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EXECUTIVE SUMMARY 

Golder Associates Inc. (Golder) has prepared this report for Westar Energy (Westar) to summarize the 

results of Golder’s slope stability evaluation of the bottom ash staging area at Westar’s Tecumseh Energy 

Center (TEC) near Tecumseh, Kansas.  This report serves as the initial safety factor assessment required 

under 40 CFR 257.73(e)(1) for surface impoundments used in the management of coal combustion 

residuals (CCRs).  The report presents a description of the bottom ash staging area at TEC, a summary 

of Golder’s subsurface investigation around the bottom ash staging area, a narrative describing the basis 

and results of Golder’s slope stability evaluation, closing remarks, and a list of cited references. 

The computed minimum factors of safety resulting from Golder’s slope stability evaluation are 

summarized and compared with the minimum required factors of safety in Table ES-1. 

Table ES-1:  Summary of Slope Stability Evaluation Results 

Loading Condition 
Computed Minimum Factor 
of Safety 

Minimum Required Factor of 
Safety 

Static, long-term maximum storage 
pool 1.51 1.50 

 
Static, maximum surcharge pool 1.51 1.40 

 
Seismic 1.38 1.00 

 

In each case, the computed minimum factor of safety resulting from Golder’s slope stability evaluation 

meets or exceeds the minimum required factor of safety specified in 40 CFR 257.73(e)(1) for surface 

impoundments used in the management of CCRs. 



August 2016  i 1657212

 

 

 

i:\16\1657212\0400\tec stabeval_fnl-23aug16\1657212 tec stabilityevalrpt_fnl-23aug16.docx  

Table of Contents  

EXECUTIVE SUMMARY ........................................................................................................................ ES-1 

1.0  INTRODUCTION .............................................................................................................................. 1 

1.1  Background .................................................................................................................................. 1 

1.2  Bottom Ash Staging Area Description .......................................................................................... 1 

2.0  SUBSURFACE INVESTIGATION .................................................................................................... 2 

3.0  SLOPE STABILITY EVALUATION .................................................................................................. 4 

3.1  Minimum Required Factors of Safety ........................................................................................... 4 

3.2  Cross Section ............................................................................................................................... 4 

3.3  Engineering Parameters .............................................................................................................. 5 

3.4  Groundwater ................................................................................................................................. 6 

3.5  Stability Analyses ......................................................................................................................... 6 

4.0  CLOSING ......................................................................................................................................... 8 

5.0  REFERENCES ................................................................................................................................. 9 

 

List of Tables 

Table ES-1 Summary of Slope Stability Evaluation Results 
Table 1 Summary of Slope Stability Evaluation Engineering Parameters 
Table 2 Summary of Slope Stability Evaluation Results 
 

List of Figures 

Figure 1 Facility Layout 
Figure 2 Slope Stability Analysis Result – Static Loading, Maximum Storage Pool Condition 
Figure 3 Slope Stability Analysis Result – Static Loading, Maximum Surcharge Pool Condition 
Figure 4 Slope Stability Analysis Result – Seismic Loading 
 

List of Appendices 

Appendix A Berm Reshaping Design Information 
Appendix B Borehole Logs 
Appendix C Laboratory Geotechnical Test Results 
Appendix D Seismic Hazard Map 



August 2016  1 1657212

 

 

i:\16\1657212\0400\tec stabeval_fnl-23aug16\1657212 tec stabilityevalrpt_fnl-23aug16.docx  

1.0 INTRODUCTION 

1.1 Background 

Golder Associates Inc. (Golder) has prepared this report for Westar Energy (Westar) to summarize the 

results of Golder’s slope stability evaluation of the bottom ash staging area at Westar’s Tecumseh Energy 

Center (TEC) near Tecumseh, Kansas.  This report serves as the initial safety factor assessment required 

under 40 CFR 257.73(e)(1) for surface impoundments used in the management of coal combustion 

residuals (CCRs).  The report presents a description of the bottom ash staging area at TEC (Section 1), a 

summary of Golder’s subsurface investigation around the bottom ash staging area (Section 2), a narrative 

describing the basis and results of Golder’s slope stability evaluation (Section 3), closing remarks 

(Section 4), and a list of cited references (Section 5). 

1.2 Bottom Ash Staging Area Description 

Tecumseh Energy Center is a coal-fired electric generating facility located in Shawnee County, Kansas.  

Bottom ash generated at TEC is temporarily staged (with small quantities of other permitted non-

hazardous materials) in a surface impoundment located west of the power block to facilitate dewatering.  

The bottom ash staging area is shown in Figure 1.  After bottom ash is dewatered, it is transported to an 

on-site landfill for permanent storage or used beneficially off site.  The bottom ash staging area was 

primarily constructed by excavation from existing grades, although some fill was used to establish the 

crest of the berm surrounding the surface impoundment.  The bottom ash staging area underwent 

modification in 1980, when the center dike was lengthened and raised, the outlet area was modified, and 

the northeast portion of the surface impoundment was deepened to allow for greater storage capacity.  

The berm to the north of the bottom ash staging area was reshaped and revegetated in 2010 to flatten the 

downstream slope and protect against erosion of the downstream berm slope and toe.  The reshaped 

downstream berm slope was specifically designed to yield a minimum static factor of safety equal to 1.5.  

Appendix A presents the relevant design information for the reshaping work1. 

Mixed-use land surrounds the west and south sides of the bottom ash staging area, and energy 

generation facility infrastructure and the Kansas River are situated to the east and north.  Tecumseh 

Creek lies at the toe of the berm on the west and north sides of the surface impoundment and discharges 

into the Kansas River approximately 700 feet downstream of the bottom ash staging area. 

                                                      
1 Reshaping from Sta. 0+50 to Sta. 3+00 is relevant for slope stability of the bottom ash staging area. 
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2.0 SUBSURFACE INVESTIGATION 

Three boreholes, TEC-3, TEC-4, and TEC-5, were completed on October 27, 2009, at the locations 

shown in Figure 1 to support a slope stability evaluation of the bottom ash staging area.  The borehole 

locations were designated by Golder and Westar in areas where site topography indicated a downstream 

berm slope height of 12 feet or more, generally around the south, west, and north sides of the bottom ash 

staging area.  The boreholes were drilled between the center and the downstream edge of the berm crest 

and were advanced with a truck-mounted Central Mine Equipment Company (CME) drill rig using 6-inch-

diameter hollow-stem continuous-flight augers.  Relatively undisturbed soil samples were collected from 

each borehole using 2-inch-diameter thin-walled tube samplers (Shelby tubes).  Soil strata were visually 

classified by a geotechnical engineer from Golder in accordance with the Unified Soil Classification 

System (USCS).  Berm stratigraphy was fairly consistent between the boreholes and generally consisted 

of gravel road surfacing underlain primarily by low-plasticity clay (CL), with some high-plasticity clay 

(CH)2, to the completed borehole depths.  The berm crest around the bottom ash staging area is at an 

approximate elevation of 885 feet above mean sea level, and the borehole depths ranged from 15 to 

25 feet.  Groundwater was not observed in any of the three boreholes.  Borehole logs with field and 

laboratory soil classifications are provided in Appendix B. 

Two additional boreholes, P-1 and P-2, were completed on March 23, 2010, at the locations shown in 

Figure 1.  Piezometers were installed in these boreholes to better define piezometric levels in the 

steepest portions of the berm on the north side of the bottom ash staging area.  The boreholes were 

drilled 16 to 22 feet from the upstream edge of the berm crest and were advanced with a truck-mounted 

CME drill rig using 6-inch-diameter hollow-stem continuous-flight augers.  A relatively undisturbed soil 

sample was collected from P-2 using a 2-inch-diameter thin-walled tube sampler (Shelby tube).  Soil 

strata were visually classified by a geotechnical engineer from Golder in accordance with the USCS.  

Berm stratigraphy was fairly consistent between the boreholes and generally consisted of gravel road 

surfacing underlain by CL to the completed borehole depths.  The borehole depth was approximately 

40 feet for both P-1 and P-2.  Borehole logs with field soil classifications are provided in Appendix B. 

The piezometers consisted of polyvinyl chloride (PVC) pipe, with the lowest 10 feet slotted to allow 

measurement of piezometric levels.  The annular space around the slotted PVC pipe was backfilled with 

granular material to create a filter pack.  A bentonite seal approximately 10 feet in height was placed in 

the annular space above the filter pack.  The remaining annular space was filled with cuttings, and a 

concrete pad was installed at the ground surface.  A lockable well cap was installed on each piezometer.  

The piezometers were registered with the Kansas Department of Health and Environment.  Groundwater 

elevations in the piezometers were recorded on August 30, 2010, approximately five months after 
                                                      
2 A single soil sample classified as CH by laboratory geotechnical testing.  The test results were on the 
borderline between CL and CH (liquid limit equal to 50), and the specimen was designated as CH in 
accordance with the USCS. 
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installation of the piezometers.  At that time, the groundwater level was measured at an elevation of 

859 feet above mean sea level in both P-1 and P-2.  The piezometers were subsequently abandoned. 

In 2016, additional subsurface investigation was conducted by others in the vicinity of the bottom ash 

staging area (Haley & Aldrich 2016).  The findings of this work are generally consistent with those from 

the subsurface investigation conducted by Golder in 2009 and 2010.  Based on a review of the findings, 

berm stratigraphy was fairly consistent between boreholes and generally consisted of CL and CH3.  The 

groundwater elevation measured in a piezometer installed in the berm on the north side of the bottom ash 

staging area as part of the 2016 subsurface investigation was 853.6 feet above mean sea level 

approximately one month after piezometer installation. 

                                                      
3 Classification was likely limited to field methods.  Haley & Aldrich (2016) does not indicate that 
laboratory geotechnical testing was conducted as part of the subsurface investigation. 
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3.0 SLOPE STABILITY EVALUATION 

3.1 Minimum Required Factors of Safety 

Under 40 CFR 257.73(e)(1), the computed minimum factors of safety for slope stability of the bottom ash 

staging area are required to meet or exceed the following minimum factors of safety: 

 1.50 for static loading under the long-term, maximum storage pool condition 

 1.40 for static loading under the maximum surcharge pool condition 

 1.00 for seismic loading under the seismic event with a two-percent probability of being 
exceeded in 50 years based on seismic hazard maps published by the United States 
Geological Survey (USGS), as stated in 40 CFR 257.53 

 1.20 for liquefaction factor of safety, if the berms are constructed of soils that are 
susceptible to liquefaction 

As described in Section 2.0, the berm around the bottom ash staging area consists primarily of CL soil.  

Based on laboratory geotechnical testing summarized in Appendix C, the liquid limit of soil samples 

collected at TEC ranged from 42 to 50.  The plasticity index of soil samples collected at TEC ranged from 

24 to 33.  The moisture contents of soil samples collected at TEC were approximately half of the liquid 

limit.  Soil materials having these characteristics are not susceptible to liquefaction (Bray et al. 2004).  

Therefore, the requirement to compute the liquefaction factor of safety does not apply to the bottom ash 

staging area at TEC. 

3.2 Cross Section 

Golder identified the critical cross section for slope stability through the berm surrounding the bottom ash 

staging area.  The location of the critical cross section is shown in Figure 1.  Golder selected the steepest 

portion of the berm as the critical cross section, since we observed subsurface conditions to be fairly 

consistent across the bottom ash staging area.  The location of the critical cross section is through the 

berm north of the bottom ash staging area, which has an overall downstream slope as steep as 

1.73 horizontal to 1 vertical based on survey information from the reshaping and revegetation work in 

2010.  Riprap placed at the toe of the downstream slope in this location as part of the reshaping and 

revegetation work in 2010 is represented in the cross section (refer to Appendix A).  For purposes of the 

slope stability evaluation, we assumed that the bottom ash staging area was filled with bottom ash to an 

elevation of 880 feet above mean sea level (approximately 5 feet below the berm crest).  We assumed 

the depth of the surface impoundment to be approximately 20 feet (i.e., bottom elevation of approximately 

865 feet above mean sea level) based on site observations and conservatively assumed an upstream 

berm slope of 0.5 horizontal to 1 vertical.  Tecumseh Creek on the north and west sides of the facility has 

a bottom elevation of approximately 846 feet above mean sea level.  The base of the cross section is at 

an elevation of 842 feet above mean sea level, which corresponds with the top of the underlying shale 

layer (Haley & Aldrich 2016). 
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For the maximum storage pool condition, the water level in the surface impoundment was taken as the 

elevation of the outlet weir, which is 880 feet above mean sea level (approximately 5 feet below the berm 

crest).  For the maximum surcharge pool condition, the water level was conservatively assumed to be at 

the berm crest elevation, which is approximately 885 feet above mean sea level. 

3.3 Engineering Parameters 

Golder collected relatively undisturbed soil samples from most of the boreholes described in Section 2.0 

for laboratory geotechnical testing to determine engineering parameters for use in the slope stability 

evaluation.  The laboratory geotechnical test results are presented in Appendix C. 

Soil materials composing the berm were considered to be uniform based on the similarities in field soil 

classifications and laboratory geotechnical test data.  Golder assigned a moist unit weight of 125 pounds 

per cubic foot (pcf) to the soil material based on the average value derived from density and moisture 

content testing of undisturbed soil samples collected at TEC.  For static slope stability analyses, Golder 

assigned effective stress (drained) Mohr-Coulomb strength parameters to the soil material based on the 

results of consolidated-undrained triaxial testing (with pore pressure measurement) of TEC-4 Sample 2, 

an undisturbed sample collected at TEC4: 

 Effective friction angle = 29 degrees 

 Effective cohesion = 180 pounds per square foot (psf) 

For the seismic slope stability analysis, Golder assigned a vertical stress ratio (ratio of undrained strength 

to initial vertical effective stress) of 0.38 to the soil material based on the results of 

consolidated-undrained triaxial testing of TEC-4 Sample 2, an undisturbed soil sample collected at TEC, 

with a 20-percent strength reduction applied as recommended by Makdisi and Seed (1977)5.  A minimum 

undrained shear strength of 1,000 psf was applied based on the description of the soil as “stiff” or “very 

stiff” on the borehole logs provided in Appendix B6 (Terzaghi and Peck 1967). 

Golder assigned a moist unit weight of 130 pcf and an effective friction angle of 45 degrees to riprap 

based on experience with similar materials.  No effective cohesion was assumed.  Because excess pore 

                                                      
4 Golder considers these strength parameters to be conservative for soil materials near the surface of the 
downstream berm slope, since these materials were placed and compacted as structural fill as part of the 
reshaping and revegetation work in 2010.  The compactive effort would be expected to increase the 
strength of the materials relative to the strength of undisturbed specimens. 
5 The vertical stress ratios for the individual specimens tested were 0.59 for Specimen A, 0.48 for 
Specimen B, and 0.48 for Specimen C. 
6 The assumed minimum undrained shear strength is lower than the compressive strengths indicated by 
pocket penetrometer testing conducted on relatively undisturbed samples in the field, as shown on the 
borehole logs provided in Appendix B. 
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pressures are not expected to develop during shearing of riprap, drained conditions were assumed for 

static and seismic slope stability analyses. 

Golder assigned a moist unit weight of 85 pcf to bottom ash within the surface impoundment based on 

experience with similar materials.  Golder conservatively assumed that the bottom ash within the surface 

impoundment contributes no strength. 

The engineering parameters assigned to soil materials and bottom ash are summarized in Table 1. 

Table 1:  Summary of Slope Stability Evaluation Engineering Parameters 

Material 
Moist Unit 
Weight 

Drained Strength Parameters Undrained Strength Parameters 

Effective 
Friction Angle 

Effective 
Cohesion 

Vertical Stress 
Ratio 

Minimum 
Shear Strength

Soil 125 pcf 29 degrees 180 psf 0.38 1,000 psf 

Riprap 130 pcf 45 degrees 0 psf Not applicable 

Bottom ash 85 pcf No strength 

3.4 Groundwater 

Groundwater was observed at an elevation of 859 feet above mean sea level in P-1 and P-2 

approximately five months after installation of the piezometers.  Golder conservatively assumed the 

phreatic surface to consist of two segments: 

 A straight line between the modeled water level in the surface impoundment and the 
observed groundwater level in P-2 at a horizontal distance of 16 feet from the upstream 
edge of the berm crest. 

 A straight line from the observed groundwater level in P-2 at a horizontal distance of 
16 feet from the upstream edge of the berm crest to the observed flow depth in 
Tecumseh Creek at the interface of the riprap and the native soil near the berm toe. 

On September 2, 2010, a test hole was excavated approximately 30 feet upslope from the berm toe near 

the location of the critical cross section.  Groundwater was encountered at an elevation of 851 feet above 

mean sea level, which is in agreement with the assumed phreatic surface. 

3.5 Stability Analyses 

Golder performed stability analyses using Slide, a two-dimensional slope stability computer program 

developed by Rocscience (2016).  Factors of safety were computed for circular slip surfaces using 

Spencer’s method for force and moment equilibrium.  For the seismic analysis, Golder used a seismic 

coefficient of 0.03, which is half of the peak ground acceleration (PGA) with a two-percent chance of 

exceedance in 50 years (United States Environmental Protection Agency 1995).  The PGA with a 



August 2016  7 1657212

 

 

i:\16\1657212\0400\tec stabeval_fnl-23aug16\1657212 tec stabilityevalrpt_fnl-23aug16.docx  

two-percent chance of exceedance in 50 years at the site was taken from the seismic hazard map 

provided in Appendix D, as published by USGS (2014).   

The slip surface with the minimum computed factor of safety for static loading under the maximum 

storage pool condition is shown in Figure 2.  The slip surface with the minimum computed factor of safety 

for static loading under the maximum surcharge pool condition is shown in Figure 3.  The slip surface with 

the minimum computed factor of safety for seismic loading is shown in Figure 4.  The computed minimum 

factors of safety for static and seismic slope stability analyses are summarized and compared with the 

minimum required factors of safety in Table 2.  In each case, the computed minimum factor of safety 

meets or exceeds the minimum required factor of safety. 

Table 2:  Summary of Slope Stability Evaluation Results 

Loading Condition 
Computed Minimum Factor 
of Safety 

Minimum Required Factor of 
Safety 

Static, long-term maximum storage 
pool 1.51 1.50 

 
Static, maximum surcharge pool 1.51 1.40 

 
Seismic 1.38 1.00 
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4.0 CLOSING 

This report summarizes the results of Golder’s slope stability evaluation of the bottom ash staging area at 

TEC.  The computed minimum factors of safety resulting from Golder’s slope stability evaluation meet or 

exceed the minimum required factors of safety specified in 40 CFR 257.73(e)(1) for surface 

impoundments used in the management of CCRs.  This report serves as the initial safety factor 

assessment required under 40 CFR 257.73(e)(1) for the bottom ash staging area at TEC. 

GOLDER ASSOCIATES INC. 
 
 
 
 
Ron R. Jorgenson Jason E. Obermeyer, P.E. 
Principal and Senior Practice Leader Associate and Senior Engineer 
 
RRJ/JEO/dls 
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BERM RESHAPING DESIGN INFORMATION 
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APPENDIX B 

BOREHOLE LOGS 
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BOREHOLE LOG 

 
Temp: 50ºF Weather: Partly cloudy Engineer: J. Obermeyer Operator: J. Johnson Boring TEC-3 
Equipment: Truck-mounted CME drill rig Contractor: Terracon Consultants, Inc. Date 10/27/09 
Location Tecumseh Energy Center Northing 271,140 Easting 2,001,850 Job No. 093-81765.1 
 
 
Depth (ft)  

 
0 

Material Notes 

 0-1’  GRAVEL 
1-5’  Stiff to very stiff, brown to reddish-brown, SILTY 

CLAY, little sand, (CL) 

Road surface 
 
 
 
 
2” Shelby tube sample (Sample 1) from 3-5’ (26” recovered) 
Pocket penetrometer result: 3.75 tsf (5’) 

 
  

 
 

5 
 5-16’  Stiff, dark brown, CLAY, trace sand, (CH)  

 
 
 
 
 

 
  

 
 

10 
  

 
 

 
 
 
 
 
2” Shelby tube sample (Sample 2) from 13-15’ (16” recovered) 
Pocket penetrometer result: 2.75 tsf (15’) 

 
  

 
 

15 
  

16-25’  Stiff, brown, SILTY CLAY, little sand, (CL) 
 
 

 

 
 
 
 
 
 

   
  

 
 

20 
  

 
 
 

 
 
 
 
 
 

 
  

 
 

25 
  End of boring at 25’ 
 

  
 
 

30 
  

 
Sample Descriptions and Boring Notes Time Depth of Hole Depth to Waterline 

 Groundwater was not encountered. 
 Northing and easting are approximate (±25’).  Borehole 

location was approximately 125’ west of the bottom ash 
discharge point and 6’ from the upstream berm crest. 

   
   
   
   
   

Special Notes: 
Terracon personnel:  John Johnson, Brandon Hall 
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BOREHOLE LOG 

 
Temp: 50ºF Weather: Partly cloudy Engineer: J. Obermeyer Operator: J. Johnson Boring TEC-4 
Equipment: Truck-mounted CME drill rig Contractor: Terracon Consultants, Inc. Date 10/27/09 
Location Tecumseh Energy Center Northing 271,040 Easting 2,001,595 Job No. 093-81765.1 
 
 
Depth (ft)  

 
0 

Material Notes 

 0-1’  SAND with gravel and organics, black 
1-7’  Stiff to very stiff, brown to reddish-brown, SILTY 

CLAY, little sand, (CL) 

Road surface 
 
 
 
 
2” Shelby tube sample (Sample 1) from 3-5’ (12” recovered) 
Pocket penetrometer result: 3.75 tsf (5’) 

 
  

 
 

5 
  

 

7-12’  Stiff, reddish-brown to dark brown, SILTY CLAY, little 
sand, (CL) 

 
 
 
 
 
 

 
  

 
 

10 
  

 
 
12-25’  Stiff, brown to reddish-brown, SILTY CLAY, some 

sand, (CL to CH) 
 

 
 
 
 
 
2” Shelby tube sample (Sample 2) from 13-15’ (18” recovered) 
Pocket penetrometer result: 1.5 tsf (15’) 

 
  

 
 

15 
  

 

 

 
 
 
 
 
 

   
  

 
 

20 
  

 
 
 

 
 
 
 
 
 

 
  

 
 

25 
  End of boring at 25’ 
 

  
 
 

30 
  

 
Sample Descriptions and Boring Notes Time Depth of Hole Depth to Waterline 

 Groundwater was not encountered. 
 Northing and easting are approximate (±25’). 

   
   
   
   
   

Special Notes: 
Terracon personnel:  John Johnson, Brandon Hall 
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BOREHOLE LOG 

 
Temp: 50ºF Weather: Partly cloudy Engineer: J. Obermeyer Operator: J. Johnson Boring TEC-5 
Equipment: Truck-mounted CME drill rig Contractor: Terracon Consultants, Inc. Date 10/27/09 
Location Tecumseh Energy Center Northing 270,900 Easting 2,001,835 Job No. 093-81765.1 
 
 
Depth (ft)  

 
0 

Material Notes 

 0-1’  Dense, black, organic SAND, some gravel, (SP) 
1-5’  Very stiff, red to brown, SILTY CLAY, trace sand (CL 

to CH) 

Road surface 
 
 
 
 
2” Shelby tube sample (Sample 1) from 3-5’ (24” recovered) 
Pocket penetrometer result: 4.25 tsf (5’) 

 
  

 
 

5 
 5-15’  Stiff, dark brown to dark gray, SILTY CLAY, little 

sand, (CL) 
 
 
 
 
 
 

 
  

 
 

10 
  

 
 

 
 
 
 
 
2” Shelby tube sample (Sample 2) from 13-15’ (29” recovered) 
Pocket penetrometer result: 1.75 tsf (15’) 

 
  

 
 

15 
  

 

 

End of boring at 15’ 
 
 
 
 
 

   
  

 
 

20 
  

 
 
 

 
 
 
 
 

 
  

 
 

25 
   
 

  
 
 

30 
  

 
Sample Descriptions and Boring Notes Time Depth of Hole Depth to Waterline 

 Groundwater was not encountered. 
 Northing and easting are approximate (±25’).  Borehole 

location was approximately in the center of the berm. 

   
   
   
   
   

Special Notes: 
Terracon personnel:  John Johnson, Brandon Hall 
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BOREHOLE LOG 

 
Temp: 50ºF Weather: Sunny Engineer: J. Obermeyer Operator: J. Johnson Boring P-1 
Equipment: Truck-mounted CME-75 drill rig Contractor: Terracon Consultants, Inc. Date 3/23/10 
Location Tecumseh Energy Center Northing 271,148 Easting 2,001,808 Job No. 093-81765.1 
 
Depth (ft)  

 
0 

Material Notes 

 0-3’  Compact, gray, SILTY SAND, trace fines, (SM) 
 
 
 
3-6’  Stiff to very stiff, brown to reddish-brown, SANDY 

CLAY, (CL) 

Road surface 
 
 
 
Moisture content below optimum moisture content 
 
 

 
  

 
 

5 
  

6-11’  Stiff to very stiff, brown, SANDY CLAY, (CL) 

 
Moisture content near optimum moisture content 
 
 
 
 
 

 
  

 
 

10 
  

11-17’  Hard, reddish-brown, cemented, CLAY, (CL) 
 
 
 

 
Difficult drilling, dry 
 
 
 

 
  

 
 

15 
  

 
17-23’  Stiff, brown, SILTY CLAY, (CL) 

 

 
 
 
Moisture content dry of optimum moisture content 
 
 

 
  

 
 

20 
  

 
 

 
 
23-36’  Stiff, brown, SANDY CLAY, (CL) 

 
 
 
 
 

Moisture content increasing from optimum moisture content to 
saturated with depth 

 
  

  ▼ 
   

25 
   
 

  
 
 

30 
   

 
 

  

   

  1.6” diameter liner sample from 33-35’ (24” recovered) 

 
35 

  

   

 
 

36-40’  Firm, brown, SANDY CLAY, (CL) Saturated 

   

   

 
40 

 End of boring at 40’ 
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Sample Descriptions and Boring Notes Time Depth of Hole Depth to Waterline 

 Groundwater was measured at a depth of 23.5’ approximately 
2 hours after drilling was completed. 

 Northing and easting are approximate (±10’).  Borehole 
location was approximately 22’ from the upstream berm crest.  
Surface elevation is approximately 885’. 

15:30 40’ 23.5’ 
   
   

Terracon personnel:  John (driller), Rick (helper) 
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BOREHOLE LOG 

 
Temp: 50ºF Weather: Sunny Engineer: J. Obermeyer Operator: J. Johnson Boring P-2 
Equipment: Truck-mounted CME-75 drill rig Contractor: Terracon Consultants, Inc. Date 3/23/10 
Location Tecumseh Energy Center Northing 271,162 Easting 2,001,923 Job No. 093-81765.1 
 
Depth (ft)  

 
0 

Material Notes 

 0-2.5’  Compact, gray, SILTY SAND, trace fines, (SM) 
 
 
2.5-5’  Stiff to very stiff, brown to reddish-brown, SANDY 

CLAY, (CL) 

Road surface 
 
 
 
 
 

 
  

 
 

5 
 5-10’  Stiff to very stiff, brown, SANDY CLAY, (CL) Moisture content slightly below optimum moisture content 

 
 
 
 
 
 

 
  

 
 

10 
 10-12.5’  Stiff to very stiff, gray, SANDY CLAY, (CL) 

 
 
12.5-18’  Very stiff, brown, CLAY, (CL) 
 

 
 
 
 
Moisture content slightly below optimum moisture content 
 

 
  

 
 

15 
  

 
 

18-33’  Stiff, brown, CLAY, (CL) 
 

 
 
 
 
Moisture content increasing, near optimum moisture content 

 
  

 
 

20 
  

 
 
 

 
 
 
 
 
 

 
  

 
  ▼ 

25 
   
 

  
 
 

30 
   

 
 

  

   

 33-39.5’  Firm, brown, CLAY, (CL) Moisture content above optimum moisture content 

 
35 

  

   

 
 

  

   

   

 
40 

 End of boring at 39.5’ 
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Sample Descriptions and Boring Notes Time Depth of Hole Depth to Waterline 

 Groundwater was measured at a depth of 24.5’ approximately 
5 hours after drilling was completed. 

 Northing and easting are approximate (±10’).  Borehole 
location was approximately 16’ from the upstream berm crest.  
Surface elevation is approximately 885’. 

15:00 39.5’ 24.5’ 
   
   

Terracon personnel:  John (driller), Rick (helper) 
 

 



 

 

APPENDIX C 

LABORATORY GEOTECHNICAL TEST RESULTS 
  



August 2016

EVALUATION OF BOTTOM ASH STAGING AREA SLOPE STABILITY
WESTAR ENERGY - TECUMSEH ENERGY CENTER

SUMMARY OF LABORATORY GEOTECHNICAL TEST RESULTS

 1657212

Borehole Sample Depth
USCS 

Classification
Dry Unit 
Weight

Moisture 
Content

Liquid 
Limit

Plasticity 
Limit

Plasticity 
Index

Effective 
Friction 
Angle

Effective 
Cohesion

TEC-3 2 13-15' CH 100 pcf 24% 50 17 33
TEC-4 2 13-15' CL 102 pcf 23% 42 18 24 29 deg 180 psf
TEC-5 1 3-5' CL 104 pcf 22% 48 18 30

P-1 1 33-35' CL 44 17 27

I:\16\1657212\0400\TEC StabEval_Dft‐25Jul16\App C\1_Summary Table.xlsxSheet1















ASTM D 4318

PROJECT NAME:

PROJECT NUMBER:

SAMPLE ID: 33-35
SAMPLE TYPE: Tube

SAMPLE PREPARATION

Wet or Dry Dry Minus #40 Sieve Yes

PLASTIC LIMIT DETERMINATION LIQUID LIMIT DETERMINATION

Number of Blows 34 18 27

Weight of Wet Soil & Tare (g) 24.38 23.64 25.25 26.69 27.60

Weight of Dry Soil & Tare (g) 23.15 22.34 21.78 22.67 24.02

Weight of Tare (g) 15.68 14.53 13.74 13.91 15.84

Weight of Water (g) 1.23 1.30 3.47 4.02 3.58

Weight of Dry Soil (g) 7.47 7.81 8.04 8.76 8.18

Water Content (%) 16.47 16.65 43.16 45.89 43.77

PLASTIC LIMIT (PL) LIQUID LIMIT (LL)

17 44

PLASTICITY INDEX (PI)

27

NOTE:

TECH PRH

DATE 4/8/10

REVIEW MB

ATTERBERG LIMITS

SAMPLE DEPTH (ft):P-1

Westar/TEC Ash Pond Stability/CO

093-81765.1
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APPENDIX D 

SEISMIC HAZARD MAP



Two-percent probability of exceedance in 50 years map of peak ground acceleration
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