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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. 
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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 
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APPENDIX B 
 

PERIODIC HAZARD CLASSIFICATION 
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APPENDIX C 
 

PERIODIC STRUCTURAL STABILITY ASSESSMENT 
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APPENDIX D 
 

PERIODIC SAFETY FACTOR ASSESSMENT 
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SCPA AND SCPB CLOSURE 
SLOPE STABILITY ANALYSES REPORTS 

 
 
 
 



SUBJECT:
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Location: St. Charles County, MO Checked: PJJ/AGC
Date: Reviewed: KMB

Objective: 

References: 

Reference No.
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22
23
24
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26

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

PDF Format - Test Boring Report, Raymond Concrete Pile Company, dated 1963
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 
Paper GL-84-13, U.S. Army Engineer Waterways Experiment Station, Vicksbug, Mississippi, 34p. 

PDF Format - Ameren DSI Final - Detailed Geologic and Hydrologic Site Investigation Report dated 08-2006, 
GREDELL Engineering Resources, Inc. 

PDF Format - Physical Engineering Properties of CCP (#2008012455) dated 01-24-2011, Reitz & Jens
PDF Format - Cell 4A CQA Summary Report for Phase 3 (#2009012470) dated 05-24-2014, Reitz & Jens
PDF Format - EPRI Field Evaluation/Comanagement Document (TR-108409) dated 09-1998

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

PDF Format - Proposed Material Handling Facility dated 09-05-2000, URS

13

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

Rocscience (2016), SLIDE Version 7.021 64-bit

Golder Associates Inc. (Golder) - Basis of Design - CCR Pond Closures (2018)
Boulanger & Idriss (2004); Evaluating the Potential for Liquefaction or Cyclic Failure of Silts and Clays
Boulanger & Idriss (2005); Evaluating Cyclic Failure in Silts and Clays
Boulanger & Idriss (2007); Evaluation of Cyclic Softening in Silts and Clays

17

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

Olson, SM; Stark, TD (2002); Liquefied Strength Ratio from Liquefaction Flow Failure Case Histories
Wright, SG; Zornberg, JG; Aguettant, JE (2007); The Fully Softened Shear Strength of High Plasticity Clays

Sioux Energy Center - CCR Pond Closures

154-7197-01

Jan-02-2018

Slope Stability Analyses for the Closure of SCPA

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.

PDF Format - Utility Waste Landfill - Proposed Construction Permit Modification - Construction Permit # 0918301 
(SX-2014-PMT-001 Rev. 000) Dated August 2014, Reitz & Jens7

EPA. - Coal Combustion Waste Impoundment Round 7 - Dam Assessment Report - Sioux Power Station - Ameren 
Missouri - Final1

Source of Information

Golder Associates Inc. (Golder) - 2015 Ameren Groundwater Monitoring Program - MO - Well Installation Borings
PDF format As-Built provided by Ameren (SX-DWG-PROP-000001) dated 06-14-2011
PDF format As-Built provided by Ameren (8430- X-128772) dated 03-30-1993
Golder Associates Inc. (Golder) - Previous experience with CCR
PDF Format - As-Built provided by Ameren (SX-8420-X-182002) dated 01-04-2013
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Analysis Sections:

Analysis Methods:

Material Properties:  

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.

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.   

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. 

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 lbs/ft2 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.
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Table 1. Golder's Basis of Design Soil / Material Parameters

Ash 24 10 12 400
Clay (CL) Fill 22 350 0 600
Silt (MH) Fill 27 250 0 600

Sand (SP) Fill 31 0 28 0
Clay (CH) Alluvium 24 350 0 500
Silt (MH) Alluvium 27 250 0 600

Sand (SP) Alluvium 34 0 30 0

where: su =
(N1)60 =
σ'vo =
su / σ'vo =

where: ϕ'secant =
ωLL =
σ'f =
pa =

120

Wright et al (2007) Equation

Liquefied Shear Strength of Cohesive Materials:
Post-liquefaction 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.

Liquefied 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

(9), (11), (12), (14), (15), (21)
(9), (11), (12), (14), (15), (21)

(9), (11), (12), (14), (15), (21)

Total Friction 
Angle

(degrees)

Total 
Cohesion

(lb/ft2)

In-situ Unit Weight
(lb/ft3)

100
115
105
110
115
105

Note: Sands contain minor amounts of cohesive materials

(1), (5), (8), (10), (20)

(9), (11), (12), (14), (15), (21)

Shear Strength

Material

(9), (11), (12), (14), (15), (21)

(9), (11), (12), (14), (15), (21)

Source
(Resources)

Effective 
Friction 
Angle

(degrees)

Effective 
Cohesion

(lb/ft2)

liquefied undrained stear strength
corrected SPT blow counts
effective overburdern pressure
vertical stress ratio

secant friction angle
liquid limit (Atterberg limits)
effective overburdern pressure
atmospheric pressure
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PL LL
CL 20 33
CH 23 36

CL CH MH
CH 56 92 33 36 22

24 92 32
CL 18 24 29 38
CH 21 29 45 58
MH 15 22 39 53

61
CH 13 38

Geomean 33.20 52.18 26.53
CL 17 45 Average 34 55.4 27
CH 17 58
MH 14 32

CH 15 53

CL 16 39
CH 19 61

For MH soil 1 For CL soil 2 For CH soil 3
σf = 1365 psf σf = 2975 psf σf = 3550 psf
pa = 2116 psf pa = 2116 psf pa = 2116 psf
ωLL = 26.53 ωLL = 33.20 ωLL = 52.18

ϕ'secant = 23 ϕ'secant = 20 ϕ'secant = 15

Table 2. Post-Liquefaction Strength Values for Cohesive Materials
Liquefied Shear Strength

B-17-13

B-17-15

B-17-16

Liquid Limits (from Golder Borings)

Note: Overburden pressure calculated at the bottom of each material layer.

Material
(deg)

15 200

CohesionFriction Angle

20 200
Clay (CH) Alluvium RES

B-17-07

B-17-11

B-17-12

Investigation Data

(psf)
Clay (CL) Fill RES

Note: The soil designation is based on 
Table 1 and not the classification from the 
laboratory data. The classification 
parameter was used to identify the 
associated soil layer in the model.

B-17-01
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Summary of Stability Analyses Results:

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

Circular Non-Circular

1.50 2.71 2.39 3,4

1.40 2.28 1.98 5,6

1.00 1.53 1.46 7,8

1.20 2.73 2.39 9,10

Table 4. Calculated factors of safety - Slope Cross-Section B-B'

Circular Non-Circular

1.50 2.51 2.46 11,12

1.40 2.32 2.28 13,14

1.00 1.53 1.57 15,16

1.20 1.91 1.88 17,18

Table 5. Calculated factors of safety - Slope Cross-Section C-C'

Circular Non-Circular

1.50 1.82 1.72 19,20

1.40 1.78 1.67 21,22

1.00 1.20 1.12 23,24

1.20 1.52 1.47 25,26

Table 6. Calculated factors of safety - Slope Cross-Section D-D'

Circular Non-Circular

1.50 2.96 2.87 27,28

1.40 2.79 2.64 29,30

1.00 1.55 1.50 31,32

1.20 2.96 2.87 33,34

Slope Stability Case

Long-Term Steady State

Steady State with Surcharges

Post-Liquefaction Conditions

Slope Stability Case

Long-Term Steady State

Steady State with Surcharges

Pseudo-Static Seismic

Post-Liquefaction Conditions

Pseudo-Static Seismic Satisfactory

Satisfactory

Minimum 
Acceptable
Factor of 

Safety

Calculated Factor of Safety
Evaluation Figure(s)

Calculated Factor of Safety
Evaluation Figure(s)

Satisfactory

Satisfactory

Satisfactory

Satisfactory

Minimum 
Acceptable
Factor of 

Safety

Calculated Factor of Safety
Figure(s)Slope Stability Case

Steady State with Surcharges

Pseudo-Static Seismic
Satisfactory

Satisfactory

Long-Term Steady State

Post-Liquefaction Conditions

Evaluation

Satisfactory

Satisfactory

Satisfactory
Post-Liquefaction Conditions Satisfactory

Slope Stability Case

Minimum 
Acceptable
Factor of 

Safety

Calculated Factor of Safety
Evaluation Figure(s)

Long-Term Steady State Satisfactory
Steady State with Surcharges Satisfactory

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).

Satisfactory

Satisfactory

Minimum 
Acceptable
Factor of 

Safety

Pseudo-Static Seismic
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Table 7. Calculated factors of safety - Slope Cross-Section E-E'

Circular Non-Circular

1.50 1.83 1.79 35,36

1.40 1.74 1.73 37,38

1.00 1.12 1.41 39,40

1.20 1.32 1.25 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'.

Steady State with Surcharges Satisfactory
Pseudo-Static Seismic Satisfactory

Post-Liquefaction Conditions Satisfactory

Slope Stability Case

Minimum 
Acceptable
Factor of 

Safety

Calculated Factor of Safety
Evaluation Figure(s)

Long-Term Steady State Satisfactory
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Sioux Energy Center - CCR Pond Closures - SCPB
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Jan-04-2018

Analysis Sections:

Analysis Methods:

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.   

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. 

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 lbs/ft2 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.

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.
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