REPORT
2020012463

AMEREN MISSOURI SIOUX ENERGY CENTER
EVALUATION OF CCR UNITS
40 CFR PART 257
ST. CHARLES COUNTY, MISSOURI

Prepared for

Al
“4AAmeren

MISSOURI

Prepared by

REITZ & JENS, INC.

CONSULTING ENGINEERS

October 2021

The Professional whose signature and personal seal appear hereon assumes responsibility only for what appears in the
attached report and disclaims (pursuant to Section 327.411 RSMo) any responsibility for all other plans, estimates,
specifications, reports, or other documents or instruments not sealed by the undersigned Professional relating to or

intended to be used for any part or parts of the project to which this report refers.

REITZ & JENS, INC.









































































Ameren Missouri Sioux Energy Center Page 20
Evaluation of CCR Units
October 2021

6.0 PERIODIC HAZARD POTENTIAL CLASSIFICATION

40 CFR Part 257
Periodic Hazard Potential Classification Assessments for CCR Surface Impoundments
§257.83(a)(2)

The 2020 Periodic Hazard Potential Classification Assessment was conducted for active CCR surface
impoundments SCPA (Bottom Ash Pond), SCPB (Fly Ash Pond) and SCPC (Cell 1) at the Sioux Energy
Center. These CCR surface impoundments are low hazard potential because failure of the impoundment
is not expected to cause a loss of human life, and the economic, environmental and lifeline losses are
expected to be low and generally limited to the owner. The hazard potential classification was completed
in general accordance with Federal Guidelines for Dam Safety: Hazard Potential Classification for Dams
by the Federal Emergency Management Agency (January 2004).

CCR Unit Hazard Potential
Classification
SCPA Low
SCPB Low
SCPC Low

Refer to Appendix B for the 2020 Periodic Hazard Potential Classification report. The subsequent
assessment of the hazard potential must be conducted within 5 years of this assessment.
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Date: October 15, 2021
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7.0 PERIODIC STRUCTURAL STABILITY ASSESSMENT
40 CFR Part 257

Periodic Structural Stability Assessment for CCR Surface Impoundments §257.73(d)(1)

The 2020 Periodic Structural Stability Assessment was conducted for the active CCR surface

impoundments SCPA (Bottom Ash Pond), SCPB (Fly Ash Pond) and SCPC (Cell 1) at the Sioux Energy
Center. The structural stability assessment was completed in general accordance with 40 CFR Part
§257.73(d)(1). Assessment of all three CCR Units found no structural stability deficiencies, no

9
significant issues with the current operations and maintenance, and that the design and construction are
adequate, however some corrective measures were recommended

Requirement SCPA SCPB SCPC
Initial periodic assessment was
completed in general accordance
with the requirements of 40 CFR 1o Jes Ll
Part §257.73(d)(1)

Refer to Appendix C for the 2020 Periodic Structural Stability Assessment report. The subsequent
Periodic Structural Stability Assessment must be conducted within 5 years of this assessment

Engineer’s Seal
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8.0 PERIODIC SAFETY FACTOR ASSESSMENT

40 CFR Part 257
Periodic Safety Factor Assessment for CCR Surface Impoundments §257.73(e)(1)

The 2020 Periodic Safety Factor Assessment was conducted for the active CCR surface impoundment
SCPC at the Sioux Energy Center. The Periodic Safety Factor Assessment for SCPC shows that the
critical cross section for this Unit meets or exceeds the minimum factors of safety specified in 40 CFR
Part §257.73(e)(1) as summarized below. SCPA and SCPC no longer receive CCRs, have been
dewatered and are currently being closed. A safety factor assessment for the closed condition of SCPA
and SCPC, completed by Golder Associates found that the minimum factors of safety meet or exceed the

minimum requirements.

Requirement SCPA SCPB SCPC
The calculated static factor of safety under the long-
term, maximum storage pool loading condition must >1.50 >21.50 =1.50

equal or exceed 1.50.
The calculated static factor of safety under the

maximum surcharge pool loading condition must >1.40 >1.40 >1.40
equal or exceed 1.40.

The calculated seismic factor of safety must equal or >1.00 1.00 1.00
exceed 1.00.

The calculated liquefaction factor of safety must equal 51.20 >1.20 51.20

or exceed 1.20.

Refer to Appendix D for the 2020 Periodic Safety Factor Assessment report. The subsequent Periodic
Safety Factor Assessment must be conducted within 5 years of this assessment.
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HYDROLOGIC AND HYDRAULIC CAPACITY REQUIREMENTS

9.0

40 CFR Part 257
Hydrologic and Hydraulic Capacity Requirements for CCR Surface Impoundment §257.82

The 2020 periodic inflow design flood control system plan was completed for the active CCR surface
impoundment SCPC at the Sioux Energy Center. The inflow design flood control system plan was

completed in general accordance with 40 CFR Part §257(e)(1) using the 100-year design flood for low
hazard potential CCR surface impoundments. SCPA and SCPB have been dewatered and are currently

being closed. Closure of SCPA and SCPB was designed by Golder Associates so that water is not

permanently impounded within the perimeter embankment

Requirement SCPA SCPB SCPC
The periodic inflow design flood control system
plan meets the requirements of 40 CFR Part Yes Yes Yes
§257.82

Refer to Appendix E for the Inflow Design Flood Control System Plan report. The owner or operator
must prepare periodic inflow design flood control system plans every five years, or whenever there is a

change in conditions that would substantially affect the plan

Engineer’s Seal
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10.0 CLOSURE

The preceding history of construction is regarded as a living document. If there is a significant change to
any information or there are periodic updates, Ameren must update the relevant information and place it
in the facility’s operating record.

REITZ & JENS, INC.
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APPENDIX A

SIOUX FLYASH AND BOTTOM ASH POND EMBANKMENT OPERATION AND
MAINTENANCE MANUAL

OPERATION AND MAINTENANCE MANUAL FOR CELLS 1 & 4A AND RECYCLE
POND

2010 DAM SAFETY REPORT BORINGS AND SOIL LABORATORY TESTS
2015 GEOTECHNICAL BORINGS AND SOIL LABORATORY TESTS
1963 ORIGINAL PLANT BORINGS
BOTTOM ASH RELATIVE DENSITY TESTS
SIOUX-ROXFORD 5: STRUCTURE 2 BORING LOG
FLY ASH PROCTOR TESTS
DETAILED SITE INVESTIGATION BORING LOCATION MAP
DETAILED SITE INVESTIGATION LOGS FOR GEOTECHNICAL BORINGS
DETAILED SITE INVESTIGATION SOIL TEST RESULTS
UTILITY WASTE LANDFILL, SHEETS 1 TO 13

REITZ & JENS, INC.
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APPENDIX B

PERIODIC HAZARD CLASSIFICATION

REITZ & JENS, INC.
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APPENDIX C

PERIODIC STRUCTURAL STABILITY ASSESSMENT

REITZ & JENS, INC.
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APPENDIX D

PERIODIC SAFETY FACTOR ASSESSMENT

REITZ & JENS, INC.
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APPENDIX 11

SCPA AND SCPB CLOSURE
SLOPE STABILITY ANALYSES REPORTS




T SUBJECT: Sioux Energy Center - CCR Pond Closures
* Job No.: 154-7197-01 Prepared: MSG
Ag;s?)lgea{es Location: St. Charles County, MO Checked: PJJ/AGC
Date: Jan-02-2018 Reviewed: KMB

Slope Stability Analyses for the Closure of SCPA

Objective:

Evaluate the static and pseudo-static stability of the earth impoundments and critical cross-sections within the closure system at the
Ameren-Missouri Sioux Energy Center for SCPA (Bottom Ash Pond) for the CCR pond closure design.

References:
Reference No. Source of Information

EPA. - Coal Combustion Waste Impoundment Round 7 - Dam Assessment Report - Sioux Power Station - Ameren

1 Missouri - Final

2 Golder Associates Inc. (Golder) - 2015 Ameren Groundwater Monitoring Program - MO - Well Installation Borings

3 PDF format As-Built provided by Ameren (SX-DWG-PROP-000001) dated 06-14-2011

4 PDF format As-Built provided by Ameren (8430- X-128772) dated 03-30-1993

5 Golder Associates Inc. (Golder) - Previous experience with CCR

6 PDF Format - As-Built provided by Ameren (SX-8420-X-182002) dated 01-04-2013
PDF Format - Utility Waste Landfill - Proposed Construction Permit Modification - Construction Permit # 0918301

7 (SX-2014-PMT-001 Rev. 000) Dated August 2014, Reitz & Jens

8 PDF Format - Physical Engineering Properties of CCP (#2008012455) dated 01-24-2011, Reitz & Jens

9 PDF Format - Cell 4A CQA Summary Report for Phase 3 (#2009012470) dated 05-24-2014, Reitz & Jens

10 PDF Format - EPRI Field Evaluation/Comanagement Document (TR-108409) dated 09-1998

11 PDF Format - Wet FGD Retrofit (#2006012481) dated 05-31-2006, Reitz & Jens

12 PDF Format - Proposed Material Handling Facility dated 09-05-2000, URS
PDF Format - Ameren DSI Final - Detailed Geologic and Hydrologic Site Investigation Report dated 08-2006,

13 GREDELL Engineering Resources, Inc.

14 Golder Associates Inc. (Golder) - Field and Laboratory Investigation Data (2016)

15 PDF Format - Test Boring Report, Raymond Concrete Pile Company, dated 1963

16 Abramson, L.W. et al; "Slope Stability and Stabilization Methods"; 2nd Edition; Wiley; 2002

17 Hynes-Griffin, M.E. and Franklin,_ A.G. (1984), "Rationali_zing the S_eismi(_: Coefficien_t Met_hoc_i, " Miscellaneous
Paper GL-84-13, U.S. Army Engineer Waterways Experiment Station, Vicksbug, Mississippi, 34p.

18 Rocscience (2016), SLIDE Version 7.021 64-bit

19 United States Geological Society (USGS) online ha;ard mapping website
(http://earthquake.usgs.gov/research/hazmaps/design/).

20 Golder Associates Inc. (Golder) - Basis of Design - Fly Ash Pond Modification (2016)

21 Golder Associates Inc. (Golder) - Basis of Design - CCR Pond Closures (2018)

22 Boulanger & Idriss (2004); Evaluating the Potential for Liquefaction or Cyclic Failure of Silts and Clays

23 Boulanger & Idriss (2005); Evaluating Cyclic Failure in Silts and Clays

24 Boulanger & Idriss (2007); Evaluation of Cyclic Softening in Silts and Clays

25 Olson, SM; Stark, TD (2002); Liquefied Strength Ratio from Liquefaction Flow Failure Case Histories

2 Wright, SG; Zornberg, JG; Aguettant, JE (2007); The Fully Softened Shear Strength of High Plasticity Clays

20171222 - Closure Stability Calc Package SCPA.xlsx Page 2 of 74



SUBJECT: Sioux Energy Center - CCR Pond Closures
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’ Job No.: 154-7197-01 Prepared:  MSG
GOIder Location: St. Charles County, MO Checked: PJJ/AGC

ASSOClates Date: Jan-02-2018 Reviewed: KMB

Analysis Sections:

Analyses performed included the loading conditions based on the 40 CFR Parts 257 & 261 (EPA Final CCR Rule) and included: (1) Long-
Term Steady State Static (Maximum Storage Pool), (2) Steady State with Surcharges Static (Maximum Surcharge Pool), (3) Seismic
(Pseudo-static), and (4) Post-Liquefaction. Undrained (End-of-Construction) conditions were not considered for the berm slopes due to
no new construction for closure.

Notes for the loading conditions:

(1) Long-Term Steady State Static conditions considered the maximum pool height experienced and expected in the ash pond prior to
closure. Water levels in the pond are artificially elevated due to plant discharges and will recede when pond operations cease.

(2) Steady State with Surcharges looks at conditions with a uniform 300 Ibs/ft? surcharge representing equipment and other construction
operations during closure on top of the berm and closure cap.

(3) For Pseudo-static Limit Equilibrium method, see next section of report.

(4) Post-liquefaction conditions assessed the closure system with the expectations that the ash would liquefy and the shear strength
reduction of the materials within the berm. Cohesive materials were reduced to residual strength conditions (a conservative approach;
conceptualized by Boulanger & Idriss 2004, 2005, 2007) and non-cohesive contractive materials were reduced to cyclic softened
conditions, if applicable (per Olson and Stark (2002). Estimation of the residual strength for cohesive materials used an empirical
method developed by Wright et al (2007) based on liquid limit, confining stresses, and effective friction angles from the field
investigations and laboratory testing results. Subsequent sections below (Liquefied Shear Strength of Non-Cohesive Materials and
Liquefied Shear Strength of Cohesive Materials) show the values used for the cohesive and non-cohesive materials, respectively. The
sand/silt fill layers in the top portion of the berms were not evaluated due to the material being unsaturated (above the expected
piezometric line) and state of practice considers unsaturated material to have a very low potential for liquefaction during a seismic event.

Analysis Methods:

Slope stability was evaluated using the computer program SLIDE Version 7.030 64-bit (Rocscience, 2017) using the generalized limit
equilibrium method of stability analysis developed by Morgenstern and Price (Abramson et al., 2002). Circular and block search patterns
were used to find the failure surface, which resulted in a minimum calculated factor of safety for the preliminary desktop review. Static
and pseudo-static methods were performed during the analyses.

Pseudo-static limit equilibrium analyses were conducted to evaluate the stability of the proposed slope under seismic loads for
earthquake hazards. Pseudo-static stability analyses apply a constant horizontal force to the system to represent the forces generated
during an earthquake event, with the magnitude of the applied force typically related to the peak ground acceleration (PGA) of a specific
earthquake hazard risk. A pseudo-static limit equilibrium analysis was conducted to evaluate the stability of the containment berms under
a seismic load for the earthquake hazard representing a 2% probability of exceedance in 50 years (equaling 0.187g; i.e. a return period
of 2475 years) based on the United States Geological Survey (USGS) Hazard Maps. The seismic hazard as determined from the USGS
2014 Hazard Maps and Data for 2% probability of exceedance in 50 years is presented in Figure 1A. Figure 1B shows the USGS 2008
Deggregation plot for reference. As recommended by Hynes-Giriffin and Franklin (1984), a horizontal force of 1/2 of the maximum PGA
(EPA 1995) was used in this analysis (0.094g). In addition, the shear strength properties of the ash were reduced by 20% per the
method's requirements.

Material Properties:

The material properties outlined in the Basis of Design were used in the this stability analysis. For the Basis of Design material
properties, the values were obtained by considering a combination of the following: a) Laboratory soil tests by Golder Associates Inc.
(Golder) from samples obtained in March/April 2016, b) Standard Penetration (SPT) testing performed by Golder in March/April 2016, c)
Golder's May 23, 2018 Basis of Design, d) EPA Final Closure Report (2011), e) Laboratory soil tests reported by URS, f) Original Plant
Construction Borings (Raymond,1963), g) Reitz & Jens Geotechnical Reports, h) published typical values for the observed soil and rock
types, i) published engineering correlations between in-situ data and characteristic soil and rock properties, and j) Golder's professional
experience. Table 1 summarizes the soil/material parameters used for the stability analyses.

20171222 - Closure Stability Calc Package SCPA.xlsx Page30of 74
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Table 1. Golder's Basis of Design Soil / Material Parameters
Shear Strength
Material Elzﬁ??,tive Effective | Total Friction Total In-situ Unit Weight Source
/[\'r‘:g'f;” Cohesion Angle Cohesion (Ib/ft) (Resources)
2 2
(degrees) (Ib/ft%) (degrees) (Ib/ft%)
Ash 24 10 12 400 100 (1), (5), (8), (10), (20)
Clay (CL) Fill 22 350 0 600 115 (9), (11), (12), (14), (15), (21)
Silt (MA) Fill 27 250 0 600 105 (9), (11), (12), (14), (15), (21)
Sand (SP) Fill 31 0 28 0 110 (9), (11), (12), (14), (15), (21)
Clay (CH) Alluvium 24 350 0 500 115 (9), (11), (12), (14), (15), (21)
Silt (MH) Alluvium 27 250 0 600 105 (9), (11), (12), (14), (15), (21)
Sand (SP) Alluvium 34 0 30 0 120 (9), (11), (12), (14), (15), (21)

Note: Sands contain minor amounts of cohesive materials

Liguefied Shear Strength of Non-Cohesive Materials:

Post-liquefaction analysis and liquefied shear strength for non-cohesive materials was evaluated by reviewing SPT blow counts and
using the empirical method outlined by Olson & Stark (2002) for SPT N values. The equation below was used to evaluate the liquefaction
potential of the saturated sands and contained ash within the SCPA boundaries. Ash within the containment berms is potentially
liquefiable. A vertical stress ratio of 0.08 has been established for ash based on Golder's experience and was applied to the model for
analysis for post-liquefcation conditions. Olson & Stack provide the SPT blow count range of 15 to 20 as the transition between
contractive (liquefiable) sands and dilatative (non-liquefiable) sands. Alluvial sands in the area appear to be dilative in nature due to an
average blow count of 21 and therefore considered non-liquefiable.

Olson & Stark (2002) Equation
(9p] I _ 6 03+ 0.0075[(N g0l £ 0.03

GVO
for (N)) =12
where: S, = liquefied undrained stear strength
(N4)eo = corrected SPT blow counts
o'y = effective overburdern pressure

s,/ o'vo = vertical stress ratio

Liquefied Shear Strength of Cohesive Materials:

Post-liqguefaction analysis and liquefied shear strength for cohesive materials was evaluated using the empirical method outlined by
Wright et al (2007) for liquid limit (LL) values. Cohesive materials that may experience seismic strength reduction exist between EL 442
and EL 390. The materials at this elevation range are a low plasticity clay Clay (CL) Fill RES and a high plasticity Clay (CH) Alluvium
RES. Analysis used the liquid limits of these materials, confining stresses at the top and bottom depths of each material layer, and
applied the values in the method's equation to determine the estimated reduced shear strength.

Wright et al (2007) Equation

-

I 1
P, =32.5°—213og, (o, )—3log,| - | (8.1)
’ P
where: ¢'secant = secant friction angle
Wy, = liquid limit (Atterberg limits)
o= effective overburdern pressure
pPa= atmospheric pressure

20171222 - Closure Stability Calc Package SCPA.xlsx Page 4 of 74
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Investigation Data
B-17-01 PL LL
CL 20 33 Liquid Limits (from Golder Borings)
CH 23 36
B-17-07 CL CH MH
CH 56 92 33 36 22
B-17-11 24 92 32
CL 18 24 29 38
CH 21 29 45 58
MH 15 22 39 53
B-17-12 61
CH 13 38
B-17-13 Geomean 33.20 52.18| 26.53
CL 17 45 Average 34 55.4 27
CH 17 58
MH 14 32
B-17-15 Note: The soil designation is based on
CH 15 53 Table 1 and not the classification from the
B-17-16 laboratory data. The classification
CL 16 39 parameter was used to identify the
CH 19 61 associated soil laver in the model.
For MH soil 1 For CL soil 2 For CH soil 3
o= 1365 |psf o= 2975 |psf o= 3550|psf
Pa = 2116 |psf Pa = 2116 |psf Pa = 2116 |psf
W= 26.53 W= 33.20 W= 52.18
¢lsecant = 23 ¢lsecant = 20 ¢lsecant = 15
Note: Overburden pressure calculated at the bottom of each material layer.
Table 2. Post-Liguefaction Strength Values for Cohesive Materials
Liquefied Shear Strength
Material Friction Angle Cohesion
(deg) (psf)
Clay (CL) Fill RES 20 200
Clay (CH) Alluvium RES 15 200

20171222 - Closure Stability Calc Package SCPA.xIsx
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= SUBJECT: Sioux Energy Center - CCR Pond Closures
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ssociates Date: Jan-02-2018

Prepared: MSG
Checked:  PJJ/IAGC
Reviewed: KMB

Summary of Stability Analyses Results:

Tables 3, 4,5 6, and 7 summarize the minimum required safety factors for the five analyzed cross-sections using Basis of Design
material properties. The tables list the minimum factor of safety for each slope and the factor of safety for a failure. For additional
information, see the attached stability figures presented for each analysis case. Note that Cross-Sections A-A', B-B', and C-C' are cross-
sections that include the containment berm and consider global stability of the pond closure system. Cross-Section D-D' is considered
the critical cross-section of the stacked ash and analyzes the stability of the contained ash inside of the containment berms. Cross-
Section E-E' is considered the critical cross-section for the proposed Low Volume Waste (LVW) water treatment facility located within the
SCPA closure boundaries as part of the Phase 1 construction. Note that the water contained in the LVW will have a greater unit weight

than clean water (assumed to be 70 pcf for these analyses).

Table 3. Calculated factors of safety - Slope Cross-Section A-A'

Minimum
Calculated Factor of Safet
Slope Stability Case A;gig?g:‘e alculated Factor of watety Evaluation Figure(s)
Safety Circular | Non-Circular
Long-Term Steady State 1,50 971 239 Satisfactory 3.4
Steady State with Surcharges 1.40 298 1.8 Satisfactory 56
Pseudo-Static Seismic 1.00 153 1.46 Satisfactory 78
Post-Liquefaction Conditions 1.20 273 239 Satisfactory 9.10
Table 4. Calculated factors of safety - Slope Cross-Section B-B'
i
nimum Calculated Factor of Safety
- Acceptable . .
Slope Stability Case Factor of Evaluation Figure(s)
Safety Circular Non-Circular
Long-Term Steady State ;
9 Y 1.50 2.51 2.46 Satisfactory 11,12
Steady State with Surcharges ;
Y 9 1.40 2.32 2.28 Satisfactory 13,14
Pseudo-Static Seismic ;
1.00 1.53 1.57 Satisfactory 15,16
Post-Liquefaction Conditions ;
; 1.20 1.91 1.88 Satisfactory 17,18
Table 5. Calculated factors of safety - Slope Cross-Section C-C'
Minimum
Acceptable Calculated Factor of Safety
Slope Stability Case Factor of Evaluation Figure(s)
Safety Circular Non-Circular
Long-Term Steady State ;
g y 1.50 1.82 1.72 Satisfactory 19,20
Steady State with Surcharges ;
Y 9 1.40 1.78 1.67 Satisfactory 21,22
Pseudo-Static Seismic ;
1.00 1.20 1.12 Satisfactory 23,24
Post-Liquefaction Conditions ;
ruetact " 1.20 152 147 Satisfactory 25,26
Table 6. Calculated factors of safety - Slope Cross-Section D-D'
AMinin:ug? Calculated Factor of Safety
Slope Stability Case Iggi&fofe Evaluation Figure(s)
Safety Circular Non-Circular
Long-Term Steady State ;
9 Y 1.50 2.96 2.87 Satisfactory 27,28
Steady State with Surcharges ;
Y 9 1.40 2.79 2.64 Satisfactory 29,30
Pseudo-Static Seismic ;
1.00 1.55 1.50 Satisfactory 31,32
Post-Liquefaction Conditions ;
quetact " 1.20 2.96 2.87 Satisfactory 33,34

20171222 - Closure Stability Calc Package SCPA.xIsx
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Table 7. Calculated factors of safety - Slope Cross-Section E-E'
Minimum | Calculated Factor of Safety
Slope Stability Case Agggf;fg:,e Evaluation Figure(s)
Safety Circular | Non-Circular
Long-Term Steady State 150 183 179 Satisfactory 35.36
Steady State with Surcharges 1.40 174 173 Satisfactory 3738
Pseudo-Static Seismic ;
1.00 1.12 1.41 Satisfactory 39,40
Post-Liquefaction Conditions ;
d 1.20 1.32 1.25 Satisfactory 41,42

Discussion:

The results indicate that the slopes along SCPA and within the proposed closure plan do meet the minimum requirements set forth by
MDNR and the EPA CCR Final Rule for Long-Term Steady State, Steady State with Surcharges, Pseudo-Static Seismic, and Post-
Liquefaction. This conclusion includes cross-sections A-A', B-B', C-C', D-D', and E-E".

20171222 - Closure Stability Calc Package SCPA.xIsx
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Associates SAD Assessment (2% in 50 Year Event) (2014)
Golder Associates Inc. B
FILE STABILITY CHECK PJJ/AGC CLIENT . . FIGURE
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W==(-=.-25
W==[-25.-
We==[-z2.-15
Ode=[-15_-1
Horizontal Ground Oe==[1..-0.5)
Acceleration for g = E'_:":G";f'
Analysis = (1/2)*0.187¢g e, Dei05. 1)
=0.094 (per Hynes-Griffin & i‘i;:-:v:--:-‘ W==[1.15)
Franklin (1984) Tetosielolel W e=[15.2)
eSS W:=[2.25
LT P S S S B
..-O‘.*-y e el e ) ] W==[25_+=
eSS0t SR S S M I
*tﬁc“‘t*b-#‘q‘*#‘*‘*‘**
L R i i Y
TTeeeniiie,
- t*‘.
== SCALE AS SHOWN  |PROJECT Sioux Energy Center - CCR Pond Closures - SCPA
g& Golder DATE Jan2018  |miTLE
Y4 AS iat MADE BY MSG Slope USGS PSH Deaggregation Plot (2% in 50 Year Event) (2014)
sociates | _
Golder Associates Inc. -
FILE STABILITY CHECK PJJ/AGC CLIENT . . FIGURE
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Google earth

Cross-Section A-A' Profile
Looking West

Material Name Color u';:;::;m Strength Type co("::;o" (P"'
Sand [SP) Alluvium El 120 Mohr-Coulomb 4] 34
Clay (CL)Fill = 115 Mohr-Coulomb 350 22
Ash . 100 Mohr-Coulomb 10 24

iz fcH) atuvium | [l 115 Mohr-Coulomb 350 24
Sand (SP) Fill . 110 Mohr-Coulomb 4] 31

i

;‘% SCALE AS SHOWN  [PROJECT Sioux Energy Center - CCR Pond Closures - SCPA
A DATE Jan2018  |TITLE
% ': Golder MADE BY MSG SCPA Cross-Section A-A'’
Associates |
Golder Associates Inc. B
FILE STABILITY CHECK PJJAGC __[CLIENT ) ) FIGURE
PROJECTNo.  154.7197-01 REV. REVIEW KMB Ameren - Missouri 2A




Cross-Section B-B' Profile
Looking Northwest

Material Name Calor u";::;:';]m Strength Type m::;“ (::;]
sand (sPyAluvium | [] 120 Mohr-Coulomb o 34
Clay (CLIFill ] 115 MohrCoulomb | 350 | 22
SilEMH)Fill (] 105 MohrCoulomb | 250 | 27
ash ] 100 Mohr-Coulomb 10 24
cizy(cH) anwivm | [ 115 MohrCoulomb | 350 | 24
B D R R D S D

SCALE Sioux Energy Center - CCR Pond Closures - SCPA
DATE
E Golder — |
; : SCPA Cross-Section B-B'
Associates |
STABILITY CHECK . . FIGURE
154-7197-01 REV. REVIEW Ameren - Missouri




Cross-Section C-C' Profile
Looking North

Coogle earth
o)

i aceraname oo | WSO [, [conedon | pnt
7 Sand [SF) Alluvium |:| 120 Mehr-Coulomb o 34
g; Clay [CL) Fill . 115 Mohr-Coulomb 350 22
- ; Silt (MH) Fill . 105 Mohr-Coulomb 250 27
_i Ash . 100 Mohr-Coulomb 10 a4
- ] Clay [CH) Alluvium - 115 Maohr-Coulomb 350 24
o T N & T e T g0 T w00 T 120 T I o T R o0 T T
SCALE AS SHOWN  |PROJECT Sioux Energy Center - CCR Pond Closures - SCPA
A G l d DATE Jan2018  |TITLE
? = 0 er MADE BY

MSG SCPA Cross-Section C-C'

Associates

Golder Associates Inc.

CAD

FILE STABILITY CHECK PJJ/AGC CLIENT FIGURE

PROJECTNo.  154.7197-01 REV. o |rReview KMB Ameren - Missouri 2C




Cross-Section D-D' Profile
Looking West

5 Unit Weight Cohesian | Phi
Material Name | color | 1 B0 Strength Type =7
Sand [sF) Allwvivm | [T] 120 Mohr-Coulomb o 34
Clay [CL)Fill (] 115 Mohr-Coulomb 350 22
Silt (MH)Fill . 105 Mohr-Coulomb 250 27
Ash = Mahr-Coulomb
Clay [cH) Attwvium | [ Mohr-Coulomb.

ﬁ SCALE AS SHOWN  [PROJECT Sioux Energy Center - CCR Pond Closures - SCPA
A DATE Jan2018  |TITLE
& o Golder MADE BY MSG SCPA Cross-Section D-D'
Associates |
Golder Associates Inc. B
FILE STABILITY CHECK PJJAGC __[CLIENT ) ) FIGURE
PROJECTNo.  154.7197-01 REV. REVIEW KMB Ameren - Missouri 2D




Cross-Section E-E' Profile
Looking North

,: Material Mame | Color “;I'::::;?“ Strength Type w[::;m (::;]
csyictrn | [l 115 Mohr-Coulomb 350 22
@
Q? Ash [ 100 MahrCoulomb 10 24
; Watar [ ] 70 No strensth

ﬁ SCALE AS SHOWN  |PROJECT Sioux Energy Center - CCR Pond Closures - SCPA
A DATE Jan2018  |TITLE
% ': Golder MADE BY MSG SCPA Cross-Section E-E'
Associates |
Golder Associates Inc. B
FILE STABILITY CHECK PJJ/AGC __ [CLIENT _ _ FIGURE
PROJECTNo.  154.7197-01 REV. o |rReview KMB Ameren - Missouri 2E




Minimum
FS=2.71

Results
— . gle/morgenstern-price
Material Name Color {Ibs/F3) Strength Type on, (phl Surface Type: Circular
Ll deg) Search Method:Grid Search
N Radius Increment: 10
sand [sFlanwvium | [] 120 Mohr-Coulomb 0 34 Compastte SurfosesDisabled
Reverse Curvature:Invalid Surfaces
Clay [CLIFill = 115 Mohr-Coulomb 250 22 Minimurm Elewation: Mot Defined
m Depth [J:5
Ash . 100 Meohr-Coulemb 10 24 Minimum Area:Mot Defined
Minimum Weight:MNot Defined
Clay [CH) Alluvium . 115 Mohr-Coulomb 350 24 Surfaces with a factor of safety below 1.000
2.71
Sand [sP)Fill [ ] 110 Mohr-Coulomb o 21 E:“tt"' DTBES‘;f:g:;:"
nter: B8 656, 491.582
Radius: 54.237

Left Slip Surface Endpoint: 52.004, 427.738
Right Slip Surface Endpoint: 87.002, 445.322

8
ﬁ SCALE AS SHOWN  [PROJECT Sioux Energy Center - CCR Pond Closures - SCPA
A DATE Jan2018  |TITLE _ _ _ _
y=y- Golder TAOEBY 5o Cross-Section A-A' Long-Term Steady State Loading - Circular Failure
Associates | Plane
Golder Associates Inc. -
FILE STABILITY CHECK PJJ/AGC CLIENT . . FIGURE
PROJECTNO.  1247197-01 REV. REVIEW KMB Ameren - Missouri




SIEIEI

Minimum
FS=2.39

. Unit Waight Cohesion | Phi
MaterialName | Color Strength Type

= (Ibs/f3) {osf)  |ldeg)

sand (sF)aiwivm | [] 120 Mehr-Coulomb o 34
Clay [CL)Fill = 115 Mehr-Coulomb 350 22
azh = 100 Mohr-Coulomb 10 24

ciay (cH)anuvium | [ 115 Meohr-Coulomb 350 24
Sand [SP)Fill [ | 110 Meohr-Coulomb o 31

Results

gle’mongenstern-price

Search Method:Autc Refine Search
Divisions along slope:30

Circles per division: 15

Number of iterations: 10

Divisions to use in next iteration:50%
Mumber of vertices per surface:12

Minimum Elevation:Mot Defined

Minimum Depth [1:5

Minimum Area: Mot Defined

Minimum Weight:Not Defined

Surfaces with a factor of safety below 2.000
2.38

Factor of Safety: 2.39

Axis Location: 58 428, 488 890

Left Slip Surface Endpoint: 50.512, 437.288
Right Slip Surface Endpoint: 78.159, 445.196

[=5

I
100

120

T ]
160 180

40 [=2i] B0 140
ﬁ SCALE AS SHOWN  [PROJECT Sioux Energy Center - CCR Pond Closures - SCPA
A DATE Jan2018  |TITLE _ _ _
y=y- Golder ADEEY 5o Cross-Section A-A' Long-Term Steady State Loading - Non-Circular
Associates | Failure Plane
Golder Associates Inc. -

FILE STABILITY CHECK PJJ/AGC CLIENT . . FIGURE
PROJECTNO.  1247197-01 REV. REVIEW KMB Ameren - Missouri




500
L

Minimum
FS=2.28

Material Hame

Results
gle/morgenstern-price:
Surface Type: Circular
Search Method:Grid Search
Radius Increment: 10
Composite Surfaces:Disabled

Unit Weight Cohesion | Phi
(1bs/f3) Strength Type [t (deg)

Zand [SP) Alluvium

Reverse Curvature:Invalid Surfaces

120 Mohr-Coulemb o 34 Minimum Elevation:Mot Defined

Clay [CL)Fill

Minimum Depth [J:5
Minimum Area:Not Defined
Minimum Weight:Not Defined

115 Mohr-Coulomb 350 22

Ash

Surfaces with s factor of safety below 1.000
2.28

Mohr-Coulomb 10 24

Clay [CH) Alluvium

Factor of Safety: 2.28

115 Mohr-Coulomb 350 24
Center: 58.791, 430.975

Sand (5P} Fill

Radius: 53.878
Left Slip Surface Endpoint: 51.987, 437.730
Right Slip Surface Endpoint: 87.025, 445323

[
=
- 100
m
[

110 Mohr-Coulomb [+ 21

200.00 Ibsfi2

a T R A R N wo T I 140 180 180 200
ﬁ SCALE AS SHOWN  [PROJECT Sioux Energy Center - CCR Pond Closures - SCPA
A DATE Jan2018  |miTLE _ ) _ )
= Golder ADEBY 5o Cross-Section A-A' Steady State with Surcharges Loading - Circular
Associates | Failure Plane
Golder Associates Inc. -

FILE STABILITY CHECK PJJ/AGC CLIENT . . FIGURE
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SI?EI

Minimum
FS=1.98

Results

Unit Wei; Cohesion | Phi gle/morgenstern-price
AR S s twﬂ:]fﬂ Strength Type {psf} (deg) Search Method:Auto Refine Search
Divisions along slope:30
Sand [SP) Alluvium |:| 120 Mohr-Coulomb o 34 Circles per division: 15
Number of iterations: 10
- Divisicns to use in next iteration:50%
Clay [CL) Fill . 115 Mohr-Coulomb 350 22 Number of vertices per surface:12
Minimum Elevation:Mot Defined
Ash [ 100 Mohr-Coulomb 10 24 Minimum Depth [J:5
Minimum Area:Not Defined
Clay [CH) Alluwium . 115 Mohr-Coulomb 350 24 Minimum Weight:Not Defined
Surfaces with a factor of safety below 1.000
Sand [SP) Fill . 110 Mohr-Coulomb o 31 1.98
Factor of Safety: 1.98

Axis Location: 57.474, 471.057
Left Slip Surface Endpoint: 50.512, 437.288
300.00 |bs/f| Right Slip Surface Endpoint: 80.311, 445,237

300.00 |bsim2

g EC 40 b 80 100 A T TN T T AT T T T T T T e T T T T T ke’ T T T T T Tl
ﬁ SCALE AS SHOWN  |PROJECT Sioux Energy Center - CCR Pond Closures - SCPA
A DATE Jan2018  |TITLE _ _ _
y=y- Golder TAOEBY 5o Cross-Section A-A' Steady State with Surcharges Loading - Non-
Associates | Circular Failure Plane
Golder Associates Inc. -

FILE STABILITY CHECK PJJ/AGC CLIENT . . FIGURE
PROJECTNO. 154 7197-01 REV. REVIEW KMB Ameren - Missouri




I — . ____ L ol

i Material Name Color u';::::f]m Strength Type s"::::::“' « 0095
%_ Ash BO% I:l 100 Shear Normal function Ash 80% JEMWV
Sand (3P} Allwvium 8036 | [ ] 120 Shear Normal function 5P 30% Result
- glem tern-price:
Clay [CL) Fill 20% ] 115 Shear Normal function cL20% Surface Type: Circular
Search Method:Grid Search
, Clay [CH) Alluvium 20% . 115 Shear Normal function CHB0% Radius Inocrement: 10
8- Composite Surfaces Disabled
] Sand [SP) Fill 3035 = 110 ShesrNormsl function | SPFillgose | |Revers= Sumatureinvalid Surfaces
Minimum Depth []:5
Minimum Area:Not Defined
7 Minimum Weight:Not Defined
Surfaces with a factor of safety below 1.000
152
o Factor of Sefety: 1.52
3- Center: 59.041, 490,975
] Radius: 53.828
] Left Slip Surface Endpoint: 52.179, 437.787
Minimum Right Slip Surface Endpoint: 87.185, 445,225 |‘
FS=1.53 k
g
o w
el v
g
_6' ' i N I Tide’ S R R 200
s SCALE AS SHOWN  [PROJECT Sioux Energy Center - CCR Pond Closures - SCPA
A G l d DATE Jan2018  |TITLE
=y O .el": VADEEY SG Cross-Section A-A' Pseudo-Static Seismic Loading - Circular Failure
Associates | _ : Plane
Golder Associates Inc.
FILE STABILITY CHECK PJJ/IAGC CLIENT . . FIGURE
PROJECT No. 154-7197-01 REV. REVIEW KMB Ameren - Missouri




5?0

Minimum
FS=1.46

4?0

Material Name

Unit Weight
(Ibs/ffe2)

Strength Type

Shear Normal
Function

- 0.094

Ash 80%

100

Shear Normal function

Ash 30%

Sand [5P) Alluvium B0%

Shear Normal function

5P B0%

Clay [CL) Fill 3035

Shear Normal function

CL 80

1.46 Clay [CH) Alluvium 2038

Shear Normal function

CH 805

Sand [SP) Fill 203

Shear Normal function

SP Fill 0%

Results

gle/morgenstern-price

Search Method:Autc Refine Search
Divisions along slope:20

Circles per division: 15

Mumber of iterations: 10

Divisions to use in next iteration:50%
Number of vertices per surface:12
Minimum Elevation:Mot Defined
Minimum Depth [}:5

Minimum Area:MNot Defined
Minimum Weight:Not Defined

Surfaces with & factor of safety below 1.000
1.48

Factor of Safety: 1.45

Axis Location: 58.522, 473.231

Left Slip Surface Endpoint: 50.612, 437.289
Right Slip Surface Endpoint: 82 470, 445 257 F

o
B

= SCALE AS SHOWN  |PROJECT Sioux Energy Center - CCR Pond Closures - SCPA
A DATE Jan2018  |mimLE _ _ o _ _
=> Golder ADEEY e Cross-Section A-A' Pseudo-Static Seismic Loading - Non-Circular
Associates | Failure Plane
Golder Associates Inc. -
FILE STABILITY CHECK PJJ/AGC CLIENT . . FIGURE
PROJECTNo. 154 719701 REV. REVIEW KMB Ameren - Missouri




Minimum
FS=2.73

Results

gle/morgenstern-price

Surface Type: Circular

Search Method: Grid Search
Radius Increment: 10

Compaosite Surfaces:Dissbled
Reverse Curvature:lnvalid Surfaces
Minimum Elevation:Mot Defined
Minimum Depth [I:5

Minimum Area:Not Defined
Minimum Weight:Not Defined
Every available surface

273

Factor of Safety: 273

Center: 52,117, 420.252

Radius: 52.958

Left Slip Surface Endpoint: 52.083, 437.762

Right Slip Surface Endpoint: 87.155, 445.324

Vertical
. Unit Weight Cohesion | Phi imum Shear
Material Name Color Strength Ty Strength
{1bs/fe3} ee fpsf]  |(deg) | “2oE | Serangen (psf)
Sand (SP) Alluvium [ 120 Mohr-Coulomb o ES
Clay [CL) Fill = 115 Mohr-Coulomb 350 22
Ash = 100 Mohr-Coulomb 10 24
Ash Post-Lig 100 Vertical Stress Ratio 0.08 [
Sand (SP) Fill [ ] 110 Mchr-Coulomb o 21
Clay [CL) Fill RES = 115 Mohr-Coulomb 200 20
Clay (cH) Allwium Res | [] 115 Mohr-Coulomb 200 15

80

Y P T S By B B R B
100 120 140 150

180

0 20 40 &0
= SCALE AS SHOWN  |PROJECT Sioux Energy Center - CCR Pond Closures - SCPA
A DATE Jan2018  |miTLE _ ) ) o _ _
y=y- Golder TAOEBY 5o Cross-Section A-A' Post-Liquefaction Conditions - Circular Failure
Associates | Plane
Golder Associates Inc. -

FILE STABILITY CHECK PJJ/AGC CLIENT . . FIGURE
PROJECTNO. 154 7197-01 REV. o [Review KMB Ameren - Missouri




500
AT

Minimum
FS=2.39

Results

gle/morgenstern-price

Search Method:Auto Refine Search
Divisions along slope:20

Circles per division: 15

Mumber of iterations: 10

Divisions to use in next iteration:50%
Mumber of vertices per surface:12

Minimum Elevation:Mot Defined

Minimum Depth [:5

Minimum Area: Mot Defined

Minimum Weight:Mot Defined

Surfaces with a factor of safety below 2.000
239

Factor of Safety: 2.29

Axis Location: 58.5032, 489.044

Left Slip Surface Endpoint: £0.512, 427.289
Right Slip Surface Endpoint: 78.312, 445.198

Vertical
) Unit Weight Cohesion | Phi Minimum Shear
Material Name Color (Ibs /R3] Strength Type (psf} [ ) Slrer_glh s (psf}
Sand [SF) Alluvium |:| 120 Mahr-Coulomb o 34
Clay [CL) Fill = 115 Mohr-Coulomb aso 22
Ash [ 100 Mohr-Coulomb 10 24
Ash Post-Lig B 100 \ertical Stress Ratic 0.08 o
Sand [SP)Fill [ | 110 Mohr-Coulomb o 31
Clay [CL) Fill RES = 115 Mohr-Coulomb 200 20
Clay (cH) Allwium Res | [ 115 Mahr-Coulomb 200 15

B0

S B L T B B B L B W
100 120 140 160 180 200

e 40 L]
= SCALE AS SHOWN  |PROJECT Sioux Energy Center - CCR Pond Closures - SCPA
A DATE Jan2018  |TITLE _ _ _ - _
y=y- Golder ADEEY 5o Cross-Section A-A' Post-Liquefaction Conditions - Non-Circular
Associates | Failure Plane
Golder Associates Inc. B
FILE STABILITY CHECK PJJ/AGC CLIENT . . FIGURE
PROJECTNo.  154.7197-01 REV. o |rReview KMB Ameren - Missouri 10




Minimum
FS=2.51

Unit w Cohes Phi

Material Name Color r;:w:lf]m Strength Type {psf;on i I)
sand (sf)aiwivm | [] 120 Mehr-Coulomb o 34
Clay [CL)Fill = 115 Mohr-Coulomb 250 22
Silt [MH] Fill = 105 Mohr-Coulomb 250 27
azh = 100 Mohr-Coulomb 10 28
cizy(crjanwvium | [ 115 Mehr-Coulomb 350 24

Results

gle/margenstermn-price

Surface Type: Circular

Search Method: Grid Search
Radius Increment: 10

Composite Surfaces:Disabled
Reverse Curvature:invalid Surfaces
Minimum Elevation:Not Defined

e o
] Minimum Weighthat Dened
Every available surface
251
i Factor of Safety: 2.51
Center: 85.189, 474 968
Radius: 58.821
Left Slip Surface Endpoint: 46.674, 422799
Right Slip Surface Endpoint: 117.374, 444 854
“‘% SCALE AS SHOWN  [PROJECT Sioux Energy Center - CCR Pond Closures - SCPA
A DATE Jan2018  |miTLE _ ] _
=y Golder ADEEY SG Cross-Section B-B' Long-Term Steady State Loading - Circular
Associates | Failure Plane
Golder Associates Inc. B
FILE STABILITY CHECK PJJ/AGC CLIENT . . FIGURE
PROJECTNo.  154.7197-01 REV. REVIEW KMB Ameren - Missouri 11




Minimum
FS=2.46

Material Name Colar u,-;::}r;;g]m Strength Type c.:“'h:un {ph'
sand [sPlallwivm | [] 120 Mohr-Coulomb 0 34
Clay [CL) Fill = 115 Mohr-Coulomb 350 22
Silt (MH) Fill = 105 Mohr-Coulomb | 280 | 27
Ash = 100 Mohr-Coulamb 10 24

cizy (cH)allwium | [ Mohr-Coulomb

Results

gle/mergenstern-price

Search Method:Autc Refine Search
Divisicns along slope:20

Circles per division: 15

o Mumber of iterations: 10
E Divisions to use in next iteration:50%
MNumber of vertices per surface:12
i Minimum Elevation:Mot Defined
Minimum Depth [J:5
| Minimum Area:Mot Defined
0 Minimum Weight:Not Defined
™ Surfaces with a factor of safety below 2.000
I 2.48
- Factor of Safety: 2.48
Axis Location: 81.868, 497.785
o ] Left Slip Surface Endpoint: 51.847, 423.145
o Right Slip Surface Endpoint: 115 587, 444 988
a ' ' 100 ' R R . R
SCALE AS SHOWN  |PROJECT Sioux Energy Center - CCR Pond Closures - SCPA
A l d DATE Jan2018  |TITLE _ ) )
r=>- Go ICY ADEEY SG Cross-Section B-B' Long-Term Steady State Loading - Non-Circular
Associates | Failure Plane
Golder Associates Inc. -
FILE STABILITY CHECK PJJ/AGC CLIENT . . FIGURE
PROJECTNo.  154.7197-01 REV. REVIEW KMB Ameren - Missouri 12




550
Ll

Material Mame | Color u';::;:':]m Strength Type co(":r;o" (::;]
K Sand [SP) Alluvium l:l 120 Mohr-Coulomb [+] 34
=7 Clay (CL) Fill = 115 MohrCoulemb | 350 | 22
Silt [MH) Fill . 105 Mohr-Coulomb 250 27
i 2.32 Ash - 100 Mohr-Coulomb 10 24
20000 loafis Clay [CH) Alluvium . 115 Mohr-Coulomb 350 24
- ¥
Minimum ] Reit
FS=2.32 ] Surtace Type: Criesier
E E‘rea!ch Method:Grid Search
T Compesie Surtaces Dissbled
Reverse Curvature:Invalid Surfaces
Minimum Elevation:Not Defined
i Minimum Depth [J:5
a Minimum Area:Mot Defined
2 Minimum Weight: Mot Defined
h Surfaces with a factor of safety below 1.500
232
Factor of Safety: 2.22
Center: 71.015, 478.224
-] Radius: 59.515
Left Slip Surface Endpoint: 49.224, 422 953
Right Slip Surface Endpoint: 120.048, 444 604
g ' o R R YT T Tade T T T T T T T Takg T
SCALE AS SHOWN  |PROJECT Sioux Energy Center - CCR Pond Closures - SCPA
A G l d DATE Jan2018  |TITLE
. , . . .
=y o1acr ADEEY SG Cross-Section B-B' Steady State with Surcharges Loading - Circular
Associates | Failure Plane
Golder Associates Inc. B
FILE STABILITY CHECK PJJ/AGC CLIENT . . FIGURE
PROJECTNo.  154.7197-01 REV. REVIEW KMB Ameren - Missouri 13




SEIEI

Minimum
FS=2.28

Material Name Color Strength Type
(1bs/fe3) {psf) (deg)

sand (sP)allwvium | [] 120 Mohr-Coulamb o 34

Clay [CL Fill = 115 Mohr-Coulomb 350 22

Silt (MH) Fill = 105 Mohr-Coulomb 250 27

ash [ 100 Mohr-Coulomb 10 28

cizy(cH) alwivm | [ 115 Mohr-Coulomb 350 24
20000 Ibsfi2

Results

gle/morgenstern-price

Search Method:Auto Refine Search
Divisions slong slope:30

Circles per division: 15

Number of iterations: 10

Divisions to use in next iteration:50%
Mumber of vertices per surface: 12

Minimum Elevation:Mot Defined

Minimum Depth []:5

Minimum Area:Mot Defined

Minimum Weight:Mot Defined

Surfaces with 3 factor of safety below 1.500
228

Factor of Safety: 2.28

Axis Location: 64.008, 499.915

Left Slip Surface Endpoint: 52.584, 423.200
Right Slip Surface Endpoint: 118.526, 444747

=N

—
100

S L IR
300

350
ﬁ SCALE AS SHOWN  [PRoJECT Sioux Energy Center - CCR Pond Closures - SCPA
A DATE Jan2018  |TITLE _ _ _
=y~ Gol(ler TAOEBY 5o Cross-Section B-B' Steady State with Surcharges Loading - Non-
Associates D Circular Failure Plane
Golder Associates Inc. -
FILE STABILITY CHECK PJJ/AGC CLIENT . . FIGURE
PROJECTNo.  154.7197-01 REV. REVIEW KMB Ameren - Missouri 14




450
L1

- 0.084

Shear
Unit Weight
Material Name Color r}:hsf:; Strength Type Mormal
R Function
o
R
&’ ash 80% ] 100 Shear Normal function | Ach 30%
sand (sP) Allwvium 805 | [ ] 120 Shear Normalfunction | SP 80%
] Clay [CL) Fill 0% I 115 Shear Nermal function | CL80%
1.53 Silt (MH) Fill 805 O 105 Shear Normal function | MH 203
ciay (cH) awvivm oss | [ 115 Shear Normalfunction | CH 80%
o Results
2 gle/morgenstam-price
Surface Type: Circular

Search Method: Grid Search

Radius Increment: 10

Composite Surfaces:Dissbled

Reverse Curvature:invalid Surfaces
Minimum Elevation:Not Defined

Minimum Depth [J:10

Minimum Area:Mot Defined

Minimum Weight:Mot Defined

Every available surface

2] 1.53

Factor of Safety: 1.52

Center: 68.840, 470,608

Radius: 57.488

Left Slip Surface Endpoint: 37 740, 422 258
Right Slip Surface Endpoint: 120.107, 444,558

Minimum ]
FS=1.53 .' w

350
Ll

Y T e P v L B
100 180 200 25D 200 380

[=H
o,
=)

—Tg— SCALE AS SHOWN  |PROJECT Sioux Energy Center - CCR Pond Closures - SCPA
A l d DATE Jan2018  |TITLE _ _ o _ _ _
= 5 Go ICY TAOEBY G Cross-Section B-B' Pseudo-Static Seismic Loading - Circular Failure
Associates | Plane
Golder Associates Inc. -
FILE STABILITY CHECK PJJ/AGC CLIENT . . FIGURE
PROJECTNo. 454 7197-01 REV. o [ReviEw KMB Ameren - Missouri 15




5?0 5?5

47;'5

Minimum
FS=1.57

37;'5

3?0

3?5

Unit Weight Shesr

Material Name Color {Ibsm:} Strength Type Normal

Function

Ash 0% | 100 Shear Normal function | Ash 303

sand [sF)allwvium 30 | [ ] 120 Shear Normalfunction | SP20%

Clay [CL) Fill 803 ] 115 Shear Normalfunction | CL80%

Silt (MH] Fill 803 (| 105 Shear Normal function | MH 8036

ClayfcH) allwvium 2oz | [ 115 ShearNormalfunction | CH80%
Results

gle/maorgenstermn-price
Search Method:Aute Refine Search

Divisions along slope:20

Circles per division: 15

Mumber of iterations: 10

Divisions to use in next iteration:50%

Mumber of vertices per surface:12

Minimum Elevation:MNct Defined

Minimum Depth [:10

Minimum Area:Not Defined

Minimum Weight:Mot Defined

Surfaces with a factor of safety below 1.200
1.57

Factor of Safety: 1.57

Axis Location: 81.212, §11.204

Left Slip Surface Endpoint: 44,183, 422 847
Right Slip Surface Endpoint: 121.829, 444.4320

-4 0.054

100

T L L W
150 200 250 200 250

0
—Tg— SCALE AS SHOWN  |PROJECT Sioux Energy Center - CCR Pond Closures - SCPA
A l d DATE Jan2018  |TITLE _ _ o _ _
= 5 Go ICY TAOEBY G Cross-Section B-B' Pseudo-Static Seismic Loading - Non-Circular
Associates | Failure Plane
Golder Associates Inc. -
FILE STABILITY CHECK PJJ/AGC CLIENT . . FIGURE
PROJECTNo. 454 7197-01 REV. o [ReviEw KMB Ameren - Missouri 16




5?0

Minimum
FS =1.91

3?0

Vertical
) Unit Weight Cohesian | Phi Minimum Shear
Material Na Col Strength T Strength
e | tmspnz) reneth Tvps (psf)  |(deg) | “FonE" | strength (psf)
Sand (SP) Alluwium [ 120 Mohr-Coulomb o 38
Clay [CL) Fill = 115 Mahr-Coulomb 350 22
Silt (MH] Fill = 105 Mohr-Coulomb 250 27
#Ash = 100 Mohr-Coulomb 10 24
Ash Post-Lig [= 100 Vertical Strass Ratio o.08 0
Clay [CL) Fill RES = 115 Mahr-Coulomb 200 20
Ciay [cH) Allwivm res | [] 115 Mohr-Coulomb 200 15

Results

gle/morgenstem-price

Surface Type: Circular

Search Method: Grid Search

Radius Increment: 10

Composite Surfaces:Disabled

Reverse Curvature:Invalid Surfaces

Minimum Elevation:Mot Defined

Minimum Degth [J:5

Minimum Area:Mot Defined

Minimum Weight:Not Defined

Every availsble surface

1.21

Factor of Safety: 1.91

Center: 67.213, 468.504

Radius: 58.492

Left Slip Surface Endpoint: 38 369, 422 178
Right Slip Surface Endpoint: 118.015, 444,754

100

1EI-DI T

200

T
250

—
200 380

50
= SCALE AS SHOWN  |PROJECT Sioux Energy Center - CCR Pond Closures - SCPA
A DATE Jan2018  |mimLE _ _ _ - _ _
r=>- Golder TAOEBY e Cross-Section B-B' Post-Liquefaction Conditions - Circular Failure
Associates | Plane
Golder Associates Inc. -

FILE STABILITY CHECK PJJ/AGC CLIENT . . FIGURE
PROJECTNo. 454 7197-01 REV. o [ReviEw KMB Ameren - Missouri 17




5?0

Minimum
FS=1.88

3?0

Vertical
: Unit Weight Cohesion | Phi Minimum Shear
Material Nad Col Strangth T Strangth
R °T| bs/na) i tosf)  |ldeg) | “Tor=" | Strengthips
Sand [SP) Alluvium [ 120 Mohr-Coulomb o 34
Clay (CL)Fill = 115 Mohr-Coulomb 350 22
Sile (MR Fill = 105 Mohr-Coulamb 250 27
Azh ()] 100 Mohr-Coulomb 10 24
Ash Fost-Lig [ 100 Vertical Stress Ratio 0.08 o
Clay [CL) Fill RES = 115 Mohr-Coulomb 200 20
Clay [cH) Alwvivm Res | [] 115 Mohr-Coulomb 200 15

Results

gle/morgenstern-price

Search Method:Autc Refine Search
Divisions aleng slope:20

Circles per division: 15

Mumber of iterations: 10

Divisions to use in next iteration:50%
Mumber of vertices per surface: 12

Minimum Elevation:Not Defined

Minimum Depth [J:5

Minimum Area:Not Defined

Minimum Weight:Mot Defined

Surfaces with a factor of safety below 1.000
1.88

Factor of Safety: 1.88

Axis Location: 57.374, 512.445

Left Slip Surface Endpoint: 38 877, 422 378
Right Slip Surface Endpoint: 112.811, 444,848

o

150

——
200

250
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200 350
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Minimum
FS=1.82

Compaosite Surfaces:Disabled

Unit Wei Cohesi Phi
Material Name | Color ';:w:lf]m Strength Type \ psf;"" q ']
Sand (5P} Alluvium | [] 120 Mohr-Coulomb o 34
Clay [CLYFill = 115 Mohr-Coulomb 350 22
Silt [MH) Fill = 105 Mohr-Coulomb 250 27
azh = 100 Mohr-Coulomb 10 24

ciay cH) anwvium | [ 115 Mahr-Coulomb 350 24

Center: 30.545, 471.574

Results
gle/morgenstern-price
Surface Type: Circular
Search Method: Grid Search
Radius Increment: 10

Reverse Curvature:Invalid Surfaces
Minimum Elevation:MNot Defined
Minimum Depth []:10

Minimum Area:Not Defined
Minimum Weight:Mot Defined
Every available surface

1.82

Factor of Safety: 1.82

Radius: §2.279
Left Slip Surface Endpoint: 2.101, 415048
Right Slip Surface Endpoint: 87.208, 444.860
Left Slope Intercept: 2.101 417.000
Right Slope Intercept: 87.208 444860

25

T
50

200 235 280

= SCALE AS SHOWN  |PROJECT Sioux Energy Center - CCR Pond Closures - SCPA
A DATE Jan2018  |TITLE _ _ _
=y Golder ADEEY SG Cross-Section C-C' Long-Term Steady State Loading - Circular
Associates | Failure Plane
Golder Associates Inc. B
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Minimum
FS=1.72

Results

Material Name

gle/morgenstem-price
Unit Weight Cohesion | Phi Search Method:-Auto Refine Search
Eha (psfl  |ldeg) Divisions along slope:20

Sand [SP) Alluvium

Circles per division: 15
120 Mohr-Coulomb o 34 Mumber of iterations: 10
Divisions to use in next iterstion: 50%

Clay [CL)Fill

115 Mohr-Coulamb 350 22 Mumber of vertices per surface: 12
Minimum Elevation:Meot Defined

Silt (MH) Fill

Minimum Depth [):10

105 Mohr-Coulomb 250 27 Minimum. ‘Mot Defined

Ash

Minimum Weight: Not Defined
100 Mohr-Coulomb 10 24 Surfaces with = factor of safety below 1.000

BEREDO ¢

Clay [CH) Alluvium

172
115 Mohr-Coulomb 250 24 Factor of Safety: 1.72
Axis Location: 12.170, 518.244

Left Slip Surface Endpoint: 0.000, 412.000
Right Slip Surface Endpecint: 89.943, 444 802
Left Slope Intercept: 0.000 417.000

Right Slope Intercept: 89.943 444 802

SCALE

: AS SHOWN  |PROJECT Sioux Energy Center - CCR Pond Closures - SCPA
A DATE Jan2018  |TITLE _ _ _
=y~ GOI(!CI' ADEBY 5o Cross-Section C-C' Long-Term Steady State Loading - Non-Circular
Associates SAD Failure Plane
Golder Associates Inc. -
FILE STABILITY CHECK PJJ/AGC CLIENT . . FIGURE
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Minimum
FS=1.78

300.00 Ibsift2

Unit Wei Cohesion | Phi
Material Name Colar ';:w:;m Strength Type f psr;"" f ']
Sand [P Allwvium | [] 120 Mohr-Coulomb o 34
Clay [CL) Fil = 115 Mohr-Coulomb 250 22
Sitt [MH] Fill = 105 Mehr-Coulomb 250 27
Ash = 100 Mohr-Coulomb. 10 24

ciay (cH) atwivm | [ 115 Mohr-Coulomb 250 24

300.00 lbs/ft2

Results

gle/morgenstern-price

Surface Type: Circular

Search Method:Grid Search

Radius Increment: 10

Compaosite Surfaces:Disabled

Reverse Curvature:invalid Surfaces
Minimum Elevaticn:MNot Defined

Minimum Depth []:10

Minimum Area:Not Defined

Minimum Weight:Not Defined

Surfaces with a factor of safety below 1.000
178

Factor of Safety: 1.78

Center: 21.420, 478.289

Radius: 88714

Left Slip Surface Endpoint: 2.201, 415.052
Right Slip Surface Endpoint: 82,418, 444818
Left Slope Intercept: 2.301 417 .000

Right Slope Intercept: 92.418 444.619

i ' ’ l2|5l T ’ 5“0 T ’ 7‘5 ' l1 60‘ ' l12|5l ' 1 é{l ' l1 7‘5‘ ' lZélOl ' lZiE ' j ?‘D.
= SCALE AS SHOWN  |PROJECT Sioux Energy Center - CCR Pond Closures - SCPA
A DATE Jan2018  |TITLE _ _ _ _
=y Golder ADEEY SG Cross-Section C-C' Steady State with Surcharges Loading - Circular
Associates | Failure Plane
Golder Associates Inc. B
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Results

] gleir price
R_ Material Name | Calor u::;::;g]m Strength Type c°{'::r;°" {::;] m:ﬂ:‘:::::::;g:ﬁ"e Search
s Circles per division: 15
| sand (sF) alwivm | [] 120 Mohr-Coulomb o 34 Number of iterations:10
, Divisions to use in next iteration:50%
b Clay [CL) Fill = 115 Mohr-Coulomb 350 22 :"f"_'b‘! “'fE“I'E'*i P:;“g:f‘?:dz
g_- Silt (MH]) Fill = 105 Mohr-Coulomb 250 27 m::::ﬁ:z‘z‘mﬁdmeﬂ
] Minimum Weight:Nct Defined
p Ash ] 10 Mehr-Coulamb © 24 Surfaces with & factor of safety below 1.000
R 167
] clay (cH) atwivm | [ 115 Mohr-Coulamb 250 24 Factor of Safety: 1.67
- Axis Locstion: 14,142, 521653
o Left Slip Surface Endpoint: 0.000. 412.000
= Right Slip Surface Endpeint: 93.379, 444.547
| Left Slope Intercept: 0.000 417.000
Right Slope Intercept: 92,379 444.547
] 200.00 Ibsift2
Minimum &
FS=1.67 ]
§-
g
iy ' S EN 75 " 1o ' 1 140 ' 175 ' 200 235 '
SCALE AS SHOWN  |PROJECT Sioux Energy Center - CCR Pond Closures - SCPA
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. . . .
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2] Results
- gle/margenstern-price -4 0.054
: Unit Weight ShE g:::: ru::tp::;;g?::sslearm
- Material Name Color (Ibs/f3) Strength Type Mnrrr_lal Radius Inoement: 10
N e Compaosite Surfaces: Disabled
%— ~ ~ ~ Rewverse Curvature:Invalid Surfaces
- Ash B0% ] 100 Shear Mormal function | Ash 80% Mimimurm Elovation Mot Defined
] Minimum Depth [J:10
J Sand [P} Allwvium 305 | [ ] 120 Shear Mormal function | SP20% Minimum Area Mot Defined
-] Minimum Weight:Not Defined
o Clay [CL) Fill 803 [ 115 Shear Mormalfunction | CL80% Surfaces with a factor of safety below 1.000
7 120
Silt [MH] Fill 80% [ 105 Shear Mormal function | MH 80% Factor of Safety: 1.20
] o0 Center: 30.986, 471.819
; : \ ) R . j Radius: §3.687
: clay (eH) awviomsos: | [ 115 ShearMormalfunction | CH 20% Loft Slip Surface Endpoint 2.124, 415,048
o Right Slip Surface Endpoint: 88 875, 444 828
%] Left Slope Intercept: 2,124 417.000
] Right Slope Intercept: 55,675 444,528
Minimum 2]
| w
a2
-
I=|
E
o
2
o
o
2
Ep
T ] L I B L s s B By B B B By B Ly W L B BN
0 25 50 75 100 125 150 175 200 225 280 275

ADE BY VSO Cross-Section C-C' Pseudo-Static Seismic Loading - Circular Failure

Associates Plane
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E Results

= - gle/morgenstern-price

i Search Method: Auto Refine Search 0.094
| 112 “hem Di\:isi ons sln.ni.; -5|:}DEZ 30 -

[=] Mumber of vertices per surface:12

27 Ash BOS |:| 100 Shear Normalfunction | Ash B0% Minimum Elevation:MNeot Defined
i Minimum Depth [1:10
] Sand [SF) Alluvium 80% D 120 Shear Normal function SF 80% Minimum Ares:Not Defined
-] Minimum Weight:Not Defined

] Clay [CL) Fill 0% [ 115 ShearNormalfunction | CL20% ?”{[‘“ﬁ with & factar of safety below 1.000

2] 1z i}
: Silt [MH) Fill 8056 |:| 105 Shear Normal function | MH 803 ii:i[;;ﬁ:fb‘; '3'1',13;. 520,010
] Left Slip Surface Endpoint: 0.000, 412.000
N Clay [CH) Alluvium 803 . 115 Shear Normal function CH 80% Right Slip Surface Endpoint: 91 872, 444 875
B Left Slope Intercept: 0.000 417.000

é‘_ Right Slope Intercept: 91 672 444 675

Minimum E
FS=1.12 g

27
] I ppsee——————

e
K o T a 20 80 T T e T ke Tzio T ke T T2de T T2be T 280
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Minimum
FS=1.52

Vertical
) Unit Weight Cohesion | Phi Minimum Shear
Material Name Color (Ibs/f3) Strength Type [ I ) Strer_glh Strength (psf)
Sand [SP) Alluvium [ 120 Mchr-Coulomb o 34
Clay [CLIFill = 115 Mchr-Coulomb 350 22
Silt [MH] Fill = 105 Mchr-Coulomb 250 27
Ash (] 100 Mchr-Coulomb 10 24
Ash Post-Lig = 100 Vertical Stress Ratio o.o8 o
Clay [CL) Fill RES = Mahr-Coulomb 200 20
cizy(cH)auwiumres | [] Mahr-Coulomb 200 15

Results

gle/morgenstern-price

k Surface Type: Circular

Search Method:Grid Search
Radius Increment: 10

Composite Surfaces:Disabled
Reverse Curvature:Invalid Surfsces
Minimum Elevation:Not Defined
Minimum Depth [):10

Minimum Area:Not Defined
Minimum Weight:Not Defined
Every available surface

1.52

Factor of Safety: 1.62
o i CEH?EIZ. 35.317, 488 .334
9_ E::I;i::jfajne Endpoint: 11.277, 415.256
Right Slip Surface Endpeoint: 88.637, 444 839
- Left Slope Intercept: 11.277 417.000
Right Slope Intercept: 58,627 444,820
B R T T T = = = A= = A ¥ F
= SCALE AS SHOWN  |PROJECT Sioux Energy Center - CCR Pond Closures - SCPA
A G l d DATE Jan2018  |miTLE _ _ _ o ] ]
r=>- o1acr TAOEBY SG Cross-Section C-C' Post-Liquefaction Conditions - Circular Failure
Associates | Plane
Golder Associates Inc. -
FILE STABILITY CHECK PJJ/AGC __ [CLIENT . _ FIGURE
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Minimum
FS=1.47

Vertical
) Unit Weight Cohesion | Phi Minimum Shear
Material Name col Strangth Type Strength
eria gl ST =z (psfl  |ldeg) | *7or=" [ Strength ps
Sand [5F) Alluvium [ 120 Mohr-Coulomb o 34
Clay [CL)Fill = 115 Mohr-Coulomb 350 22
Silt [MH] Fill = 105 Mohr-Coulomb 250 27
Ash = 100 Mohr-Coulomb 10 24
ash Post-Lig = 100 Vertical Stress Ratic 0.0 o
Clay (CL) Fill RES = 115 Mohr-Coulomb 200 20
Clay (cH} Allwvium Res | [] 115 Mohr-Caulomb 200 15

Results

gle/morgenstern-price

Search Method:Aute Refine Search
Divisions aleng slope:20

Circles per division: 15

Number of iterations: 10

Divisions to use in next iterstion: 50%
Mumber of vertices per surface:12

Minimum Elevation:Not Defined

Minimum Depth [J:10

Minimum Area: Mot Defined

Minimum Weight:Not Defined

Surfaces with a factor of safety below 1.000
1.47

Factor of Safety: 1.47

Axis Location: 26.299, 488 970

Left Slip Surface Endpoint: 20.252, 415.480
Right Slip Surface Endpoint: 82.072, 444,526
Left Slope Intercept: 20.252 417.000

Right Slope Intercept: 89.079 444 828

-]
.
o

R R " - T = I T S ¥

= SCALE AS SHOWN  |PROJECT Sioux Energy Center - CCR Pond Closures - SCPA
A DATE Jan2018  |TITLE _ _ _ - _
=> Golder ADEEY SG Cross-Section C-C' Post-Liquefaction Conditions - Non-Circular
Associates | Failure Plane
Golder Associates Inc. B
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Minimum
FS=2.96

_ Unit Weight Cohesion | Phi
Material ame | Color | “1 B8 Strength Type st L
sand [sF) allwvivm | [] 120 Mohr-Coulomb 0 34
Clay [CLIFill = 115 Mohr-Coulomb 350 22
Site (MH) Fill = 105 Mohr-Coulomb 250 27
Ash = 100 Mohr-Coulemb 10 24

ciay cH) attwiom | [ 115 Mohr-Coulomb 250 24

Results

gle/morgenstern-price
Surface Type: Circular

Search Method:Grid Search

Radius Increment: 10

Composite Surfaces Disabled

Reverse Curvature:Invalid Surfaces

[ Minimum Elevation:Mot Defined

Minimum Depth [1:10

Minimum Area:Mot Defined

Minimum Weight:Not Defined

Every available surface

2.98

Factor of Safety: 2.86

Center: 93.226, 530.228

Radius: 98.557

Left Slip Surface Endpoint: 256,285, 452.000
Right Slip Surface Endpoint: 121.136. 437.760

g
4 ' ) "d "eo’ ' "gb’ ' ‘180’ ' 130 ' 140 ' 180 ' ‘140 ' 2do ' 2do
ﬁ SCALE AS SHOWN  [PROJECT Sioux Energy Center - CCR Pond Closures - SCPA
A DATE Jan2018  |TITLE _ _ _
y=y- Golder ADEEY 5o Cross-Section D-D' Long-Term Steady State Loading - Circular
Associates | Failure Plane
Golder Associates Inc. B
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Minimum
FS =2.87

2.87 3 E B 2
Material Name "‘"L::;f]m Strength Type m[::a'm [::;]

g
g

sand 5P} Alluwviom | [T] 120 Mohr-Coulomb o 34
Clay [CL) Fill = 115 Mohr-Coulomb 250 22
Silt (MH) Fill = 105 Mohr-Coulomb | 250 | 27

Ash = 100 Mohr-Coulomb 10 24

ciay (cH) atwvivm | [l 115 Mohr-Coulomb 350 24

Results

gle/morgenstern-price

Search Method: Auto Refine Search
Divisions along slope:30

Circles per division: 15

Mumber of iterations: 10

Divisions to use in next iteration:50%
Number of vertices per surface: 12

Minimum Elevation:Mot Defined

Minimum Depth [J:10

Minimum Area:Mot Defined

Minimum Weight:Not Defined

Surfaces with a factor of safety below 2.000
287

Factor of Safety: 2.87

Axis Location: 84.875, 531.284

Left Slip Surface Endpeint: 28.278, 452.000
Right Slip Surface Endpoint: 122.4132, 437.520

b

80 100 120 140 160 180 200 220
ﬁ SCALE AS SHOWN  [PROJECT Sioux Energy Center - CCR Pond Closures - SCPA
A DATE Jan2018  |TITLE _ _ _
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Minimum
FS=2.79

. Unit Wei Cohesion | Phi
Material Name | Color | 7 n:]"“ Strangth Type .
sand [sP)allwvium | [] 120 Mohr-Coulomb [ 34
Clay [CL)Fill = 115 Mohr-Coulomb 350 22
Sile (MH] Fill = 105 Mohr-Coulomb 250 27
Ash = 100 Mohr-Coulomb 10 24
ciay (cH) attwivm | [ 115 Mohr-Coulomb 350 24

Results

gle/morgenstern-price

Surface Type: Circular

Search Method:Grid Search

Radius Increment: 10

Compesite Surfaces: Disabled

Reverse Curvature:Invalid Surfaces
Minimum Elevaticn:Mct Defined

Minimum Depth [:10

Minimum Area: Mot Defined

Minimum Weight:Not Defined

Every available surface

2739

Factor of Safety: 2.78

Center: 92,205, 547.297

Radius: 112.856

Left Slip Surface Endpoint: 28.400, 452.000
Right Slip Surface Endpoint: 122.407, 427.621

T B B ) B B BN PP B T
100 120 140 180 180 200 220 240

ﬁ SCALE AS SHOWN  [PROJECT Sioux Energy Center - CCR Pond Closures - SCPA
A DATE Jan2018  |TITLE _ _ _ _
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Associates | Failure Plane
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Minimum
FS=2.64

30000 Bez

T Material Name | Color u';:::;g]m Strensth Type w;:;“" (:';]
Sand [SF) Alluvium l:l 120 Mohr-Coulomb o 34

Clay [CLYFill . 115 Mohr-Coulomb 350 22

Silt [MH]Fill . 105 Mohr-Coulomb 250 27

Ash . 100 Mohr-Coulomb 1o 24

Clay [CH) Alluvium . 115 Mohr-Coulomb 350 24

Results

gle/morgenstern-price

Search Method:Auto Refine Search
Divisions along slope:20

Circles per division:15

MNumber of iterations: 10

Divisions to use in next iteration:50%
Mumber of vertices per surface: 12

Minimum Elevation:Not Defined

Minimum Depth [1:10

Minimum Area: Mot Defined

Minimum Weight:Not Defined

Surfaces with s factor of safety below 2.000
284

Factor of Safety: 2.84

Axis Location: 92,238, 538.570

Left Slip Surface Endpoint: 21.101, 452.000
Right Slip Surface Endpoint: 122.412, 437.520

T
40

3

T T
20

L B B T o L R WL S B
100 120 140 180 120 200 220

ﬁ SCALE AS SHOWN  [PROJECT Sioux Energy Center - CCR Pond Closures - SCPA
A DATE Jan2018  |TITLE _ _ _
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Minimum
FS=1.55

Unit Weight Sheas

b 0054

Material Name color | U ey Strength Type Normal
Function

ash 805 ] 100 Shear Normal function | Ash 80%

sand [sF) Alluvium s0%s | [ 120 Shear Normal function | 5P 80%
Clay (CL} Fill 20% I 115 Shear Mormal function | CL30%
Silt (MH) Fill 803 | 105 Shear Normal function | MH 80%
clay (cH) atwvivm 503 | [ 115 Shear Normal function | CH 803

Results

gle/morgenstern price

Surface Type: Circular

Search Method: Grid Search
Radius Inorement: 10

Composite Surfaces:Disabled
Reverse Curvature:Invalid Surfaces
Minimum Elevation:Not Defined
Minimum Depth [J:10

Minimum Area:MNot Defined
Minimum Weight:Not Defined
Every available surface

\

w 155
| Center: 82725, 524.350
a Radius: 91.472
4| Left Slip Surface Endpoint: 35.484, 452.000
Right Slip Surface Endpoint: 121.827, 427.620
&
) ' =y =y TTen T B Y T e T =S
—Tg— SCALE AS SHOWN [PROJECT Sioux Energy Center - CCR Pond Closures - SCPA
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FILE STABILITY CHECK PJJ/AGC CLIENT . . FIGURE
PROJECTNo. 454 7197-01 REV. REVIEW KMB Ameren - Missouri 31




Minimum
FS=1.50

1.50

- 0.054

Shaar

Unit Weight
Material Name Color I}:Ds!:;g} Strength Type MNormal
Function
Ash 8036 ] 100 Shear Normal function | Ash 8036
sand [sF) Alluvium 205 | [ ] 120 Shear Normslfunction | 5P 303
Clay [CL) Fill 30% I 115 Shear Normalfunction | €L80%
Silt (MH]) Fill 203 O 105 Shear Normal function | MH 803
crayicHjaiwivmsoss | [ 115 Shear Normal function | CH 80

Results

gle/morgenstern-price
Search Method:Auto Refine Search
Divisions along slope:20

Circles per division: 15

Number of iterations: 10

Divisions to use in next iteraticn:50%.
Mumber of vertices per surface:12

Minimum Elevation:Mot Defined

Minimum Depth []:10

Minimum Area: Mot Defined

Minimum Weight:Not Defined

Surfaces with a factor of safety below 1.000
1.50

Factor of Safety: 1.50

Axis Location: 84 842, 531 380

Left Slip Surface Endpoint: 36.212, 452.000

- w Right Slip Surface Endpeoint: 122.412, 437.5620
§-
] ! IZID I4IDI T ‘;-IDI ' BID ' " IHﬂD. Tt Ih'IiDI Tt I1‘IHJI Tt I1‘;I-DI Tt I1BIDI Tt 'z:'m' Tt IE.'I'LDI
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Minimum
FS=2.96

Vartical
- Unit Weight Cohesion | Phi Minimum Shear
Material Name Calor Strength Ty Strength
[ibs/#3) e fpsf)  [(deg) | ror= | Strength (ps)
sand [sF) Alluvium | [] 120 Mohr-Coulomb o 24
Clay (CL) Fill = Mohr-Coulomb 350 22
Silt [MH] Fill = Mohr-Coulomb 250 27
Ash ] Mohr-Coulomb 10 24
Clay [CH) Alluwium . Mohr-Coulomb 350 24
Ash Post-Lig Vertical Stress Ratio 0.08

Results

gle/morgenstern-price

Surface Type: Circular

Search Method:Grid Search
Radius Inorement: 10

Composite Surfaces:Disabled
Reverse Curvature:invalid Surfaces
Minimum Elevation: Mot Defined
Minimum Depth [:10

Minimum Area:Not Defined
Minimum Weight:Not Defined

295

Factor of Safety: 2 898
Center: 93.154, 528.677
Radius: 85 213

Surfaces with s factor of safety below 2.000

Left Slip Surface Endpoint: 35.275, 452.000
Right Slip Surface Endpoint: 121 318, 437 725

4
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Minimum
FS =2.87

2.87

Vertical
. Unit Weight Cohasion | Phi Minimum Shear
Material Name Color (Ibs/f3) Strength Type (ps) [ ) Sirer_glh 5 (pst)
sand [5F) Allwivm | ] 120 Mohr-Coulomb 0 34
Clay [CL) Fill = 115 Mohr-Coulomb 350 22
Silt (MH) Fill = 105 Mohr-Coulomb 250 27
Ash = 100 Mohr-Coulomb 10 24
Clay [CH) Alluvium . 115 Mohr-Coulomb 350 24
Ash Past-Lig 100 Vertical Stress Ratio 0.08 o
Results

gle/mergenstern-price
Search Method: Auto Refine Search

Divisions along slope: 20

Circles per division: 15

MNumber of iterations: 10

Divisicns to use in next iteration:50%

Mumber of vertices per surface: 12

Minimum Elevation:Not Defined

Minimum Depth [J:10

Minimum Area:Mot Defined

Minimum Weight:Mot Defined

Surfaces with a factor of safety below 2.000
287

Factor of Safety: 2.87

Axis Location: 24.875, 521.294

Left Slip Surface Endpoint: 28.278, 452.000
Right Slip Surface Endpeoint: 122.412, 437.520
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100 120 140
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A DATE Jan2018  |TITLE _ _ _ - _
=y Golder ADEEY SG Cross-Section D-D' Post-Liquefaction Conditions - Non-Circular
Associates | Failure Plane
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Minimum
FS=1.83

uw
: } Unit Weight
: Material Name | Color Strength Type
: 3 {1bs/#3) (psfl  |{de)
: ol i
- ayieorn | [ 115 Mohr-Coulomb 350 22
27
: ash (| 100 Mahr-Coulomb 10 22
- Water . 70 Mo =strength
L
=N
-
(=]
%
5!
2=

Results

gle/morgenstern-price:

Surface Type: Circular

Search Method: Grid Search
Radius Increment: 10

Compaosite Surfaces:Disabled
Reverse Curvature:invalid Surfaces
Minimum Elevation:Not Defined
Minimum Depth [J:10

Minimum Area:Not Defined
Minimum Weight:Mot Defined
Every available surface

1.82

Factor of Safety: 1.83

Center: 140.028, 500.237

Radius: 82.054

Left Slip Surface Endpoint: 125.052, 440.017

Right Slip Surface Endpoint: 188.027, 458 589

T
120

P B W B B
180 200 220 240 280

20 100
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- Material Name

Unit Weight
(Ibs/f3)

Strength Type

Phi

jeg) Results
i gle/morgenstern-price

Clay [CL) Fill

115

Maohr-Coulomb

Search Method:Aute Refine Search
Divisions along slope:30

22

Ash

100

Maohr-Coulomb

Circles per division:15

24 Mumber of iterations: 10

| Water

Jo

Mo strength

Divisicns to use in next iteration:50%
MNumber of vertices per surface:12

Minimum
FS=1.79

Minimum Elevation:Mot Defined

Minimum Depth [):10

Minimum Area:Not Defined

Minimum Weight:Not Defined

Surfaces with a factor of safety below 1.000
179

Factor of Safety: 1.72

Axis Location: 126.421, 508.212

Left Slip Surface Endpoint: 125000, 440.000
Right Slip Surface Endpoint: 184.938, 458.548
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Minimum
FS=1.74

w
o]
w |
o
2]
w |
. 5 Unit Weight i
L Material Name | Color Strength Type
- {Ibs/fe3) {psf) [deg)
ﬁ.’ cayicurn | [ 115 Mohr-Coulomb aso 22
; Ash [ 100 Mohr-Coulomb 10 24
A Water . 70 Mo strength
o
=N
w |
Fa
=
300.00 Ibsift2

Results

gle/margenstern-price

Surface Type: Circular

Search Method:Grid Search

Radius Inorement: 10

Composite Surfaces Disabled

Reverse Curvature:Invalid Surfaces

Minimum Elevation:Mot Defined

Minimum Depth [J:10

Minimum Area:Not Defined

Minimum Weight: Mot Defined

Every available surface

1.74

Factor of Safety: 1.74

Center: 140.219, 459.864

Radius: 61.808

Left Slip Surface Endpoint: 125.328, 440.108
Right Slip Surface Endpeoint: 186.057, 458.580

300.00 Ibs/ft2

[1] 25 50 75 150 175 200 225 250
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Minimum
FS=1.73

N Unit Waight Cohesion | Phi
Material Name | Color (Ibs/R2) Strength Type (psf) (deg)
- czyicirn | [ 115 Mohr-Coulombs 1so 22
ﬁ.’ Ash (| 100 Mohr-Coulomb 10 24
] Water . 70 Mo strength
o
=N
o
@]
= |

300.00 lbsit2

Results

gle/morgenstern-price

Surface Type: Circular

Search Metheod: Auto Refine Search

Divisions along slope: 20

Circles per division:15

Number of iterations: 10

Divisions to use in next iteration:50%
Composite Surfaces:Enabled

Minimum Elevation:Mot Defined

Minimum Depth [:10

Minimum Area:Mot Defined

Minimum Weight:Mot Defined

Every available surface

1.73

Factor of Safety: 1.72

Center: 140.252, 505.702

Radius: 67.456

Left Slip Surface Endpoint: 125.005, 440.002
Right Slip Surface Endpoint: 188.665, 458 687

300.00 IbsHt2
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: J‘W; 0.094
Results
| gle/morgenstern-price
7 Surface Type: Circular
] . Unit Weight Shear SEs.rch M Eth:::l:G.ri:i Search

o Material Name | Color | — e o) Strength Type Fton:::L g?:r: :;ﬁ:;?::;:msa e

L Reverse Curvature:Invalid Surfaces
] Ash B0 D 100 Shear Normal function Ash B0 Einimum EI E\;:ti[_nr::glct Defined
| inimum Depth [I:
] ciay(cLjFinsoss | [] 115 Shear Normalfunction | CL803 t:::::ﬁ: ";;:Z:(“:‘S(ESZE:E:'

o Water [ ] 70 No strength Sy avallable suface

77 1.12 Factor of Safety: 1.12

Minimum : Radiom e12
FS=1.12 : o SipSuren S e smone

£
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I|[« =

Results

gle/morgenstern-price

Surface Type: Circular

Search Method: Autc Refine Search
Divisions along slope: 30

Circles per division: 15

Mumber of iteraticns: 10

Divisions to use in next iteration:50%
Composite Surfaces:Enabled
Minimum Elevation:Not Defined
Minimum Depth [1:10

Minimum Area:Mot Defined
Minimum Weight:Not Defined

Every available surface

1.1

Factor of Safety: 1.11

Center: 138532, 505 217

Radius: 88.202

Left Slip Surface Endpoint: 125.005, 440.002

Right Slip Surface Endpoint: 187.979, 458 8682

o

@

w |

o

2

w |
b Shear
p Unit Waight
i Material Name Color m e Strength Type Mormal

5] {1bs/fe3) "

S Function
b Ash 205 [l 100 ShearMormalfunction | Ash 20%
; clay(cuFineos | [] 115 ShearMormalfunction | CL80%

.. =l Warter . 70 No strength
Minimum EE

2]

E

27

7

o’

S

=h
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Material Name

Unit Weight

{Ibs/#t3) Strength Type

Results

gle’morgenstern-price

Surface Type: Circular

Search Method:Grid Search
Radius Increment: 10

Composite Surfaces:Disabled
Reverse Curvature:lnvalid Surfaces
Minimum Elevation: Mot Defined
Minimum Depth [J:10

Minimum Shear
Strength (psf)

27 Clay [CL) Fill
3]

115 Mohr-Coulomb

Minimum Area:Mot Defined
Minimum Weight:Mot Defined

Ash

100 Mohr-Coulomb

Every available surface
1.32

Aszh Post-Lig

Minimum
FS=1.32

130 Vertical Stress Ratic

Factor of Safety: 1.22
Center: 144 820, 4745233

Water

70 No strength

Radius: 76.254

Left Slip Surface Endpoint: 78.044, 427.149
Right Slip Surface Endpoint: 217.520, 451 859
Left Slope Intercept: 78.044 427.148

Right Slope Intercept: 217.520 457.000
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57;'5

5?0

Minimum
FS=1.25

5?5

SI?D

— M, o meen L, EwE RS :_; sy
ciayicurin | [ 115 Mohr-Coulomb 250 22
Ash = 100 Meohr-Coulomb 10 24
Azh Post-Lig 100 Wertical Stresz Ratio 0.08 [+]
Water [ ] 70 Mo strength
Results

gle/morgenstern-price

Search Method: Auto Refine Search
Divisions along slope:20

Circles per division:15

Mumber of iterations: 10

Divisions to use in next iteration:50%
Number of vertices per surface:12

Minimum Elevation:Mot Defined

Minimum Depth []:10

Minimum Area:Mot Defined

Minimum Weight:Mot Defined

Surfaces with a factor of safety below 1.000
1.25

Factor of Safety: 1.25

Axis Location: 132942, 681 885

Left Slip Surface Endpoint: 72.245, 438.617
Right Slip Surface Endpoint: 212.115, 451.207
Left Slope Intercept: 72.345 438.517

Right Slope Intercept: 219.118 457.000
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é’ ? Golder Job No.: 154-7197-01 Prepared:  MSG
=~ 4 Location: St. Charles County, MO Checked:

Associates

SUBJECT: Sioux Energy Center - CCR Pond Closures - SCPB

Date: Jan-04-2018 Reviewed:

Objective:

Slope Stability Analyses for the Closure of SCPB

Evaluate the static and pseudo-static stability of the dam impoundments and critical cross-sections within the closure system at the
Ameren-Missouri Sioux Energy Center for SCPB (Fly Ash Pond) for the CCR pond closure design.

References:

Reference No.

Source of Information

EPA. - Coal Combustion Waste Impoundment Round 7 - Dam Assessment Report - Sioux Power Station -

1 Ameren Missouri - Final
2 Golder Associates, Inc. (Golder) - 2015 Ameren Groundwater Monitoring Program - MO - Well Installation
3 PDF format As-Built provided by Ameren (SX-DWG-PROP-000001) dated 06-14-2011
4 PDF format As-Built provided by Ameren (8430- X-128772) dated 03-30-1993
5 Golder Associates, Inc. (Golder) - Previous experience with CCR
6 PDF Format - As-Built provided by Ameren (SX-8420-X-182002) dated 01-04-2013
PDF Format - Utility Waste Landfill - Proposed Construction Permit Modification - Construction Permit #
7 0918301 (SX-2014-PMT-001 Rev. 000) Dated August 2014, Reitz & Jens
8 PDF Format - Physical Engineering Properties of CCP (#2008012455) dated 01-24-2011, Reitz & Jens
9 PDF Format - Cell 4A CQA Summary Report for Phase 3 (#2009012470) dated 05-24-2014, Reitz & Jens
10 PDF Format - EPRI Field Evaluation/Comanagement Document (TR-108409) dated 09-1998
11 PDF Format - Wet FGD Retrofit (#2006012481) dated 05-31-2006, Reitz & Jens
12 PDF Format - Proposed Material Handling Facility dated 09-05-2000, URS
PDF Format - Ameren DSI Final - Detailed Geologic and Hydrologic Site Investigation Report dated 08-2006,
13 GREDELL Engineering Resources, Inc.
14 Golder Associates, Inc. (Golder) - Field and Laboratory Investigation Data (2016)
15 PDF Format - Test Boring Report, Raymond Concrete Pile Company, dated 1963
16 Abramson, L.W. et al; "Slope Stability and Stabilization Methods"; 2nd Edition; Wiley; 2002
Hynes-Griffin, M.E. and Franklin, A.G. (1984), "Rationalizing the Seismic Coefficient Method, " Miscellaneous
17 Paper GL-84-13, U.S. Army Engineer Waterways Experiment Station, Vicksbug, Mississippi, 34p.
18 Rocscience (2016), SLIDE Version 7.021 64-bit
19 United States Geological Society (USGS) online ha_zard mapping website
(http://earthquake.usgs.gov/research/hazmaps/design/).
20 Golder Associates, Inc. (Golder) - Basis of Design - Fly Ash Pond Modification (2016)
21 Golder Associates, Inc. (Golder) - Basis of Design - CCR Pond Closures (2018)
22 Boulanger & Idriss (2004); Evaluating the Potential for Liquefaction or Cyclic Failure of Silts and Clays
23 Boulanger & Idriss (2005); Evaluating Cyclic Failure in Silts and Clays
24 Boulanger & Idriss (2007); Evaluation of Cyclic Softening in Silts and Clays
25 Olson, SM; Stark, TD (2002); Liquefied Strength Ratio from Liquefaction Flow Failure Case Histories
26 Wright, SG; Zornberg, JG; Aguettant, JE (2007); The Fully Softened Shear Strength of High Plasticity Clays
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= = SUBJECT: Sioux Energy Center - CCR Pond Closures - SCPB

€ ? Golder Job No.; 154-7197-01 Prepared:  MSG
~ Associates Location: St. Charles County, MO Checked:

Date: Jan-04-2018 Reviewed:

Analysis Sections:

Analyses performed included the loading conditions based on the 40 CFR Parts 257 & 261 (EPA Final CCR Rule) and included: (1)
Long-Term Steady State Static (Maximum Storage Pool), (2) Steady State with Surcharges Static (Maximum Surcharge Pool), (3)
Seismic (Pseudo-static), and (4) Post-Liquefaction. Undrained (End-of-Construction) conditions were not considered for the berm
slopes due to no new construction for closure.

Notes for the loading conditions:
(1) Long-Term Steady State Static conditions considered the maximum pool height experienced and expected in the ash pond prior
to closure. Water levels in the pond are artificially elevated due to plant discharges and will recede when pond operations cease.

(2) Steady State with Surcharges looks at conditions with a uniform 300 Ibs/ft> surcharge representing equipment and other
construction operations during closure on top of the berm and closure cap.

(3) For Pseudo-static Limit Equilibrium method, see next section of report.

(4) Post-liquefaction conditions assessed the closure system with the expectations that the ash would liquefy and the shear strength
reduction of the materials within the berm. Cohesive materials were reduced to residual strength conditions (a conservative
approach; conceptualized by Boulanger & Idriss 2004, 2005, 2007) and non-cohesive contractive materials were reduced to cyclic
softened conditions, if applicable (per Olson and Stark (2002). Estimation of the residual strength for cohesive materials used an
empirical method developed by Wright et al (2007) based on liquid limit, confining stresses, and effective friction angles from the
field investigations and laboratory testing results. Subsequent sections below (Liquefied Shear Strength of Non-Cohesive Materials
and Liquefied Shear Strength of Cohesive Materials) show the values used for the cohesive and non-cohesive materials,
respectively. The sand/silt fill layers in the top portion of the berms were not evaluated due to the material being unsaturated (above
the expected piezometric line) and state of practice considers unsaturated material to have a very low potential for liqguefaction
during a seismic event.

Analysis Methods:

Slope stability was evaluated using the computer program SLIDE Version 7.030 64-bit (Rocscience, 2017) using the generalized
limit equilibrium method of stability analysis developed by Morgenstern and Price (Abramson et al., 2002). Circular and block
search patterns were used to find the failure surface, which resulted in a minimum calculated factor of safety for the preliminary
desktop review. Static and pseudo-static methods were performed during the analyses.

Pseudo-static limit equilibrium analyses were conducted to evaluate the stability of the proposed slope under seismic loads for
earthquake hazards. Pseudo-static stability analyses apply a constant horizontal force to the system to represent the forces
generated during an earthquake event, with the magnitude of the applied force typically related to the peak ground acceleration
(PGA) of a specific earthquake hazard risk. A pseudo-static limit equilibrium analysis was conducted to evaluate the stability of the
containment berms under a seismic load for the earthquake hazard representing a 2% probability of exceedance in 50 years
(equaling 0.187g; i.e. a return period of 2475 years) based on the United States Geological Survey (USGS) Hazard Maps. The
seismic hazard as determined from the USGS 2014 Hazard Maps and Data for 2% probability of exceedance in 50 years is
presented in Figure 1A. Figure 1B shows the USGS 2008 Deggregation plot for reference. As recommended by Hynes-Griffin and
Franklin (1984), a horizontal force of 1/2 of the maximum PGA (EPA 1995) was used in this analysis (0.094g). In addition, the shear
strength properties of the ash were reduced by 20% per the method's requirements.

Material Properties:

The material properties outlined in the Basis of Design were used in the this stability analysis. For the Basis of Design material
properties, the values were obtained by considering a combination of the following: a) Laboratory soil tests by Golder Associates
Inc. (Golder) from samples obtained in March/April 2016, b) Standard Penetration (SPT) testing performed by Golder in March/April
2016, c) Golder's May 23, 2018 Basis of Design, d) EPA Final Closure Report (2011), e) Laboratory soil tests reported by URS, f)
Original Plant Construction Borings (Raymond,1963), g) Reitz & Jens Geotechnical Reports, h) published typical values for the
observed soil and rock types, i) published engineering correlations between in-situ data and characteristic soil and rock properties,
and j) Golder's professional experience. Table 1 summarizes the soil/material parameters used for the stability analyses.
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5?0

Minimum
FS=1.45

Vertical
Material Name Colar | UnitWeight ctraneth T Cohesion | Phi | ST iMinimum Shear
{ibs/fe3) mEth.me (osfl  [ldeg) [ "= | strength(ns)
Sand [SP) Fill [ | 110 Mahr-Coulomb o 31
Silt (MH) Fill = 105 Mahr-Coulomb 250 27
Sand (SP) Alluvium | 120 Mahr-Coulomb o 34
Clay (CH) Alluvium (] 115 Mahr-Coulomb 350 24
Silt (MH) Alluvium 1 105 Mohr-Coulomb 250 27
site(MH} alwvivm res | [T 105 Mahr-Coulomb 250 23
Ash = 100 Mohr-Coulomb 10 24
Ash Postlig [ 100 \ertical Stress Ratio 0.08 o
GM Liner . 58 Infinite strength

A

Results

gle/morgenstern-price

Search Method:Auto Refine Search
Divisions along slope:20

Circles per division: 15

Mumber of iterations: 10

Divisions to use in next iteration:50%
Number of vertices per surface:12
Minimum Elevation:Not Defined
Minimum Depth [J:5

Minimum Area:Not Defined
Minimum Weight:Not Defined
Surfaces with a factor of safety below 1.000
1.45

Factor of Safety: 1.45

Axis Location: 508.982, 489.818

Left Slip Surface Endpoint: 469.8329, 444 159
Right Slip Surface Endpeint: 525 808, 434 938
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Ameren Missouri Sioux Energy Center
Evaluation of CCR Units
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APPENDIX E

HYDROLOGY AND HYDRAULICS

REITZ & JENS, INC.
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