5.1 Regulatorv 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 in §257.73(e)(1). Specifically, §257.73(e){1){(iv) 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 South Ash Pond dike fill and foundation soils are susceptible
to liquefaction triggering under the design earthquake. If the dike fill and foundation soils are not
found to be susceptible to liquefaction, then the liquefaction factor of safety is 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 where the factor of safety against liquefaction (F'Syq) were relatively
lower compared to other locations in the 2016 Safety Factor Assessment. The FSgq was computed
as the ratio of a measure of a soil’s resistance to triggering of liquefaction (cyclic resistance ratio,
or CRR) to CSR.

5.2.1 Dike Phreatic Surface Conditions

As described 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 or lower due to dewatering in the east side
of the South Ash Pond. 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 and with the
phreatic surface assumed to be near or at the bottom of the dike.

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 CRR, may be adjusted to account for aging effects in older soils based
on time from deposition (1.¢., geologic age) and time from last occurrence of liquefaction (i.e.,

GC8100/2021 Periodic Safety Factor Assessment - SAP -Rev 1 g November 2021



Winyah Generating Siation Ge 0 Syntec o

2021 Periodic Safefy Factor Assessments, Revision 1
South Ash Pond consulants

geotechnical age). As described i Attachment 4, an age correction factor (Kqg) 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. The location of the
interface between dike fill soil and foundation soils was estimated as 1 ft below the toe drains
elevations shown on the Lockwood-Greene (1978) design drawings.

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-ft intervals) advanced in the vicinity of the South Ash
Pond perimeter dikes. Analysis results for each soil boring and CPT sounding analyzed are
provided on Figures 3 and 10 of Attachment 4 to this Safety Factor Assessment Report. FSig
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 carthquake were identified for borings and CPT
soundings advanced through the critical section of the South Ash Pond perimeter dikes).

6. SAFETY FACTOR ASSESSMENT

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

6.1 Regulatorv Framework

Slope stability analyses were conducted to assess whether the South Ash Pond perimeter dikes
satisfiy 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:

£¢ pn

(i) The calculated static factor of safety under the long-term, maximum storage pool
loading condition must equal or exceed 1.50.

(iij  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.

(iv) For embankments constructed of soils that have susceptibility to liguefaction, the
calculated ligquefaction 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 the
South Ash Pond are not found to be susceptible to liquefaction, as described above, the liquefaction
factor of safety (i.e., §257.73(e)}(1)(1v)) 1s not required and is not evaluated as part of this Safety
Factor Assessment. The remainder of Section 6 describes the geometric model, methodology, and
analysis results for each case.
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6.2  Analvsis Models

The models used for the 2016 Safety Factor Assessment were updated with a topographic surface
within the pond (Section 2). Two representative cross sections were selected for the assessment
based on factors of safety calculated in the 2016 Safety Factor Assessment. Consistent with
observations regarding the water level described in Section 2, the water level within the perimeter
dike is the maximum normal storage water level used in the 2016 Safety Factor Assessment and
assumed to be near or at the bottom of the dike.

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 (1.e., block
ship surfaces) were considered during the factor of safety assessment analyses, and the slip surface
resulting in the lowest calculated FS was reported. SLIDE® generates potential slip surfaces,
calculates the FS for each of these surfaces, and 1dentifies the most critical shp surface with the
lowest calculated FS.

6.3.2 Seismic 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
and Franklin (1984). The seismic factor of safety was evaluated by applying a seismic horizontal
force coefficient (kg) to compute an additional horizontal force (F = ki, * W) for each slice, based
on slice weight (W), during the design seismic event. The ky, 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 ship surface for each cross
section. The kn value is dependent on the allowable displacement (u) for an embankment or dike
structure. For the purpose of this Safety Factor Assessment Report, the allowable displacement of
the South Ash Pond perimeter dike structures was selected as 12 inches (in.). 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 ki applied in SLIDE®.
The selected ki values are shown on Figures 11, 12, 15, and 16 of Attachment 5.
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6.4 Static Safety Factor — Maximum Normal Storave 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 factors were
evaluated for the two representative cross sections with two different water levels, as shown on
Figures 2 through 5 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 impoundment. The static safety factors were

evaluated for the two representative cross sections assuming a more conservative water level (30.7
ft NGVD29) within the South Ash Pond than the maximum surface water level (28.1 ft NGVD
29) from the H&H analyses (Section 3).

6.6 Seismic Safety Factor — Maximum Normal Storave Pool

§257.73(e)(1)(1i1) 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 two representative cross sections with the two water levels discussed 1n Section
6.2 by applying computed seismic horizontal force coefficients 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 Summary of Resulis

The calculated minimum safety factor for each analysis case and each of the two representative
cross sections are presented in Attachment 5. These analysis results indicate that the perimeter
dikes of the South Ash Pond at WGS satisty the periodic safety factor assessment criteria given in
§257.73(e}(1) of the CCR Rule. Further details of the safety factor assessment for the South Ash
Pond can be found in Attachment 5.

7. SUMMARY AND GENERAL CONDITIONS

The following provides a summary and general conclusion of the safety factor assessments
presented in this Safety Factor Assessment Report:

¢ The maximum surcharge pool within the South Ash Pond for the safety factor assessment
was established based on the H&H performance of the South Ash Pond during the IDF.

s The seismic hazard evaluation resulted in the selection of the design PGA as 0.15g at the

Site. This PGA corresponds to a seismic event with two percent probability of exceedance
m 15 years, established conservatively with consideration of the remaining operating life
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HYDROLOGIC AND HYDRAULIC
ANALYSIS RESULTS






SAP H&H Capacity
Prepared by SCCM Printed 9/28/2021
HydroCAD® 10.00-25 s/n 10932 © 2019 HydroCAD Software Solutions LLC Page 2

Area Listing {selected nodes)

Area CN Description
{acres) {subcatchment-numbers)

75.600 86 (85)
75.600 86 TOTAL AREA




SAP H&H Capacity
Prepared by SCCM
HydroCAD® 10.00-25 s/n 10832 © 2019 HydroCAD Software Solutions LLC

Printed 9/28/2021
Page 3

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
75.600 Other 38
75.600 TOTAL AREA



SAP H&H Capacity

Prepared by SCCM Printed 9/28/2021
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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 75.600 75.600 88
0.000 0.000 0.000 0.000 75.600 75600 TOTAL

AREA
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Pipe Listing {selected nodes)

Length Slope n  Diam/Width Height Inside-Filt

Line# Node In-invert  Out-Invert
{inches) {inches)

Number (feet) (feel) {feet) (fE/ft) (inches)
1 1P 1593 15.93 350.0 00000 0.3 360 0.0 0.0




SAP H&H Capacity Type Il 24-hr 100-yr, 72-hr Rainfall=12.90"

Prepared by SCCM Printed 9/28/2021
HydroCAD® 10.00-25 s/n 10932 © 2019 HydroCAD Software Solutions LLC Page 6

Time span=0.00-500.00 hrs, dt=0.05 hrs, 10001 poinis
Runcff by SCS TR-20 method, UH=5CS, Weighted-CN
Reach routing by Dyn-Stor-ind method - Pond routing by Dyn-Stor-Ind method

Subcatchment88: SAP Runeff Area=75.600 ac 0.00% Impervious Runeoff Depth=11.13"
Flow Length=4 000" Tc=48.9 min CN=86 Runoff=412.33 ¢fs 70.139 af

Pond 1P: SAP Peak Elev=27.06" Storage=70.139 af Inflow=412.33 cfs 70.139 af
Outflow=0.00 cfs 0.000 af

Link 7L: Discharge Canal inflow=0.00 cfs 0.000 af
Primary=0.00 cfs 0.000 af

Total Runoff Area = 75.600 ac  Runoff Velume = 70.139 af Average Runoff Depth = 11.13"
100.00% Pervious = 75.600 ac  0.00% Impervious = 0.000 ac
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Summary for Pond 1P: SAP

Inflow Area = 75.600 ac, 0.00% Impervious, Inflow Depth =11.13" for 100-yr, 72-hr event
inflow = 412,33 c¢fs @ 12.64 hrs, Volume= 70.139 af
Qutflow = 000cfs @ 0.00 hrs, Volume= 0.000 af, Atten= 100%, Lag= 0.0 min
Primary = 000cfs @ 0.00 hrs, Volume= 0.000 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-500.00 hrs, dt= 0.05 hrs
Peak Elev=27.068' @ 26.80 hrs Surf.Area=13.185ac Storage= 70.139 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 15.00" 295442 af Custom Stage Data (Prismatic)Listed below (Recalc)
Elevation Surf.Area Inc.Store Cum.Store
{feet) {acres) {acre-feet) (acre-feet)
15.00 1.960 0.000 0.000
16.00 2812 2.286 2.288
17.00 3.067 2.839 5125
18.00 3.458 3.262 8.388
12.00 3.920 3.689 12.077
20.00 4.387 4.154 16.231
21.00 4.880 4.834 20.864
22.00 5823 5.351 28.216
23.00 6.392 6.108 32.323
2400 7.238 6.815 39.138
25.00 8.760 7.999 47.137
26.00 11.244 10.002 57.139
27.00 13.092 12.168 £69.307
28.00 14725 13.908 83.216
29.00 16.826 15.776 98.991
30.00 18.354 17.580 116.581
31.00 20.207 19.281 135.862
32.00 22975 21.591 157.453
33.00 28.168 25.571 183.024
34.00 33.283 30.725 213.750
35.00 41.370 37.326 251.076
36.00 47 362 443686 295442
Device Routing Invert Qutlet Devices

#1  Primary 15.93 36.0" Round Culvert

L=350.0" RCP, groove end w/headwall, Ke=0.200

Inlet / Qutlet Invert= 15.93'/15.93' S=0.00007 Cc=0.200

n=0.013 Concrete pipe, bends & connections, Flow Area=7.07 sf
#2 Device 1 27.73 4.0'long Sharp-Crested Rectanguiar Weir 2 End Contraction(s)

Primary QutFlow Max=0.00 cfs @ 0.00 hrs HW=15.00" TW=23.15" (Dynamic Tailwater)
LECulveﬂ ( Controls 0.00 cfs)
2=Sharp-Crested Rectangular Weir{ Controls 0.00 cfs)
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Table 1. Summary of Hazard Parameters of the Time Histories Selected for Site Response

Analysis
Site R PGA T

Name Class | M (km) (@ (s)p
BOS-T1 - 7.40 26.1 0.14 0.36
DELO90 C 6.70 59.3 0.27 0.22
RSNB529-HNE C 574 | 124.1 0.09 0.26
Winyahl A 7.04 30.2 (.56 0.08
Winyah? A 7.04 30.2 0.56 0.10
YER360 C 7.30 24.9 0.22 0.22

Nate:

1. All accelerations are scaled within DEEPSQOIL® to match the target PGA of (.15g.
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Table 2. Calculated Maximum Shear Stress Envelopes

Profile 1 ~ WT 10 ft bgs Profile 1~ WT 18 Tt bgs
Depth (f1) Toax (s Depth {ft) T (pSt)
2.5 29 2.5 47
7.5 67 7.5 104
12.5 90 12.5 135
16.5 103 16.5 156
19.5 114 19.5 179
23.5 149 23.5 199
28.5 178 28.5 210
33.5 202 33.5 219
38.0 269 38.0 278
42.0 307 42.0 318
46.0 334 46.0 344
30.5 380 50.5 374
58.0 480 58.0 473
68.0 597 68.0 591
78.0 708 78.0 710
88.0 816 88.0 824
98.0 929 98.0 934
108.0 1060 108.0 1064
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Dike Soil Profile Model

~ Profile1l  v=125pcf
5';} Dike PI=0_ ]Vs=500 fps
N\

' Dike PI=0 V=125 pf

BLL 2™ [vi=800 fps
N

Foundation

Soils z;__é;g fd

18 Pi=0 5= pS
Y
N

Foundation Soils |Y = 100 pcf

12'
N Pl=75+ V=400 fps
N
' _ ¥ = 130 pcf
5 J Chicora V,=1500 fos
N

Williamsburg |y = 105 pcf
30'| [Formation Clay}V=1500 fps
(Soft Rock)

\;/

20'| | williamsburg |y =105 pcf
Formation Clay|V,=1800 fps
V| (Soft Rock)

Figure 6. DEEPSOIL® Soil Profile
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Appendix 1

Selected Time Histories
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Appendix 2

Shear Modulus Reduction and Damping Curve Selection
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As indicated 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 is presented as follows.

Shear Modulus Reduction Curve for the high plasticity feundation seil in Profile 1
(see Figure 2-1 for description on each step; see Figure 2-2 for the profile)
Step | — age of the soil layer: Pleistocene deposit.
Step 2 - soil type: clayey soils with P1=75; groundwater table @ 10 ft bgs.
Step 3 - calculate ow'@ mid-depth of the layer {42 ft bgs)

ov' =vH - voHw = 125x18 + 115x18 + 100x6 - 62.4x32 = 2923.2 psf

om' = o' (142K'%)/3 = 2923.2x(1+2x0.675)/3 = 2289.8 psf

(Ko' = 0.6+0.001xPI = 0.6+0.001x75 = 0.675)

Step 4 — om' for the upper and lower native soils are within +509% o' value caleulated above. The
modulus reduction curve developed here can be used for the entirety of the high plasticity foundation
soils in Profile 1.

Step 5 - select the parameters o, yr1, & from Figure 2-4.
yi1=0.092%, a=1.10, k= 0.2

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

ve = il {on'/Pa)* = 0.092x(2289.8/2089)" = 0.0937%

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

¢ 1
Gomax 1+(§)“

If vy = 0.001%, G/Gmax = 1/[1+(0.001/0.0937)] = 0.989
Ify = 0.01%, G/Gmax = 1/[1+(0.01/0.0937)] = 0.904
Ify = 0.1%, G/Gmax = 1/[1+(0.1/0.0937)] = 0.484

GCBI00/Attachment 3 - Seismic Hazard and Site Response Analysis.docx
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Damping Curve for the high plasticity foundation soil in Profile 1
(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 @ ow' =1 atm, Daunt from Figure 2-6.
Dmint = 0.96%

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

Dimin = Dimint (Ga'/Pa) 0% = 0.96x(2289.8/2089) 702 = 0.951%

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

D = ].2.2 (G/’Gmax)z - 34.2 (G/Gmax) + 22.0 + Dmin

If v =0.001%, D = 12.2x{0.989)% - 34.2x(0.989) + 22.0 + 0.951= 1.06%
Ify=0.01%, D = 12.2x{0.904)% - 34.2x(0.904) + 22.0 + 0.951= 2.00%
Ify=0.1%, D = 12.2x(0.484)? - 34.2x(0.484) + 22.0 + 0.951= 9.26%

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.

GCBI00/Attachment 3 - Seismic Hazard and Site Response Analysis.docx
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Appendix 3
Shear Wave Velocity Profile Selection
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Appendix 4

Calculated Acceleration Profile
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Appendix 5
DEEPSOIL® Input
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Table 2. Calculated Maximum Shear Stress Envelopes for the South Ash Pond Dike Centerline

Notes:

i Profile 1 - Lowered
Profile 1 — Base WT WT
Depth (ft) Tmax (pSﬂ Depth (ft) Tmax (pSf)
2.5 29 2.5 47
7.5 67 7.5 104
12.5 90 12.5 135
16.5 103 16.5 156
19.5 114 19.5 179
23.5 149 23.5 199
28.5 178 28.5 210
33.5 202 33.5 219
38.0 269 38.0 278
42.0 307 42.0 318
46.0 334 46.0 344
50.5 380 50.5 374
58.0 480 58.0 473
68.0 597 68.0 591
78.0 708 78.0 710
88.0 816 88.0 824
98.0 929 98.0 934
108.0 1060 108.0 1064

1. Calculations are presented in the Site Response Package provided as Attachment 3.
2. For calculation points located m between the depth intervals listed above, the 7,,,, was linearly interpolated.
3. WT = water table.
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Table 4. Age Correction Factor (Kpr) based on Soil Age

Soil Age, t (years) Kpg ! Kpr
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. Kpg computed by SCDOT Geotechnical Design Manual (SCDOT, 2018}, as provided in Equation 19a.
2. Kpr computed by Andrus et al {2008) as provided in Equation 19h.
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Table 5. Summary of Soil Borings and Soundings Analyzed for Liquefaction Potential

Boring ID |  Northin Eastin Elevation | Like Base GWT (ft NGVD29)° GWT Source |  FC Basis Tanax

8 & 8 Elevation Profile
- ft ft ftNGVD29 | ft NGVD29 TOB Base | Lowered . . -
CPT-122 546598.0511 | 2499294.0984 38.82 17.6 30.4 30.4 22.4 Diss. Test | SPT-303/303A | Profile 1
CPT-129 5474294842 | 2498965.8353 38.88 20.0 250.8 250.8 20.0 Diss. Test SPT-302 Profile 1
CPT-205 5474225833 | 2499106.9970 38.88 20.3 29.2 29.2 21.2 Diss. Test SPT-302 Profile 1
CPT-206 5473848761 | 2498800.1583 38.88 19.7 29.2 29.2 21.2 uz Signature SPT-302 Profile 1
CPT-208 5471216171 | 2498742 0069 37.39 17.0 27.4 27.4 19.4 uz Signature SPT-109 Profile 1
SPT-109 546898.7338 | 2498876.8972 37.39 16.5 32.3 32.3 24.3 Borehole SPT-109 Profile 1
SPT-302 5474220662 | 24889431317 38.88 20.0 29.2 29.2 21.2 Borehole SPT-302 Profile 1
SPT-303 546607.9500 | 2499254 4342 38.82 17.6 33.4 33.4 25.4 Borehole SPT-303 Profile 1
Notes:

1. ft NGVD28 - feet National Geodetic Vertical Datum of 1929; TOB - Time of Boring; GWT - Groundwater Table; FC - Fines Content; N/A = Not
Applicable.
2. Dike bottom elevation was estimated based on the design elevation of the nearest toe drain {Lockwoeod-Greene, 1978) minus 1 ft.
3. FC Basis refers to the source of the fines content profile for each investigation point. Fines content data are provided within the 2016 Safety Factor
Assessment (Geosyntec, 2016).
4. The GWT elevation for SPT-302, which was advanced using mud rotary wash techniques, was selected as 9.64 ft bgs {(based on CPT-205) as the bentonite
slurry prevented the water within the horehale from reaching an equilibrium condition within 24 hours.
5. Cyclic Resistance Ratios {CRR) were calculated using the water table elevation from TOB. Different water table elevations {Base and Lowerad) were

considered for calculations of the Cyclic Stress Ratio (CSR).
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Appendix 1
MathCAD® Example Calculations
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SAFETY FACTOR ASSESSMENT: SOUTH ASH POND

INTRODUCTION

This calculation package was prepared as Attachment 5 to the 2021 Periodic Safety Facior
Assessment: South Ash Pond (2021 Safety Factor Assessment Report) and presents the slope
stability analyses for the critical portion of the South Ash Pond perimeter dikes at Winyah
Generating Station (WGS), Georgetown County, South Carolina. On 17 April 2015, the United
States Environmental Protection Agency (USEPA) published 40 Code of Federal Regulations
[CFR] Parts 257 and 261 {(CCR Rule). Under the CCR Rule, the South Ash Pond 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 impoundments. The remainder of this calculation package presents: (i) safety factor criteria;
(ii) methodology; (iii) cross section geometry; (iv) engineering parameters; (v) results; and (vi)
conclusions.

SAFETY FACTOR CRITERIA

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

“(i}  The calculared static factor of safety under the long-term, maximum storage pool
loading condition must equal or exceed 1.50.

(if)  The calculated static facror of safety under the maximum surcharge pool loading
condition must equal or exceed 1.40.

(iii}  The calculared seismic factor of safety must equal or exceed 1.00.

(iv)  For embankments constructed of soils that have suscepiibility to liquefaction, the
calculated liquefaction factor of safety must equal or exceed 1.20. 7

It is noted that the liquefaction potential analysis results presented in Attachment 4: Ligquefaction
Portential Analysis: South Ash Pond {(Liquefaction Package) of the 2021 Safety Factor Assessment
Report did not indicate that the South Ash Pond dike fill or foundation soils immediately beneath
the perimeter dikes are expected to undergo triggering of liquefaction under the design earthquake.

GCB100/Attachment 5 - Safety Factor Assessment South Ash Pond.docx
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Therefore, the liquefaction FS for the South Ash Pond perimeter dikes utilizing post-liquefaction
residual shear strengths was not evaluated as part of this safety factor assessment.

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 FS
for each of these surfaces, and identifies 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 Fvaluation and Site Kesponse Analysis: South Ash
Fond (Site Response Package) of the 2021 Safety Factor Assessment Report.

2. Compute the seismic horizontal force coefficient (kn) 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
earthquake acceleration, A.

GCB100/Attachment 5 - Safety Factor Assessment South Ash Pond.docx
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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 (i.e., FS > 1.0), the slope is
expected to experience less deformation than the selected allowable displacement and meet
the requirements of the CCR Rule.

It 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 cyclic
loading (Hynes-Griffin and Franklin, 1984).

CROSS SECTION GEOMETRY

The following section describes the development for the (i) external geometry; (ii) subsurface
stratigraphy; and (iii) water levels and phreatic surface for the cross sections evaluated as part of
this safety factor assessment.

External Geometry

The South Ash Pond perimeter dikes are approximately 24 feet (ft) in height, with a crest elevation
of approximately 38.0 ft National Geodetic Vertical Datum of 1929 (NGVD29) and toe elevation of
approximately 24.0 ft NGVDZ29. The upstream and downstream side slopes range from 3 horizontal
to 1 vertical (3H:1V) in the east to 4H:1V in the west; the dike crest is typically 12 to 15 ft wide
(Thomas and Hutton, 2012). To the north, east, and south of the perimeter dikes, a shallow drainage
swale has been excavated inside the railroad loop and drains to the sump located to the west of the

South Ash Pond.

Five 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
each cross section was based on a topographic survey prepared by Thomas and Hutton (2012). The
locations of the five 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 sections identified in the 2016
Safety Factor Assessment were analyzed. In the 2016 Safety Factor Assessment for the South Ash
Pond, Cross Section A had the lowest calculated FS for the static slope stability analyses (both
maximum normal storage pool and maximum surcharge pool loading conditions) and Cross Section
B had the lowest calculated FS for the seismic slope stability analyses. Therefore, updated slope
stability analyses were performed for these two cross sections as part of the 2021 Safety Factor

GCB100/Attachment 5 - Safety Factor Assessment South Ash Pond.docx
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Assessment Report. Updated topographic survey data from August 2021 were also incorporated
into these two cross sections.

Subsurface Stratioraphy

The subsurtace stratigraphy for each cross section was developed based on soil horings 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 the South Ash Pond 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 botiom): Dike Fill, Foundation
Soils, Chicora Member, and Williamsburg Formation Clay. Cross Section A also includes riprap
buttress material placed against the outer dike slope and across the adjacent shallow drainage swale.
Further discussion on the development of subsurface 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
CCR 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 the South Ash Pond was
maintained at an elevation of 28.7 ft NGVDZ29 by a concrete riser structure with a top stop log
(Thomas and Hutton, 2016). An operating level of 28.7 ft NGVD29 in the South Ash Pond was
used as the “*Maximum Normal Storage Pool” for the South Ash Pond in the 2016 static and seismic
slope stability analyses. A review of the topographic survey data from August 2021 and the
topographic survey used in the 2016 Safety Factor Assessment indicated that dewatering lowered
the free water level in the east side of the South Ash Pond and ash has been excavated from the east
side of the pond (top of ash surface in the west side of the South Ash Pond is similar to the observed
surface in 2016). Santee Cooper provided water level measurements from wells located outside the
downstream toe of the South Ash Pond perimeter dike. 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 limited water level measurements adjacent to the South Ash Pond perimeter dikes, the water
level within the perimeter dike may be similar to the water level used for the 2016 Safety Factor
Assessment or lower due to dewatering in the east side of the pond. To model a potentially lowered
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water table, Cross Section A and Cross Section B were also modeled with the water table
approximately at the bottom of the perimeter dike (20.0 to 21.0 ft NGVD29). A higher water table
is generally more conservative for static slope stability analyses (i.e., results in a lower calculated
FS). However, for seismic slope stability analyses, a lower water table may result in a larger seismic
horizontal seismic coefficient and a lower calculated FS. Therefore, for the 2021 Safety Factor
Assessment Report, static slope stability analyses were performed using a water table elevation of
28.7 ft NGVD29 (Base Water Table) in the retained ash while seismic slope stability analyses were
performed using water table elevations of both 28.7 ft NGVD29 (Base Water Table) and 20.0 to
21.0 ft NGVD29 (Lowered Water Table) in the retained ash and the corresponding seismic
horizontal seismic coetficients. Based on the provided water level data tfrom wells located outside
the downstream toe, water levels at the toe were determined as identical to those in the 2016 Safety
Factor Assessment.

Maximum Surcharge Pool Condition: Because the South Ash Pond was classified as a “Low
Hazard Potential” surface impoundment (Geosyntec, 2021), the 100-vear rainfall event with a
rainfall duration of 72 hours was selected as the Inflow Design Flood (IDF), as required by
§257.73(d) (1) (+)(B). The “maximum surcharge pool” elevation within the South Ash Pond was
established based on the maximurm surface water elevation within the South Ash Pond computed
from the hydrologic and hydraulic (H&H) analysis with the IDF and selected as a more conservative
water level (30.7 ft NGVD29) than the maximum surface water level (28.1 ft NGVD 29) from the
H&H analyses. Details of the H&H analyses are provided in a document titled " Inflow Design
Flood Control System Flan: South Ash Pond 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 Sections A and B for the Base
Water Table are provided in Figures 2 and 3, respectively. Figures 4 and 5 respectively show the
geometric models for Cross Sections A and B for the Lowered Water Table.

ENGINEERING PARAMETERS

The following sections describe the engineering parameters selected for the analyses presented in
this calculation package.

Material Parameters

Material parameters for dike fill, foundation soils, and underlying strata were evaluated in the 2016
Safety Factor Assessment Report (Geosyniec, 2016) using in-situ and laboratory data collecied in
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the vicinity of the South Ash Pond. Table 1 provides a summary of the material properties selected
for each evaluated cross section as part of the 2021 Safety Factor Assessment. The interpretation
and selection of properties for Cross Sections A and B are shown in Figures 6 and 7, respectively.

Drained shear strength parameters for cross section-specific dike fill and sandy foundation soil were
predominantly developed from in-situ measurements (i.e., SPT N-values, efc.) for each section.

It was assumed that seismic waves generated from the design seismic earthquake may load dike fill
and foundation soils rapidly enough to develop elevated pore pressures and induce an undrained
loading condition. In accordance with recommendations made by Hynes-Griffin and Franklin
(1984), the selected undrained shear strength values for the clayey soils were conservatively reduced
by 20 percent for the seismic slope stability analyses to account for potential cyclic 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 South Ash Pond
perimeter dikes are presented in 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 the South Ash Pond. The maximum shear stress profiles
were used to compute the MHEA profiles in general accordance with Bray et al. {1995). Preliminary
seismic slope stability analyses of the South Ash Pond perimeter dikes for the Base Water Table
elevations indicated that a typical depth of the critical slip surface is located less than 30 {t below
the dike crest. The MHEA at the anticipated critical slip surface was selected assuming the critical
slip surface is located at 10 and 27 ft below the dike crest for Cross Sections A and B, respectively.
These critical slip surface depths were not significantly different for the Lowered Water Table
elevations. 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 profiles for hoth water table elevations to an approximate depth of 100 ft below ground
surface (bgs) are provided in Table 2. MHEA values of 0.064g and 0.052g were selected for Cross
Sections A and B for the Base Water Table elevation, respectively, and MHEA values of 0.098¢g
and 0.064g were selected for Cross Sections A and B for the Lowered Water Table elevation,
respectively.

As described in the Methodology section, the horizontal seismic coefficient (ki) must be computed
assuming an allowable deformation {u}. An allowable deformation of 12 inches (in.) (30.5
centimeters [cm]) was selected for the South Ash Pond perimeter dike structures. This is a
conservative allowable deformation typically used for seismic analyses of large waste disposal
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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 kW MHEA) was conservatively
selected as (1.5, as shown in Figure 8. Thus, ks values of 0.032 and 0.026 were computed for Cross
Sections A and B, respectively, for the Base Water Table elevation, and kn values of 0.049 and 0.032
were computed for Cross Sections A and B, respectively, for the Lowered Water Table elevation.

RESULTS

The safety factor evaluation for Cross Sections A and B was performed according to the
methodology 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. The critical cross sections (i.e., the sections with the lowest computed factors) were
found to be Cross Section A for static slope stability with maximum normal storage pool and
maximum surcharge loading conditions, and Cross Section B for seismic slope stability for the Base
Water Table and Lowered Water Table elevations. Figures 9 through 16 depict the calculated safety
factors for Cross Sections A and B. While both non-circular and block-type slip surfaces were
considered in the analyses, non-circular slip surfaces were consistently more critical for the failure
modes of concern and are the critical slip surfaces as presented in Figures 9 through 16.

CONCLUSIONS

Based on the assumptions, analyses, and results presented within this calculation package, the South
Ash Pond at WGS satisfies the safety factor requirements described within the CCR Rule for
existing CCR surface impoundments.
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Table 1. Selected Material Parameters for Analysis
. Total Unit Weight Drained Parameters Undramedm
Material (ech Parameters
¢' (®) ¢’ (ps) Su/6'vo Su.min (pSf)
Dike Fill 120% 27 to 36" 0 - -
Foundation Soils 941 15 300 | Varies | 300
(Clayey)
Foundation Soils 2] 3
(Clayey Sands) 123 32 0 j j
Chicora 130 50 { - -
Wﬂliamsburg 10 5[2] 50{& 0 _ B
Formation Clay
Fly Ash 100 341 0 - -
Riprap Buttress 150 45 { - -

Notes:

1. Undrained strength parameters for clayey foundation soils were applied for the seisinic slope stability case

only.

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

2016).

3. These drained shear strengths (§) vary by location. Interpretation of in-situ results applied in the selection is
provided in Figures 6 and 7.
4. The selected undrained strength ratio (S/a'y,) varies between locations and ranges from 0.25 to 0.70 for the
selected cross sections. Interpretation of in-situ results applied in the selection is provided in Figures § and 7.
A more detailed explanation of the undrained strength ratio for clayey foundation soils is provided in the 2016
Safety Factor Assessnient Report (Geosyntec, 2016).
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Table 2. Maximum Equivalent Horizontal Acceleration (MHEA) from Site Response Analysis
for the South Ash Pond Perimeter Dikes and Varying Water Table Elevation

Profile 1 — Base Water Table Profile 1 — Lowered Water Table
Depth (ft) MHEA Depth (ft) MHEA
2.5 0.094 2.5 0.149
7.5 0.072 7.5 0.111
12.5 0.057 12.5 0.086
16.5 0.050 16.5 0.076
18.0 0.048 18.0 0.077
19.5 0.047 19.5 0.074
23.5 0.052 23.5 0.069
28.5 0.052 28.5 0.061
33.5 0.050 33.5 0.054
36.0 0.080 36.0 0.063
38.0 0.059 38.0 0.062
42.0 0.062 42.0 0.065
46.0 0.063 46.0 0.065
48.0 0.065 48.0 0.065
50.5 0.065 50.5 0.064
58.0 0.072 58.0 0.071
68.0 0.077 68.0 0.076
78.0 0.080 78.0 0.081
88.0 0.083 88.0 0.084
98.0 0.085 98.0 0.086
108.0 0.088 108.0 0.088

Notes:
1. Cross Sections A and B (sitnilar in subsurface stratigraphy and location to Profile 1} were found to have
depths 1o the critical slip surface of approximately 10 ft and 27 ft, respectively.
2. For the seismic slope stability with the Base Water Table, MHEA values of 0.064g and 0.05Z2g were selected
for Cross Section A and Cross Section B, respectively.
3. For the seismic slope stability with the Lowered Water Table, MHEA values of .098g and (.064g were
selected for Cross Section A and Cross Section B, respectively.
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