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INTRODUCTION, SUMMARY, CONCLUSION AND RECOMMENDATIONS 

The release of over five million cubic yards of coal ash from the Tennessee Valley Authority’s 
Kingston, Tennessee facility in December 2008, which flooded more than 300 acres of land, 
damaging homes and property, is a wake-up call for diligence on coal combustion waste disposal 
units.  A first step to prevent such catastrophic failure and damage is to assess the stability and 
functionality of ash impoundments and other units, then quickly take any needed corrective 
measures. 

This assessment of the stability and functionality of the Plant Wansley fly ash management unit 
is based on a review of available documents and on the site assessment conducted by Dewberry 
personnel on June 30, 2010. We found the supporting technical information adequate (Section 
1.1.3). As detailed in Section 1.2.6 there are recommendations that may help to maintain a safe 
and trouble-free operation, 

In summary, the Wansley Plant ash pond is SATISFACTORY for continued safe and reliable 
operation, with no apparent existing or potential management unit safety deficiencies. 

PURPOSE AND SCOPE 

The U. S. Environmental Protection Agency (EPA) is investigating the potential for catastrophic 
failure of Coal Combustion Surface Impoundments (i.e. management unit) at electric utilities in 
an effort to protect lives and property from the consequences of a dam failure or the improper 
release of impoundment slurry. The EPA initiative is intended to identify conditions that may 
adversely affect the structural stability and functionality of a management unit and its appurtenant 
structures (if present); to note the extent of deterioration (if present); status of maintenance and/or 
a need for immediate repair; to evaluate conformity with current design and construction 
practices, and to determine the hazard potential classification for units not currently classified by 
the management unit owner or by a state or federal agency. The initiative  addresses power plant 
management units that have a  classification of Less-than-Low, Low, Significant or High Hazard 
Potential ranking. (For Classification, see pp. 3-8 of the 2004 Federal Guidelines for Dam Safety). 

In December 2009, the EPA sent letters to coal-fired electric utilities seeking information on the 
safety of surface impoundments and similar facilities that receive liquid-borne material that store 
or dispose of coal combustion waste. This letter was issued under the authority of the 
Comprehensive Environmental Response, Compensation and Liability Act (CERCLA) Section 
104(e), to assist the Agency in assessing the structural stability and functionality of such 
management units, including which facilities should be visited to perform a safety assessment of 
the berms, dikes, and dams used in the construction of these impoundments. 

EPA asked utility companies to identify all management units: surface impoundments or similar 
diked or bermed structures and landfills receiving liquid-borne materials that store or dispose of 
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coal-combustion residuals or by-products, including, but not limited to, fly ash, bottom ash, 
boiler slag, and flue gas emission control residuals. Utility companies responded with 
information on the size, design, age, and the amount of material placed in the units so that EPA 
could gauge which management units had, or potentially could rank as having, High Hazard 
Potential. The USEPA and its contractors used the following definitions for this study: 

“Surface Impoundment or impoundment means a facility or part of a facility which is a 
natural topographic depression, man-made excavation, or diked area formed primarily of 
earthen materials (although it may be lined with man-made materials), which is designed 
to hold an accumulation of liquid wastes or wastes containing free liquids, and which is 
not  an injection well. Examples of surface impoundments are holding, storage, settling 
and aeration pits, ponds, and lagoons.” 

For this study, the earthen materials could include coal combustion residuals. EPA did 
not provide an exclusion for small units based on whether the placement was temporary 
or permanent. Furthermore, the study covers not only waste units designated as surface 
impoundments, but also other units designated as landfills which receive free liquids. 

EPA is addressing any land-based units that receive fly ash, bottom ash, boiler slag, or 
flue gas emission control wastes along with free liquids. If the landfill is receiving coal 
combustion wastes with liquids limited to that for proper compaction, then there should 
not be free liquids present and the EPA did not seek information on such units which are 
appropriately designated a landfill. 

In some cases coal combustion wastes are separated from the water, and the water 
containing de minimum levels of fly ash, bottom ash, boiler slag, or flue gas emission 
control wastes are sent to an impoundment. EPA is including such impoundments in this 
study, because chemicals of concern may have leached from the solid coal combustion 
wastes into the waster waters, and the suspended solids from the coal combustion wastes 
remain. 

The purpose of this report is to evaluate the condition and potential of waste release from 
management units that have not been rated for hazard potential classification. A two-
person team reviewed the information submitted to EPA, reviewed any relevant publicly 
available information from state or federal agencies regarding the unit potential hazard 
classification (if any) and accepted information provided via telephone communication with a 
management unit representative.  

This evaluation included a site visit. EPA sent two engineers from Dewberry & Davis, including 
one licensed in the State of Georgia, for a one-day visit. The two-person team met with the 
owner of the management unit as well as several technical representatives and management unit 
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supervisors to discuss the engineering characteristics of the unit as part of the site visit. During 
the site visit the team collected additional information about the management unit to be used in 
determining the hazard potential classifications of the management unit(s). Subsequent to the site 
visit the management unit owner provided additional engineering data pertaining to the 
management unit(s).  

Factors considered in determining the hazard potential classification of the management unit(s) 
included the age and size of the impoundment, the quantity of coal combustion residuals or by-
products that were stored or disposed in these impoundments, its past operating history, and its 
geographic location relative to down gradient population centers and/or sensitive environmental 
systems. 

This report presents the opinion of the assessment team as to the potential of catastrophic failure 
and reports on the condition of the management units(s). The team considered criteria in 
evaluating the dams under the National Inventory of Dams in making these determinations. 

The assessment of dam safety reported herein is based on field observations and review of 
readily available information provided by the owner/operator of the subject coal combustion 
waste management unit(s). Qualified Dewberry engineering personnel performed the field 
observations and review and made the assessment in conformance with the required scope of 
work and in accordance with reasonable and acceptable engineering practices. No other 
warranty, either written or implied, is made with regard to our assessment of dam safety. 

LIMITATIONS 
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1.0 CONCLUSIONS AND RECOMMENDATIONS 
 

1.1 CONCLUSIONS 
 

Conclusions are based on visual observations from the one-day site visit and review of 
technical documentation provided by Georgia Power.  

 
1.1.1 Conclusions Regarding the Structural Soundness of the Management Unit(s) 
 

The structural stability of the Ash Pond embankments appears to be in satisfactory 

condition.  

1.1.2 Conclusions Regarding the Hydrologic/Hydraulic Safety of the Management 
Unit(s) 

 
 Adequate capacity and freeboard exist to safely pass the design storm. 
 
1.1.3 Conclusions Regarding the Adequacy of Supporting Technical Documentation 
  
 Supporting technical documentation was adequate. 
 
1.1.4 Conclusions Regarding the Description of the Management Unit(s) 
 
 Descriptions provided are appropriate. 

 
1.1.5 Conclusions Regarding the Field Observations 
 
 The emergency overflow concrete channel was cracking and showed a potential to 

be undermined in future rain events. This is not a safety issue at this time, but needs 
to be monitored. 

 
1.1.6 Conclusions Regarding the Adequacy of Maintenance and Methods of 

Operation 
 
 Maintenance and methods of operation are adequate. 
 
1.1.7 Conclusions Regarding the Adequacy of the Surveillance and Monitoring 

Program 
 
 Existing surveillance and monitoring programs are adequate. 
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1.1.8 Classification Regarding Suitability for Continued Safe and Reliable Operation  
 

 Facility is SATISFACTORY for continued safe and reliable operation.  A 
classification of “satisfactory” is appropriate when no existing or potential 
management unit safety deficiencies are recognized. Acceptable performance is 
expected under all applicable loading conditions (static, hydrologic, seismic) in 
accordance with the applicable criteria. Minor maintenance items may be required. 

 
1.2 RECOMMENDATIONS 

 
1.2.1 Recommendations Regarding the Structural Stability 
 
 Continue with the current maintenance and inspection programs set in place. 

 
1.2.2 Recommendations Regarding the Hydrologic/Hydraulic Safety 
 
 None appear warranted at this time. 
 
1.2.3 Recommendations Regarding the Supporting Technical Documentation 
  
 None appear warranted at this time. 
  
1.2.4 Recommendations Regarding the Description of the Management Unit(s) 
 
 None appear warranted at this time. 
 
1.2.5 Recommendations Regarding the Field Observations 
 
 None appear warranted at this time. 
 
1.2.6 Recommendations Regarding the Maintenance and Methods of Operation 
 
 None appear warranted at this time. 
 
1.2.7 Recommendations Regarding the Surveillance and Monitoring Program 
 
 Continue current program.  Begin monitoring erosion at concrete channel to avoid 

channel being undermined. Monitor cracking along the concrete channel. 
 
1.2.8 Recommendations Regarding Continued Safe and Reliable Operation  
  

None appear warranted at this time. 
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2.0 DESCRIPTION OF THE COAL COMBUSTION WASTE 
MANAGEMENT UNIT(S) 

 
2.1 LOCATION 

 
Plant Wansley’s ash pond facility is located just south of Carrollton, Georgia. The ash 
pond dike is approximately 0.5 miles from the Chattahoochee River. The Town of 
Centralhatchee is approximately 4 miles downstream of the ash pond embankments.  
Figure 2.1a depicts a vicinity map around Plant Wansley, while Figure 2.1b depicts an 
aerial view of Plant Wansley. 

 

 
Figure 2.1 a: Plant Wansley Vicinity Map 

  



FINAL 

Plant Wansley 2-2 
Georgia Power Coal Combustion Waste Impoundment 
Carrolton, Georgia Dam Assessment Report 

  
Figure 2.1 b: Plant Wansley Aerial View 

 
2.2 SIZE AND HAZARD CLASSIFICATION 

 
The ash pond is impounded by an earthen embankment system consisting of a dike 
(hereby referred to as the separation dike) that separates the pond from a large 
reservoir. A smaller dike (hereby referred to as the western dike) existing near the 
emergency spillway and outlet of the ash pond was also observed. Based on data 
provided by Georgia Power, the ash pond embankment system was constructed to a 
maximum height of 110 feet with a crest width of 35.4 feet, side slopes of 3(H):1(V) to 
2.5(H):1(V) and a length just under 3,000 feet.  The maximum storage volume 
corresponding to the top of the embankment is 16,920 acre-feet or 27,297,333 cubic 
yards (see Table 2.2b).  The water elevation ranges from 795 to 799’ and at 799’ there 
is approximately 1,001 acre-feet of storage remaining. The classification for size, based 
on the height of the dam and storage capacity, is Intermediate in accordance with the 
USACE Recommended Guidelines for Safety Inspection of Dams ER 1110-2-106 
criteria (see Table 2.2a for size classification criteria). 

 
Table 2.2a USACE ER 1110-2-106 

Size Classification 

Category 
Impoundment 

Storage (Ac-ft) Height (ft) 
Small              <   1,000                     <  40 
Intermediate             1,000  to  <  50,000                     40  to  < 100 
Large         > 50,000                     > 100 

Service Water Reservoir 
 

Ash Pond 

Plant Wansley 
Chattahoochee 
River 



FINAL 

Plant Wansley 2-3 
Georgia Power Coal Combustion Waste Impoundment 
Carrolton, Georgia Dam Assessment Report 

 
Table 2.2b: Summary of Dam Dimensions and Size 

 

  Ash Pond 
Dam Height (ft) 110 
Crest Width (ft) 35.4 
Length (ft) ≈3,000 
Side Slopes (upstream) H:V 3 to 2.5:1 
Side Slopes (downstream) H:V 3 to 2.5:1 
Hazard Classification Low 

 
The ash pond embankment system has been classified as a Category II dam by the 
Georgia Safe Dams Program (GSDP).  According to the GSDP classification system, 
“Category II means the classification where improper operation or dam failure would 
not result in probable loss of human life”.  Per the Federal Guidelines for Dam Safety 
dated April 2004, a low hazard potential classification applies to those dams where 
failure or misoperation results in no probable loss of human life and low economic 
and/or environmental losses.  Losses are principally limited to the owner’s property.  
Considering the low probability of loss of life as well as the low economic and/or 
environmental impacts, a Federal Hazard Classification of Low

 

 is appropriate for this 
facility (see Table 2.2c Federal Guidelines for Hazard Classification criteria). 

   * GSDP assigned a hazard classification of Low due to potential minimal economic loss 
due to failure. 

 
Table 2.2c FEMA Federal Guidelines for Dam Safety 

Hazard Classification 
Hazard Potential 
Classification Loss of Human Life 

Economic, Environmental, Lifeline 
Losses 

Low None Expected Low and generally limited to owner 
Significant None Expected Yes 
High Probable.  One or more 

expected 
Yes (but not necessary for this 
classification) 
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2.3 AMOUNT AND TYPE OF RESIDUALS CURRENTLY CONTAINED IN THE 
UNIT(S) AND MAXIMUM CAPACITY 

   
Per Georgia Power, the ash pond primarily contains fly ash, bottom ash, boiler slag, 
flue gas emission control residues, pyrites and other low volume waste.  Other materials 
that the pond may contain are ash sluice water, categorical low volume wastewater, 
coal pile storm water runoff and other storm water.  The drainage area for the ash pond 
is approximately 711 acres while the surface area of the pond is approximately 343 
acres.  The maximum design storage capacity is approximately 16,920 acre-feet or 
27,297,333 cubic yards. 
 

Table 2.3: Amount of Residuals and Maximum Capacity of 
Unit 

 

  Ash Pond 
Surface Area (acre) 343 
Current Storage Volume (acre-feet) 8,321 
Max. Design Storage Capacity (acre-
feet) 16,920 

 
 

2.4 PRINCIPAL PROJECT STRUCTURES 
 

2.4.1 Earth Embankment Dam 
 

The dam embankment generally consists of lean clays and silts obtained from 
borrow areas.  Some sandy material was found in the borrow areas, but was tested 
and reported to be satisfactory per the design standards. A plan view of the Ash 
Pond is depicted in Figure 2.4.1 a.  Figures 2.4.1 a and b reflect conditions of the 
Ash Pond, per the Design Drawings prepared in 1976 and 1973 respectively.  
Additional drawings of the ash pond are included within Appendix A (Doc 07: 
Plant Wansley Unit No. 1 Ash Pond.pdf, Doc 13: Ash Pond Construction Drawing, 
Doc 14: Separation Dam Plan View.pdf  and Doc 15: Ash Pond Overall).     
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Figure 2.4.1 a: Plant Wansley Unit No 1 – Ash Pond 

 

2.4.2  Outlet Structures 
 

The outlet works consist of a broad crested weir and an open channel emergency 
spillway. Due to circulation and re-use of sluice water, the plant regulates the ash 
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pond water surface elevation below the invert of the outlet works and has no record 
of the skimmer weir or the spillway ever being used.  During the design of the ash 
pond unit, some late changes were made to divert storm water flow away from the 
pond which eliminates a majority of the elevation fluctuation due to storm events. 
Once the skimmer weir elevation is breached the flow travels through a Corrugated 
Metal Pipe (CMP) to the downstream storm water pond. 
 
 

2.5 CRITICAL INFRASTRUCTURE WITHIN FIVE MILES DOWN GRADIENT 
 

All critical infrastructures were located using aerial photography and might not 
accurately represent what currently exists down-gradient of the site.  Figure 2.5 shows 
Plant Wansley and associated critical infrastructure, listed in Table 2.5. 

Figure 2.5: Plant Wansley Critical Infrastructure Map 
  



FINAL 

Plant Wansley 2-7 
Georgia Power Coal Combustion Waste Impoundment 
Carrolton, Georgia Dam Assessment Report 

 
Table 2.5: Plant Wansley Critical Infrastructure Within 5 Miles 

 

Schools Transportation Nursing Homes 
Central Hatchee Elementary 

School 
Martha Berry Hwy (US Hwy 

27) None 
315 Central Hatchee 

Parkway 
 

  
Franklin, GA 30217 

 
  

    Fire Stations 

  
 None 
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3.0 SUMMARY OF RELEVANT REPORTS, PERMITS AND INCIDENTS 
 

3.1 SUMMARY OF REPORTS ON THE SAFETY OF THE MANAGEMENT UNIT(S) 
 

Approximately thirteen (13) quarterly safety inspection reports were provided by 
Georgia Power dating back to 2005. Information pertaining to the separation dike of the 
most recent reports is summarized below. 

 
 Southern Company Generation 2009 Inspection Report for Plant Wansley Ash Pond 

Complex, REA # WN-08900, December 9, 2009 (Appendix A, Doc 1: 2009 4th Quarter 
Dam Safety Inspection Report): 

• The piezometers on the separation dike are generally registering within their 
historical ranges. Piezometer BB is registering an elevated water level and has 
generally followed the change in the ash pond elevation.  This piezometer was 
repaired after being damaged in 2008. 

Southern Company Generation 2009 Inspection Report for Plant Wansley Ash Pond 
Complex, REA # WN-08900, January 12, 2009 (Appendix A, Doc 3: 2008 4th Quarter 
Dam Safety Inspection Report): 

• It was noticed the piezometer BB had been broken off and buried during the recent 
gypsum storage facility construction activities. Water levels in the piezometer 
appear to be higher, but this may be caused by inspectors using a different reference 
point to measure the water levels with the pipe being broken off. Plant personnel are 
inspecting and will advise Hydro Services. 

• Current Recommendations: Cracks in concrete lined ditches should be cleaned out 
and caulked. Pending completion - open. 

• Status of Previous Recommendations: Upstream and Downstream slopes - 
Localized erosion rills/gullies need to be repaired to mitigate further erosion. Fixed 
– closed. 

• Status of Previous Recommendations: Runoff erosion at crest of upstream slope 
repaired. Closed. 

 
Southern Company Generation 2008 Inspection Report for Plant Wansley Ash Pond 
Complex, REA # WN-08900, September 9, 2008 (Appendix A, Doc 4: 2008 3rd Quarter 
Dam Safety Inspection Report): 

• The piezometers are registering in their historic ranges. They exhibit a muted 
relationship to the storage pond elevation, but little relationship to the ash pond 
elevation. 

• Current Recommendations: Upstream and Downstream slopes - Localized erosion 
rills/gullies need to be repaired to mitigate further erosion 
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• Status of Previous Recommendations: Runoff erosion at crest of upstream slope 
repaired. Pending completion - open. 

Southern Company Generation 2008 Inspection Report for Plant Wansley Ash Pond 
Complex, REA # WN-08900, May 28, 2008 (Appendix A, Doc 5: 2008 1st Quarter 
Dam Safety Inspection Report): 

• The piezometers are registering in their historic ranges. They exhibit a muted 
relationship to the storage pond elevation, but little relationship to the ash pond 
elevation. 

• Current Recommendations: Upstream and Downstream slopes - Localized erosion 
rills/gullies need to be repaired to mitigate further erosion 

• Status of Previous Recommendations: Runoff erosion at crest of upstream slope 
repaired. Pending completion - open. 

 
3.2 SUMMARY OF LOCAL, STATE AND FEDERAL ENVIRONMENTAL PERMITS 

 
 The ash pond facility is under regulation by the Georgia Department of Natural 

Resources (GDNR), Environmental Protection Division Safe Dams Program 
(EPDSDP).  The discharges of the ash pond are permitted under the Federal National 
Pollutant Discharge Elimination Program. (NPDES Permit # GA0026778) 

 
3.3 SUMMARY OF SPILL/RELEASE INCIDENTS (IF ANY) 

 
 No spills or releases from the Ash Pond facilities have been noted by Georgia Power 

for this site. 
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4.0 SUMMARY OF HISTORY OF CONSTRUCTION AND OPERATION 
 

4.1 SUMMARY OF CONSTRUCTION HISTORY 
 

4.1.1 Original Construction 
 
 Construction was started on the ash pond separation dike in 1973.  The original 

designer for the ash pond management unit was Southern Services, Inc. Plant 
Wansley has disposed of coal combustion by-products (ash) in one main storage 
impoundment since 1976. The Plant Wansley ash pond was commissioned in 1975. 
 
The dam assessor did not meet with, or receive information from, the design 
engineer of record regarding foundation preparation for the ash pond.  However, the 
dam assessor did receive documentation from Georgia Power regarding 
impoundment materials for the ash pond.  Information in the report from Georgia 
Power Company in May of 1975 and the Drawings for the ash pond (1973) provide 
documentation on the impoundment material (see Appendix A (Doc 06: Earth 
Embankment Report.pdf, Doc 13: Ash Pond Construction Dwg.pdf and Doc 08: 
Plant Wansley Separation Dam Stability Analysis, 1 of 3.pdf)).  These drawings 
include soil descriptions for the separation dike.  The dike was constructed over a 
core area that was undercut to weathered rock and then fill was compacted onto the 
inspected rock. 
 
Gypsum dewatering cells from drawings dated in 2007 were recently added on to 
the existing ash pond (see Appendix A (Doc 12: Gypsum Overall Plan View)).   

 
4.1.2 Significant Changes/Modifications in Design since Original Construction 

 
 No significant changes/modifications were noted for the Ash Pond before 2007. 
 
 Plans and specifications dated 2007 show new construction of gypsum dewatering 

cells that were installed on the existing ash pond facility. These dewatering cells 
were assumed to have been built to local codes and standards.  Upon visual 
observation of the four dikes for this facility, everything appeared to be well 
maintained. See Appendix A Doc 12: Gypsum Overall Plan View for a drawing of 
the dewatering cells.   
 

4.1.3 Significant Repairs/Rehabilitation since Original Construction 

 No significant repairs or rehabilitation had been noted other than typical 
maintenance items described in the quarterly reports. 
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4.2 SUMMARY OF OPERATIONAL HISTORY 
 
4.2.1 Original Operational Procedures 
  

The ash pond was designed and operated for reservoir sedimentation and sediment 
storage of fly ash, bottom ash and boiler slag.  Plant process waste water, coal 
combustion waste, coal pile stormwater runoff, and minimal stormwater runoff 
around the Ash Pond facility are pumped into the reservoir.  Inflow water is treated 
through gravity settling and deposition. The ash sluice water is re-circulated 
through the system by a combination of a gravity fed system and pumps.  

 
4.2.2  Significant Changes in Operational Procedures since Original Startup 
 
 No significant operating procedures for the ash pond have changed since the 

original start-up. 
  
4.2.3 Current Operational Procedures 
 

The ash pond was designed and operated for reservoir sedimentation and sediment 
storage of fly ash, bottom ash and boiler slag.  Plant process waste water, coal 
combustion waste, coal pile stormwater runoff, and minimal stormwater runoff 
around the Ash Pond facility are pumped into the reservoir.  Inflow water is treated 
through gravity settling and deposition. The ash sluice water is re-circulated 
through the system by a combination of a gravity fed system and pumps.  

 
4.2.4 Other Notable Events since Original Startup 
 
 No additional information was provided. 
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5.0 FIELD OBSERVATIONS 
 

5.1 PROJECT OVERVIEW AND ASSESSMENT 
 

Dewberry personnel Frederic Shmurak, PE and Justin Story, EI performed a site visit 
on Wednesday, June 30, 2010.  The site visit began at 8:00 AM.  Weather was  hot and 
cloudy.  The overall visual assessment of the Ash Pond was that it is in satisfactory 
condition and no significant findings were noted.  Coal Combustion Dam Inspection 
Checklists created on June 30, 2030, by the two engineers for the Plant Wansley Ash 
Pond are provided in Appendix B, Doc 1: 2010.06.28 – Ash Pond Checklist.  
Photographs from the site visit are provided in Appendix B, Doc 4: Photographs. 

 
5.2 EARTH EMBANKMENT DAM 

 
5.2.1 Crest 
 
 The crest was covered by graded aggregate base material and had no signs of any 

rutting, depressions, tension cracks or other indications of settlement or shear 
failure, and appeared to be in satisfactory condition. 

   
5.2.2 Upstream Slope 
 
 The upstream slope of the separation dike is mostly lined with rip rap and stone.  

Scarps, sloughs, depressions, bulging or other indications of slope instability or 
signs of erosion were not observed.  

  
 Figure 5.2.2a: Crest and Upstream Slope of ash pond’s separation dike. 
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The upstream slope of the western dike is mostly lined with rip rap and stone.  
Scarps, sloughs, depressions, bulging or other indications of slope instability or 
signs of erosion were not observed.  
 

 
Figure 5.2.2b: Upstream side of western dike 

 
5.2.3 Downstream Slope and Toe 
 
 The downstream slope is mostly lined with rip rap and stone.  Scarps, sloughs, 

depressions, bulging or other indications of slope instability or signs of erosion 
were not observed. Gravel had been placed at a few locations along the 
embankment as some regular maintenance. The toe of this slope is below the 
normal pool of the cooling water pond; therefore, visual assessment of seepage 
could not be performed. 
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 Figure 5.2.3a: Crest and Downstream Slope of ash pond’s separation dike. 
 

  
Figure 5.2.3b: Gravel placed along downstream embankment which appeared to be 
routine maintenance 

 
  
 
 

  
 Figure 5.2.3c: Crest and Downstream Slope of ash pond’s western dike.  
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 5.2.4 Abutments and Groin Areas 
 
 The embankment consists of a raised dike system; therefore the earthen 

embankment does not abut existing hillsides, rock outcrops or other raised 
topographic features.  

 
5.3 OUTLET STRUCTURES 

 
5.3.1 Overflow Structure 
 
 The outlet structure was not in use; however, it visually appeared to be in good 

condition.  Due to circulation and re-use of sluice water, the plant regulates the ash 
pond water surface elevation below the invert of the outlet works and has no record 
of the skimmer weir or the spillway ever being used. 

 
5.3.2 Outlet Conduit 
 
 The spillway system was not in use at the time of the assessment; however, the 

visible portion of the outlet conduit had no apparent deterioration. 
 
5.3.3 Emergency Spillway (If Present) 
 
 The emergency overflow spillway visually appeared to be in good condition. 

 
5.3.4 Low Level Outlet 
 
 No low level outlet is present. 
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6.0 HYDROLOGIC/HYDRAULIC SAFETY 
 

6.1 SUPPORTING TECHNICAL DOCUMENTATION 
 
6.1.1 Floods of Record 
 
 No flood of record analysis was provided; however, design flow analyses described 

below indicate there would be no overtopping during floods.  This is supported by 
the fact that the dikes were not reported to have been overtopped  during past 
hurricanes, tropical storms and depressions. 

  
6.1.2 Inflow Design Flood 
 
 According to FEMA Federal Guidelines for Dam Safety, current practice in the 

design of dams is to use the Inflow Design Flood (IDF) that is deemed appropriate 
for the hazard potential of the dam and reservoir, and to design spillways and outlet 
works that are capable of safely accommodating the flood flow without risking the 
loss of the dam or endangering areas downstream from the dam to flows greater 
than the inflow.  The recommended IDF or spillway design flood for a significant 
hazard intermediate sized structure (See section 2.2), in accordance with the 
USACE Recommended Guidelines for Safety Inspection of Dams ER 1110-2-106 
criteria is the 100-yr  to ½ PMF (See Table 6.1.2).  

 
Table 6.1.2: USACE Hydrologic Evaluation Guidelines 

Recommended Spillway Design floods 
Hazard Size Spillway Design Flood 

Low 
Small 50 to 100-yr frequency 
Intermediate 100-yr to ½ PMF 
Large ½ PMF to PMF 

Significant 
Small 100-yr to ½ PMF 
Intermediate ½ PMF to PMF 
Large PMF 

High 
Small ½ PMF to PMF 
Intermediate PMF 
Large PMF 
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The Probable Maximum Precipitation (PMP) is defined by American 
Meteorological Society as the theoretically greatest depth of precipitation for a 
given duration that is physically possible over a particular drainage area at a certain 
time of year.  The National Weather Service (NWS) further states that in 
consideration of our limited knowledge of the complicated processes and 
interrelationships in storms, PMP values are identified as estimates.  The NWS has 
published application procedures that can be used with PMP estimates to develop 
spatial and temporal characteristics of a Probable Maximum Storm (PMS).  A PMS 
thus developed can be used with a precipitation-runoff simulation model to 
calculate a probable maximum flood (PMF) hydrograph.   

 
 In a stormwater capacity report provided by Southern Company (See Appendix A, 

Doc 19: Stormwater Capacity.pdf) the authors determined the Wansley Ash Pond 
can handle the following: 

 
“ A 24 hour rainfall runoff of : 1) 16.9 inches of rainfall runoff, which is 2.13 times 
the 100 year storm, at the level of the emergency spillway crest, and 2) 23.5 inches 
of rain which is 2.96 times the 100 year storm, at a level one foot below the crest of 
the dike.” 

 
 The Ash Pond is designed to safely pass the design storm corresponding to the ½ 

PMP and is therefore in compliance with recommended federal guidelines. The 6-
hour, 10 square mile PMP is 30.5 inches. Adequate freeboard exists to store the ½ 
PMP event. 

  
6.1.3 Spillway Rating 
 
 No spillway rating was provided.  The outlet structure type is unregulated and given 

little change in the normal pool elevation the resulting discharge rate is expected to 
be relatively constant. 

 
6.1.4 Downstream Flood Analysis 
 
 No downstream flood analysis was provided.  

 
6.2 ADEQUACY OF SUPPORTING TECHNICAL DOCUMENTATION 

 
 Supporting technical documentation provided is sufficient. 
  
  
6.3 ASSESSMENT OF HYDROLOGIC/HYDRAULIC SAFETY 

   
 Adequate capacity and freeboard exists to safely pass the design storm. 
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7.0 STRUCTURAL STABILITY 
 

7.1 SUPPORTING TECHNICAL DOCUMENTATION 
 

7.1.1 Stability Analyses and Load Cases Analyzed 
 
 A stability analysis report for the Fly Ash Pond, prepared in 1973, by Southern 

Services, Inc., with Geotechnical Testing performed by Law Engineering Testing 
Company, provides information on the stability analysis results and is presented in 
Section 7.1.4 Factors of Safety and Base Stresses. Drawings provided by Georgia 
Power dated 1973 also contains the critical data for the slop stability analysis.  Both 
steady state (normal) loading and drawdown loading conditions were analyzed.  See 
Appendix A (Doc 08: Separation Dike Analysis (1 of 3).pdf) for the drawing.   

 
7.1.2 Design Properties and Parameters of Materials 
  
 Construction drawings for Plant Wansley’s separation dike were prepared by the 

Georgia Power in conjunction with Southern Services, Inc. from 1973.  The 
drawings include documentation of the shear strength design properties for the Fly 
Ash Pond, which is included in this report and is presented in the following section; 
see Appendix A (Doc 08: Separation Dike Analysis (1 of 3).pdf) for the drawing.   
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Design Shear Strength 
 
The following items were noted on the Separation Dike Stability Analysis drawings: 
 
• Safety factors shown are the minimum for each condition. Complete computer 

results available from Southern Services, Inc. 
• Safety factors do not include benefit from deposit of ash. 
• Soil characteristics from Law Engineering and Testing Co. through Georgia 

Power. 
• Materials recommended by LETCO for embankment fills are: a. Fine to medium 

sandy silt (west borrow); b. stiff to hard fine to medium sandy micaeous silt 
(north borrow); partially weathered rock (LETCO report No. 40 1972). 

• Embankment fills shall be compacted to at least secure the design strength 
characteristics used in the analysis of slopes. Field control should ensure the 
design strength of the materials used in the design. 

 
The above referenced document is provided in Appendix A (Doc 08: Separation 
Dike Analysis (1 of 3).pdf).  
 
A more recent study was performed in the 2010 and the results are found below.  
The soil weight and strength parameters used in the study are consistent with soils 
found in the Piedmont geological province.  For the complete report see Appendix 
A, Doc 17: Slope Stability Analysis.pdf.  There is no evidence that the dikes were 
built of or upon wet ash, slab, or other unsuitable materials. 
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7.1.3 Uplift and/or Phreatic Surface Assumptions 
 
 The 1973 Separation Dike Stability Analysis drawings, prepared by Georgia Power 

and Southern Services, Inc., provides information on the phreatic surface as shown 
in Figure 7.1.3A and the drawings can be found in Appendix A (Doc 08: Separation 
Dike Analysis (1of3).pdf). A 2010 slope stability analysis was provided that shows 
the phreatic surface  profiles (See Figure 7.1.3B through D).  For the complete 
report and drawings showing the phreatic surfaces see Appendix A, Doc 17: Slope 
Stability Analysis.pdf.    Piezometric readings indicate that the phreatic surface has 
overall been stable and is consistent with the assumptions made in the slope 
stability models. 

 
“The most recent levels for each pond along with the piezometer readings are 
summarized in the table below.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7.1.3a: Historic Piezometer Readings 
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Figure 7.1.3b: Phreatic Surface Profile (Steady State) 
 
The locations of the piezometers are depicted in Figure 9.2.1, within the 
Instrumentation Plan Section.  (See Appendix A Doc 1 through 5 for inspection 
reports showing historical piezometer data). Piezometer BB was damaged in 2008 
and Georgia Power stated it was recently repaired.  
 
The piezometer reading information generally indicates a steady and consistent 
trend. There appears to be a major drop in piezometer DD reading in 2004 which is 
unexplained.   
 
The increased elevated readings of piezometer BB starting in 2008 were potentially 
caused from measurements being made from different reference points when the top 
of the pipe was broken off. 
 
Internal drainage collection and discharge piping was not located by the dam 
assessors during the visual site inspection.  However, Georgia Power provided 
documentation on internal drainage collection (drainage blankets) and discharge 
piping. See Appendix C (Doc 07: Ash Pond Profile.pdf) for the drawing. 
 

7.1.4 Factors of Safety and Base Stresses 
 
 A stability analysis drawing for the separation dike prepared in 1973, by Georgia 

Power, with Southern Services, Inc. provides information on the factors of safety 
and is presented below.  See Appendix A (Doc 08: Separation Dike Analysis 
(1of3).pdf) for the complete report.   
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The results of the stability analysis are summarized in the drawings below.  The 
stability analyses were performed on the downstream slope of the separation dike, 
however, no information was provided for the western dike.  
 
The safety factors presented in the drawings (Steady State = 1.56;  Drawdown = 
1.27) show that the slopes of the fly ash facility at Plant Wansley have satisfactory 
safety factors under static and drawdown conditions.   

 

 
Figure 7.1.4a: Steady Seepage Profile 
 

 
Figure 7.1.4b: Drawdown Profile 
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 A slope stability analysis was performed in 2010 and the results are below. For the 
complete report please see Appendix A, Doc 17: Slope Stability Analysis.pdf. 
 
Table 7.1.4: Factors of Safety 

 
 
Based on the results of the analyses presented in this report, all the dams and dikes 
that form the fly ash disposal facility at Plant Wansley were found to have stability 
safety factors at or above the minimum recommended values.  Slope stability 
analysis were provided for the western dike (Appendix A, Doc 20: Slope Stability 
Analyses of the West Dike.pdf) on October 28, 2010 which yielded similar stability 
factors at or above the minimum recommended values. 
 
On this basis, it is believed that the facility is performing as intended in its design.  
Routine maintenance and inspections should continue to enable the facility to 
perform as found in this evaluation.   

 
7.1.5 Liquefaction Potential 
 
 A 2010 study was provided that showed the soils have a factor of safety of 1.4 

against liquefaction. It was stated that from liquefaction potential analysis, that “the 
separation dike soils are not subject to appreciable strength loss due to earthquake 
shaking.” (See Appendix A, Doc 18: Liquefaction Potential.pdf). 

 
 A separate soil report stated the fill material came from native borrow sites and the 

typical soil in the surrounding area does not have liquefaction problems.   
 

Original foundation soil conditions do not appear susceptible to support 
liquefaction.  
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7.1.6 Critical Geological Conditions and Seismicity 
 

No critical geological conditions were noted. 
 
An engineering report for Plant Wansley titled “Earth Embankments Final Report 
and Appendices” references the geological conditions of the site as follows:  
 
“ The site geology and soil profile are typical of much of the Southeastern 
Piedmont. The plant area and embankments are within the Brevard Zone which is 
a pronounced geological lineament of deformed rocks extending from Alabama 
northeastward into North Carolina. The rocks at the site are biotite gneiss and 
schists, typically striking northeast with a southeast dip. Where sound and 
unweathered, they are highly competent, but because of the pronounced foliation, 
they break into flat particles when excavated and crushed. However, this 
characteristic is not sufficiently detrimental to prevent the rock from being 
entirely adequate for riprap, bedding material, sub-ballast, and road base. It was 
not used for concrete aggregate.  
  Upland soils throughout the site are residual from in-place 
weathering of underlying parent rock. These soils were used in the construction of 
dikes and dams, and are generally sandy, micaceous, silts and silty, micaceous, 
fine sand. The upper layer, however, was more clayey because of advanced 
weathering of the minerals, and is generally described as red-brown, sandy, silty, 
clay, sandy, clayey silts.  
  In the valleys of streams and smaller drainages features, alluvial 
soils cover the valley floors. These are primarily silts and fine sands, with pockets 
of soft, organic much soils which required removal before placing embankment. 
They were not used for embankment fills.” 
 
See Appendix A (Doc 06: Earth Embankment Report.pdf) for the complete 
document.         

 
Based on USGS Seismic-Hazard Maps for the Conterminous United States, dated 
2005, the facility is located in an area anticipated to experience a 0.10g 
acceleration with a 2-percent probability of exceedance in 50-years.  

 
7.2 ADEQUACY OF SUPPORTING TECHNICAL DOCUMENTATION 

 
Structural stability documentation is adequate. 

  
7.3 ASSESSMENT OF STRUCTURAL STABILITY 
 

The structural stability of the ash pond appears to be satisfactory. 
 

Based on the previous assessment reports/inspections provided by Georgia Power, 
this assessment of the ash pond is generally consistent with historical 
observations. 
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8.0 MAINTENANCE AND METHODS OF OPERATION 
 

8.1 OPERATIONAL PROCEDURES 
 

Operational procedures are adequate.  The facility is operated for reservoir 
sedimentation and sediment storage; specifically, fly ash, bottom ash, pyrites, boiler 
slag and flue emission control residuals.  Coal combustion process waste water and 
stormwater runoff from the facility are discharged into the reservoir, inflow water is 
treated through gravity settling and deposition. The sluice water is re-circulated through 
the plant. 

 
8.2 MAINTENANCE OF THE DAM AND PROJECT FACILITIES 

 
 Maintenance procedures are adequate.  Grassed areas are routinely mowed and 

vegetation is removed from the rip-rap slopes.  Spillways and outlets are maintained 
and debris is removed as needed.  Deficiencies as noted in the surveillance & 
monitoring program are corrected and documented. 

 
8.3 ASSESSMENT OF MAINTENANCE AND METHODS OF OPERATION 

 
8.3.1 Adequacy of Operational Procedures 
 

  Operational procedures are adequate.   
 

8.3.2 Adequacy of Maintenance 
  

 The maintenance program is adequate. 
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9.0 SURVEILLANCE AND MONITORING PROGRAM 
 

9.1 SURVEILLANCE PROCEDURES 
 

Georgia Power stated they have daily, weekly, monthly, and quarterly inspections for the 
ash pond.  Only documentation was provided on the quarterly inspections. 

 
  Quarterly Inspections: 
 

A quarterly inspection is conducted by plant personnel and at least one representative of 
Hydro Services. See Appendix A (Doc 01 through Doc 05) for copies of the 2008 & 
2009 quarterly inspection reports. 
 

9.2 INSTRUMENTATION MONITORING 
 

9.2.1 Instrumentation Plan 
 
 The following data is based on inspection reports provided by Georgia Power: 
 
 An instrumentation plan was not provided, however piezometers have been 

installed to collect instrumental data.  The peizometers are located at the south end 
at the crest of the separation dike. For piezometer readings, a water level indicator 
probe is used, which is lowered within the monitoring well until water is reached, 
and the distance is recorded.  Profiles of the monitoring wells and piezometers are 
depicted in Figure 9.2.1.  Please refer to Appendix A (Doc 11: Separation Dike 
Profiles.pdf) for piezometer profile drawings. 
 

9.2.2Instrumentation Monitoring Results 
 

Instrumentation monitoring data has been provided and is discussed in Section 7.1.3 
Uplift and/or Phreatic Surface Assumptions. 
 

9.2.3Evaluation 
 
 The historical data indicates that the embankment dams are performing adequately. 
 

9.3 ASSESSMENT OF SURVEILLANCE AND MONITORING PROGRAM 
 
9.3.1 Adequacy of Inspection Program 
 
 Inspection program is adequate. 
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9.3.2Adequacy of Instrumentation Monitoring Program 
 
 The surveillance and monitoring programs should include additional monitoring of 

the emergency overflow spillway.  As indicated previously, the overflow spillway is 
not in use; however, minor cracking is occurring and the potential for water to 
undermine the spillway slab exists.   

 

 

 

 

 

 

 

 

 

Figure 9.2.1a: Separation Dam Cross Section 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

Figure 9.2.1b: Separation Dam Cross Section 
 























































































































































































































































































































































































































































adamsbj
Text Box
CONFIDENTIAL BUSINESS INFORMATION
WAN-API 006



adamsbj
Text Box
CONFIDENTIAL BUSINESS INFORMATION
WAN-API 009



adamsbj
Text Box
CONFIDENTIAL BUSINESS INFORMATION
WAN-API 010



adamsbj
Text Box
CONFIDENTIAL BUSINESS INFORMATION
WAN-API 011







adamsbj
Text Box
CONFIDENTIAL BUSINESS INFORMATION
WAN-API 015



adamsbj
Text Box
CONFIDENTIAL BUSINESS INFORMATION
WAN-API 007



adamsbj
Text Box
CONFIDENTIAL BUSINESS INFORMATION
WAN-API 012



adamsbj
Text Box
CONFIDENTIAL BUSINESS INFORMATION
WAN-API 002



adamsbj
Text Box
CONFIDENTIAL BUSINESS INFORMATION
WAN-API 004



 

 

Calculation Number: 
TV-WN-ECS3201-001 

 
Project/Plant: 
Plant Wansley Ash Pond 

Unit(s):    
Units 1-2 

Discipline/Area: 
ES&EE 

Title/Subject: 
Slope Stability Analyses of Ash Pond Separation Dike 
Purpose/Objective: 
Analyze slope stability of Ash Pond Separation Dike  
System or Equipment Tag Numbers: 

NA 
Originator: 

Wayne Wang 
 

Topic   Page 

Attachments 
(Computer Printouts, Tech. Papers, Sketches, 

Correspondence) 
# of 

Pages
Purpose of Calculation 1 Attachment A – Figure 1 1 
Methodology 1 Attachment B – Boring Log 4 
Criteria & Assumptions 1 Attachment C – Soil Laboratory Analyses  8 
Summary of Conclusions 3 Attachment D – Historic Soil Laboratory Analyses 1 
Design Inputs/References 3   
Body of Calculation (print outs) 4 - 9   
    

Total # of pages including 
cover sheet & attachments: 30  

Rev. 
No. Description 

Originator 
Initial / Date 

Reviewer 
Initial / Date 

Approver 
Initial / Date 

0 Issued for Information WW/8-6-10 GHM/8-10-10 JCP/8-10-10 

     

     

     

Notes:   
 
 

 
 
 
 
 
 

Contents 

Revision Record   

Engineering and Construction Services Calculation 

Confidential Business Information

adamsbj
Text Box
WAN-API 075
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Rev. 0 
 CONFIDENTIAL BUSINESS INFORMATION    

1

Purpose of Calculation 
 
Plant Wansley has disposed of coal combustion by-products (ash) in one main storage 
impoundment since 1976. The Plant Wansley ash pond was commissioned in 1975. The 
separation dike (ash pond dike) was installed in 1975 between the ash pond and the downstream 
storage water pond.  The dike was constructed to a crest elevation of El. 805 with 2.3 (H):1(V) 
and 3 (H):1(V)  upstream and downstream slopes, intermediate berms at El. 775 and El. 745, and 
a maximum height of approximately 105 feet.  
 
The purpose of this calculation is to determine the stability of the separation dike of the Ash 
Pond. 

Methodology 
 
The calculation was performed using the following methods and software: 
 
GeoStudio 2007 (Version 7.16, Build 4840), Copyright 1991-2008, GEO-SLOPE International, 
Ltd. 
 
Bishop, Ordinary, Janbu, and Morgenstern-Price analytical methods were run.  Morgenstern-
Price was reported. 

Criteria and Assumptions 
 
The slope stability models were run using the following assumptions and design criteria: 

 
• According to the USGS earthquake acceleration probability maps for the vicinity of 

Plant Wansley, and “Pseudostatic Coefficient for Use in Simplified Seismic Slope 
Stability Evaluation”  published in Journal of Geotechnical and Geoenvironmental 
Engineering, ASCE  September 2009 by Jonathan Bray and Thaleia Travasarou, a 
seismic load of 0.15g was used in the analyses. 

• The current required minimum criteria (factors of safety) were taken from US Corps 
of Engineers Manual EM 1110-2-1902, October 2003 and the Georgia Department of 
Natural Resources, Environmental Protection, Rules for Dam Safety, Rule 391-3-8-09 
Standards for the Design and Evaluation of Dams. 

• The soil properties of unit weight, phi angle, and cohesion were obtained from triaxial 
shear testing performed on UD samples of the dike fill material obtained during 
drilling in July 2010 and from parameters used during the 1973 stability analysis 
indicated on Drawings H12396 - H12398. The triaxial shear testing was performed 
according to ASTM D 4767.  

• Properties for ash were based on laboratory testing performed on undisturbed and 
remolded samples of ash from various plants and on previous project experience. 

• The data obtained from piezometers BB and DD was used to provide phreatic data for 
the slope stability analysis for the separation dike.   

• The cross-section of the dike was obtained using the following sources: 
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1) Original design Drawing No. H12365 Section G-G.   
2) A boring conducted in July 2010. 
 

The following soil properties were used in the analyses: 
 

Internal Friction Angle Cohesion (psf) Internal Friction Angle Cohesion (psf)

Embankment Fill 102 123 32 140 29 400

Foundation Soil -- 112 37 0 24 80

Foundation (Gravel 
Filter) -- 130 40 0 40 0

Sluiced Ash -- 80 10 0 10 0

Rock -- 150 40 3000 40 3000

Effective Stress Parameters Total Stress Parameters
Dry Unit Weight (pcf) Moist Unit Weight 

(pcf)

 
 

As shown on drawing H-12398, the 1973 stability analysis used unconsolidated - undrained (UU) 
strength parameters of c = 700 psf and phi = 12° for the foundation soils under a steady state 
loading condition. The Law Engineering Testing Company Report dated April 3, 1972, reported 
results for a consolidated – undrained (CU) triaxial shear test performed on a foundation sample 
from Boring 8.12, sample depth of 14 ft to 16 ft, or approximate Elev. 696. The total and 
effective parameters from this test were used in this 2010 analysis. 
 
The following hydraulic information was used in the analyses: 

 

Elevation (ft) Min. Pool Normal Pool Max. Pool

Ash Pond -- 795 802.6

Storage Pond 725 780 --
 

 
Based on Georgia Power’s (GP) Land Department Drawing M-187-6, Plant Wansley Ash Pond – 
August 2005 Survey, the top elevation of the ash in the impoundment is approximately El. 765. 
The normal pool is El. 795. The maximum surcharge pool is El. 802.6 which corresponds to the 
crest elevation of the emergency spillway. According to the Plant Wansley Ash Pond Storm 
Water Analysis prepared by SCG Hydro Services, the storage capacity of the ash pond from, 
conservatively, El. 799 to El. 802.6 is 1044 ac-ft, 2.22 times the storage necessary for the 100 
year, 24 hour storm event. For our analysis, we assumed that rapid drawdown would occur from 
El 802.6 of the maximum surcharge pool to El. 795, the normal pool elevation. 
 
The normal (and maximum) pool elevation of the storage water pond is El. 780. This maximum 
level constraint has been established to minimize the occurrence of excessive seepage conditions 
along the downstream slope/toe of the dike. Based on the 1973 original slope analyses shown on 
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GP Drawings H12396 –H12398, the minimum pool is El. 725. We assume conservatively that 
rapid drawdown occurs from El. 780 to El. 725. 
 
Summary of Conclusions 
 
The following table lists the factors of safety for various slope stability failure conditions.  All 
conditions are steady state except where noted.  Construction cases were not considered.  Based 
on the results of these analyses, the dike is stable. The minimum factor of safety for each load 
case was taken from the USACOE EM 1110-2-1902 (2003) or the Georgia Department of 
Natural Resources, Environmental Protection, Rules for Dam Safety, Rule 391-3-8-09 Standards 
for the Design and Evaluation of Dams. 
 

Failure Conditions Computed Factor of 
Safety

Required Minimum 
Factor of Safety1

Downstream Steady State 1.9 1.5

Downstream Seismic 1.2 1.1

Downstream Maximum Surcharge Pool (Ash Pond) 1.7 1.4

Upstream Rapid Drawdown (Ash Pond) 1.9 1.3

Downstream Rapid Drawdown  (Storage Pond) 1.4 1.3

1 US Corps of Engineers Manual EM 1110-2-1902, October 2003 
 

 
The analyses show that in all cases the separation dike is stable. Safety factors for all cases were 
acceptable and exceeded the minimum safety factors required.  

Design Inputs/References 
 
USGS Earthquake Hazards website, http://www.usgs.gov/hazards/earthquakes/. 
NOAA website, http://www.srh.noaa.gov/ffc/html/rva.php. 
Georgia Department of Natural Resources, Environmental Protection, Rules for Dam Safety. 
GPC Land Department Drawing M-187-6 Plant Wansley Ash Pond – August 2005 Survey 
GPC Drawing H10027 Project Location Map 
GPC Drawing H12363 - Plant Wansley Ash Pond Discharge Structure General Arrangement 
GPC Drawing H12364 - Plant Wansley Separation Dike Construction 
GPC Drawing H12365 - Plant Wansley Separation Dike section and Details  
GPC Drawing H12366 - Plant Wansley Separation Dike Construction 
GPC Drawing H12396 - Plant Wansley Separation Dike Stability Analysis – Sheet 1 of 3 
GPC Drawing H12397 - Plant Wansley Separation Dike Stability Analysis – Sheet 2 of 3 
GPC Drawing H12398 - Plant Wansley Separation Dike Stability Analysis – Sheet 3 of 3 
GPC Drawing H12399 - Plant Wansley Separation Dike General Arrangement 
SCG Hydro Services - Dam Safety Surveillance, 4th Quarter 2009 Report, Plant Wansley 
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Evaluate Storm Water Capacity of Wansley Ash Pond by SCG Hydro Services – August 2010 

Body of Calculation 
 
Calculation consists of Slope-W modeling attached. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Confidential Business Information



Plant Wansley Ash Pond Separation Dike Slope Stability                                          TV-WN-ECS3201-001 

Rev. 0 
 CONFIDENTIAL BUSINESS INFORMATION    

5

 

Confidential Business Information



Plant Wansley Ash Pond Separation Dike Slope Stability                                          TV-WN-ECS3201-001 

Rev. 0 
 CONFIDENTIAL BUSINESS INFORMATION    

6

 
 
 

Confidential Business Information



Plant Wansley Ash Pond Separation Dike Slope Stability                                          TV-WN-ECS3201-001 

Rev. 0 
 CONFIDENTIAL BUSINESS INFORMATION    

7

 
 
 

Confidential Business Information



Plant Wansley Ash Pond Separation Dike Slope Stability                                          TV-WN-ECS3201-001 

Rev. 0 
 CONFIDENTIAL BUSINESS INFORMATION    

8

 
 

Confidential Business Information



Plant Wansley Ash Pond Separation Dike Slope Stability                                          TV-WN-ECS3201-001 

Rev. 0 
 CONFIDENTIAL BUSINESS INFORMATION    

9

 
 

Confidential Business Information



Plant Wansley Ash Pond Separation Dike Slope Stability                                          TV-WN-ECS3201-001 

Rev. 0 
 CONFIDENTIAL BUSINESS INFORMATION    

10

Attachment A 
 
Figure - Boring Location 
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Attachment B 
 
Soil Log 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Confidential Business Information



DRILLING LOG
GEOLOGICAL SERVICES

  SITE

E

  ANGLE CONTRACTOR

Depth Elev. % Rec

 
0

 
1  

 
2  

 
3  

 
4  

 
5  

 
6  

 
7  

 
8  

 
9  

 
10  

 
11  

 
12  

 
13  

 
14  

 
15  

 
16  

 
17  

 
18  

 
19  

 
20  

 
21  

 
22  

 
23  

 
24  

7/8/2010

7/7/2010

26' N/A 17 hours

RQD

UD 16-18.5

UD 21-23.5

T.O.B. water level
was 62'

4 18.5-20 8-13-17 30

3 13.5-15 228-10-12

2 8.5-10 7-6-8 14

1 3.5-5 2611-12-14

QUANTITY MIX

Material Description, Classification and Remarks Comments

  DRILLING METHOD

  CASING SIZE

H.S.A.

N/A N/A
NO. U.D. SAMPLES

N/A TOTAL % REC.

7/7/2010

HOLE DEPTH SURF.ELEV.

DRILL NO.

4
N/A

1:1

61716.41
806

21

0
  LOCATION

D-1Hole No.

Plant Wansley Seperation Dyke
Plant Wansley

106

27943.78

Sheet  1  of  4

Korey Young Korey Young

COORDINATES   N

BEARING Ranger

NO. SAMPLES

DATE TAKEN

N/APortland

0

  WATER TABLE DEPTH ELEV. TIME AFTER COMP.

LENGTH CORE SIZEN/A

Form GS9901  7-26-2004

  TYPE GROUT DRILLING START DATE

DRILLING COMP. DATEAPPROVEDRECORDER  DRILLER Justen Crowe
Sample 

No.
Standard Penetration Test

From To NBlows

red brown micacous SILT (ML)

red brown micacous SILT (ML)

red brown micacous SILT (ML)

red brown micacous SILT (ML)
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DRILLING LOG
GEOLOGICAL SERVICES

  SITE TOTAL DEPTH SURF.ELEV.

Depth Elev. % Rec

 
25  

 
26  

 
27  

 
28  

 
29  

 
30  

 
31  

 
32  

 
33  

 
34  

 
35  

 
36  

 
37  

 
38  

 
39  

 
40  

 
41  

 
42  

 
43  

 
44  

 
45  

 
46  

 
47  

 
48  

49  
 

50  
 

51  
 

52  
 

53  

54
 

55  
 

56  

9 43.5-45 21

8 38.5-40 6-9-13 22

7 33.5-35 176-8-9

806

Material Description, Classification and Remarks Comments

Sample 
No.

Standard Penetration Test
From To Blows N RQD

Plant Wansley Seperation Dyke 106

short push due to

UD 51-53

hard material

short push due to

Form GS9901  7-26-2004

5 23.5-25 227-12-10

6 28.5-30 8-10-12 22

10 7-9-1048.5-50

53.5-5511

7-9-12

5-7-12

19

19

Hole No. D-1

UD 46-47.5 

hard materia

red brown micacous SILT (ML)

red brown micacous SILT (ML)

red brown micacous SILT (ML)

red brown micacous SILT (ML)

red brown micacous SILT (ML)

red brown micacous SILT (ML

Sheet  2  of  4

red brown micacous SILT (ML
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DRILLING LOG
GEOLOGICAL SERVICES

  SITE TOTAL DEPTH SURF.ELEV.

Depth Elev. % Rec

 
57  

 
58  

 
59  

 
60  

 
61  

 
62  

 
63  

 
64  

 
65  

 
66  

 
67  

 
68  

 
69  

 
70  

 
71  

 
72  

 
73  

 
74  

 
75  

 
76  

 
77  

 
78  

 
79  

 
80  

81  
 

82  
 

83  
 

84  
 

85  

86
 

87  
 

88  
Form GS9901  7-26-2004

17 83.5-85 7-16-13 29

Plant Wansley Seperation Dyke 106 806

Blows NMaterial Description, Classification and Remarks Comments

Sample 
No.

Standard Penetration Test
From To RQD

13 63.5-65 7-16-14 30

14 68.5-70 7-14-16 30

Hole No. D-1

12 58.5-60 5-10-16 26

15 73.5-75 7-12-15 27

2916 78.5-80 6-12-17

multi colored sandy SILT (ML)

brown gray micacous SILT (ML)

brown gray micacous SILT (ML)

brown gray micacous SILT (ML)

tan fine sandy SILT (ML)

Sheet  3  of  4

brown micacous SILT (ML
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DRILLING LOG
GEOLOGICAL SERVICES

  SITE TOTAL DEPTH SURF.ELEV.

Depth Elev. % Rec

 
89  

 
90  

 
91  

 
92  

 
93  

 
94  

 
95  

 
96  

 
97  

 
98  

 
99  

 
100  

 
101  

 
102  

 
103  

 
104  

 
105  

 
106  

 
107  

 
108  

 
109  

 
110  

 
111  

 
112  

113  
 

114  
 

115  
 

116  
 

117  

118
 

119  
 

120  

21 103-5-105 12-18-23 41

20 98.5-100 9-12-15 27

806

Material Description, Classification and Remarks Comments RQD

Plant Wansley Seperation Dyke 106

Sample 
No.

Standard Penetration Test
From To Blows

Hole No. D-1

Form GS9901  7-26-2004

N

18 88.5-90 13-20-22 42

19 93.5-95 9-13-19 32

pink brown micacous SILT (ML)

tan brown micacous SILT (ML)

tan brown silty CLAY (CL)

tan orange clayey fine SAND (SC)

Auger Refusal @ 106'

Sheet  4  of  4
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Attachment C 
 
Soil Laboratory Analyses by MACTEC Engineering and Consulting. 
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Attachment D 
 
Historic Soil Laboratory Analyses by Law Engineering Testing Company 
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Purpose of Calculation 
 
At Plant Wansley, combustion byproducts, ash and gypsum, are stored in on-site 
facilities. Ash is sluiced to a pond formed by a cross-valley dike of compacted 
soil, and called the “separation dike”. Gypsum is sluiced to temporary 
impoundment dewatering cells located within the ash pond. The dikes for the 
dewatering cells were constructed on top of previously sluiced ash. The location 
of the dewatering cells is shown on the Location Plan, Attachment F. 
 

Summary of Conclusions 
 
One test boring (D-1) was performed in the separation dike as part of the 2010 
slope stability evaluation. SPT tests were generally performed at five-foot 
increments throughout the boring. The liquefaction potential was calculated for 
each five-foot SPT test interval.  
 
Eight CPT soundings were performed within the area of the temporary gypsum 
cells in support of the facility design in 2006. The reported equivalent N60 value 
was characterized at five-foot intervals and the liquefaction potential was 
calculated at each five-foot interval. The fines content of the ash material was 
assumed based on test results on ash from Plant Bowen (Sani, 1991) and our 
experience with fly ash materials. The results of the liquefaction potential 
analysis are summarized on the attached table. 
 
In the separation dike, all soils have a factor of safety against liquefaction of at 
least 1.4. A variety of sources interpret these data differently. We understand the 
FERC considers a factor of safety of 1.1 acceptable. However, other sources 
recommend performing post-earthquake stability analyses with reduced 
strengths for some materials with factors of safety greater than 1. For example, 
the current MSHA Engineering and Design Manual: Coal Refuse Disposal 
Facilities recommends that earthquake-reduced strengths be applied to soil with 
factors of safety less than 1.4. Based on liquefaction potential analysis from 
Boring D-1, the separation dike soils are not subject to appreciable strength loss 
due to earthquake shaking.  
 
At the temporary gypsum facility, the analysis indicates that the ash foundation 
materials are potentially susceptible to liquefaction, having factors of safety that 
generally ranged from 0.8 to 1.3 based the preconstruction CPT soundings. 
Although the analysis indicates the foundation materials are susceptible to 
liquefaction during the design earthquake (return period of 2475 years), the 
likelihood of a strong, liquefaction-inducing earthquake event is low. During more 
common, smaller earthquake events, the potential for liquefaction is significantly 
less. For earthquakes below magnitude 5.95, all factors of safety are 1.1 or 
greater (assuming the same 0.134g PGA). Similarly, for earthquakes with peak 
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accelerations below 0.095g, all factors of safety are 1.1 or greater (assuming the 
same magnitude 6.85). We believe that, if deformations due to a strong 
earthquake event were to occur, these deformations would most likely form in 
dikes located facing the ash pond due to the thinning of the foundation ash away 
from the center of the pond. Should material be released from the ash pond side 
of the gypsum facility, it would likely be completely contained within the ash 
pond. 
 
For the temporary gypsum facility dikes, the pseudostatic limit-equilibrium 
analysis indicates a factor of safety of 0.8. This is less than the minimum factor of 
safety (FS=1.1) specified by the Georgia Safe Dams Program. While the 
pseudostatic method can provide evidence of stability under earthquake shaking, 
it is not well suited to analyzing critical cases due to the conservative static 
application of earthquake forces. Neither the presence of pseudostatic, limit-
equilibrium a factor of safety of less than 1, or the potential occurrence of 
liquefied soils beneath the facility, directly indicate that a dike breach will form or 
that deformation of the dike under design earthquake loading will be severe 
enough to release materials from the facility. A deformation-type stability analysis 
that incorporates earthquake-reduced strengths would be necessary to evaluate 
the impact of earthquake events on the facility. Due to these certain limitations on 
the current data (described below), a detailed deformation-type analysis is not 
considered appropriate at this time. 
 
These liquefaction potential results are for CPT soundings located in the center 
of the facility, and not directly beneath the dikes. In addition, the CPT soundings 
were completed prior to construction and it is likely that there has been some 
increase in ash density, and liquefaction resistance, as a result of construction of 
the facility and consolidation of the underlying materials. As such, the 
preconstruction CPT results may not be entirely representative of the current 
conditions beneath the dikes of the temporary gypsum dewatering cells.  
 
The state-of-the-art for evaluation of liquefaction potential in silty soil material 
(like fly ash) incorporates SPT testing. There is also a well established 
relationship between corrected tip resistance from CPT soundings and 
liquefaction potential in clean sands. However, according to Idriss and Boulanger 
(2004), there is not yet a consensus on the direct use of CPT in evaluation of 
liquefaction potential of silty soils. As such, a correlation between CPT and SPT 
data and established SPT methods were used in the liquefaction potential 
analysis. Use of this correlation adds a measure of uncertainty to the results, 
because, to our knowledge, the correlation hasn’t been extensively tested to 
verify it is applicable to the specific, somewhat unusual conditions (sluiced fly 
ash) present at the site.  
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For the temporary gypsum storage facility, Southern Company plans to complete 
additional studies to confirm the post-construction conditions beneath the dikes, 
to verify the liquefaction potential analyses, and to evaluate the deformation of 
the dike following the design earthquake. These studies will include the following: 

 
 Test borings through the existing dike and into natural soil, performed 

in accordance with current field methods for liquefaction and stability 
analyses; 

 Low disturbance samples that a representative of the in-situ ash 
materials; 

 Shear strength testing to evaluate the ultimate and post-earthquake 
residual strength of the ash; and  

 Stability evaluation incorporating earthquake-reduced strengths and 
deformation analyses where appropriate. 

 
We anticipate completion of the additional studies by December 31, 2010. 
 

Methodology 
 
Liquefaction potential was assessed using procedures outlined in the 2004 paper 
by Idriss and Boulanger titled, “Semi-Empirical Procedures for Evaluating 
Liquefaction Potential During Earthquakes”. The SPT test data collected for the 
recent slope stability study (ES 1840) was used to evaluate liquefaction potential. 
Supplemental information regarding SPT correction factors was obtained from 
the 2001 paper by Youd and Idriss “Liquefaction Resistance of Soils: Summary 
Report From The 1996 NCEER and 1998 NCEER/NSF Workshops on 
Evaluation of Liquefaction Resistance of Soils” and ASTM D 6066-04. The 
reported factor of safety is the ratio of the cyclic resistance ratio (CRR) to the 
cyclic stress ratio (CSR).  
 
The limit-equilibrium slope stability was evaluated using the following methods 
and software: 
 
GeoStudio 2007 (Version 7.16, Build 4840), Copyright 1991-2010, GEO-SLOPE 
International, Ltd.  
 
The software was utilized in general accordance with the procedures for 
analyzing slope stability using software described in Soil Strength and Slope 
Stability (2005) by Duncan and Wright. The Morgenstern-Price method was used 
for analysis. Failure circles were searched using the grid and radius method. 
Software optimization of the critical slip surface was not performed. 
 
The stability analysis was performed using the pseudostatic method and 
Geostudio 2007 software. Because the pseudostatic method applies the 
earthquake acceleration as a constant force, unrealistic stability analyses can 

Confidential Business Information



Plant Wansley CCB Facilities  TV-WN-ECS3201-100 
  Liquefaction Potential  
 

Rev. 0 Page 5 of 5 
8/6/2010 

result if the peak ground acceleration or spectral seismic acceleration is directly 
applied as the pseudostatic acceleration (Kh). In this calculation, the mapped, 
site-modified, spectral seismic acceleration was used to calculate the 
pseudostatic acceleration (Kh) following the procedure described in 
“Pseudostatic Coefficient for use in Simplified Seismic Slope Stability Evaluation” 
(2009) by Bray and Travasarou.  
 

Criteria and Assumptions 
 
The liquefaction analysis criteria: 
 

1. The peak acceleration at the top of the separation dike is 0.251g as 
derived from the 2002 USGS-mapped, site-modified, short-period spectral 
acceleration at Plant Wansley (2% chance of exceedance over 50 years). 

 
2. The peak acceleration at the top of the temporary gypsum cell dike is 

0.335g as derived from the 2002 USGS-mapped, site-modified, short-
period spectral acceleration at Plant Wansley (2% chance of exceedance 
over 50 years). The corresponding pseudostatic acceleration coefficient 
(Kh) is 0.133g based on an allowable crest displacement of 2 inches using 
the Bray and Travasarou procedure. 

 
3. The peak acceleration at the top of the gypsum cell foundation is 0.134g 

as derived from the 2002 USGS-mapped, site-modified, peak ground 
acceleration at Plant Wansley (2% chance of exceedance over 50 years). 

 
4. The design earthquake is magnitude 6.85, as determined by the 2009 

USGS mapped earthquake with a 2% probability of exceedance over 50 
years and located within 300 kilometers of Plant Wansley. 

 

Design Inputs/References 
 

1. SPT Test Boring and Lab Data, Ash Pond Stability Evaluation, August 
2010 

2. CPT Soundings, Temporary Gypsum Cell Foundation, October 2006 
3. USGS Probabilistic Earthquake Hazard Data for Plant Wansley (N33.415, 

W85.051) 
4. Sani, Alice, et al., Southern Company Services, Inc., 1991, Plant Bowen, 

Ash Stacking Operations, Georgia Power Company, Birmingham, AL 
 

Body of Calculation 
 
Attached. 
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Plant Wansley CSR Calculation TV-WN-ECS3201-002

Separation Dike GWT= 7 Magnitude= 6.85
depth total stress effective vertical stress amax alpha beta rd csr msf csr 7.5

5 500 500 0.251 -0.052372 0.00641 0.991575 0.161775 1.186858 0.136306
10 1000 812.8 0.251 -0.136777 0.015951 0.972864 0.195279 1.186858 0.164534
15 1500 1000.8 0.251 -0.235935 0.027168 0.951386 0.232642 1.186858 0.196015
20 2000 1188.8 0.251 -0.348175 0.039852 0.927565 0.254597 1.186858 0.214513
25 2500 1376.8 0.251 -0.471605 0.053766 0.901851 0.267172 1.186858 0.225109
30 3000 1564.8 0.251 -0.604143 0.068653 0.874704 0.273597 1.186858 0.230522
35 3500 1752.8 0.251 -0.743557 0.084235 0.846583 0.275799 1.186858 0.232377
40 4000 1940.8 0.251 -0.887495 0.100222 0.817933 0.275032 1.186858 0.231731
45 4500 2128.8 0.251 -1.033532 0.116316 0.789176 0.272169 1.186858 0.229319
50 5000 2316.8 0.251 -1.179207 0.132219 0.760706 0.267846 1.186858 0.225677
55 5500 2504.8 0.251 -1.322062 0.147633 0.732879 0.262548 1.186858 0.221213
60 6000 2692.8 0.251 -1.459692 0.162273 0.706013 0.256653 1.186858 0.216246
65 6500 2880.8 0.251 -1.589774 0.175865 0.680385 0.250462 1.186858 0.21103
70 7000 3068.8 0.251 -1.710118 0.188158 0.656234 0.244217 1.186858 0.205767
75 7500 3256.8 0.251 -1.818694 0.198921 0.63376 0.238112 1.186858 0.200624
80 8000 3444.8 0.251 -1.913672 0.207955 0.613129 0.232308 1.186858 0.195734
85 8500 3632.8 0.251 -1.993451 0.215092 0.594477 0.226934 1.186858 0.191206
90 9000 3820.8 0.251 -2.056687 0.220198 0.577914 0.222095 1.186858 0.187129
95 9500 4008.8 0.251 -2.102313 0.223179 0.56353 0.217878 1.186858 0.183576
100 10000 4196.8 0.251 -2.12956 0.22398 0.551398 0.214355 1.186858 0.180607
105 10500 4384.8 0.251 -2.137969 0.222585 0.54158 0.211587 1.186858 0.178275

Temporary Gypsum Facility Foundation GWT= 5 Magnitude= 6.85
depth total Stress effective vertical stress amax alpha beta rd csr msf csr 7.5

5 500 500 0.134 -0.052372 0.00641 0.991575 0.086366 1.186858 0.072769
10 1000 812.8 0.134 -0.136777 0.015951 0.972864 0.104252 1.186858 0.087839
15 1500 1000.8 0.134 -0.235935 0.027168 0.951386 0.124199 1.186858 0.104645
20 2000 1188.8 0.134 -0.348175 0.039852 0.927565 0.13592 1.186858 0.114521
25 2500 1376.8 0.134 -0.471605 0.053766 0.901851 0.142634 1.186858 0.120178
30 3000 1564.8 0.134 -0.604143 0.068653 0.874704 0.146064 1.186858 0.123067
35 3500 1752.8 0.134 -0.743557 0.084235 0.846583 0.147239 1.186858 0.124058
40 4000 1940.8 0.134 -0.887495 0.100222 0.817933 0.14683 1.186858 0.123713
45 4500 2128.8 0.134 -1.033532 0.116316 0.789176 0.145301 1.186858 0.122425
50 5000 2316.8 0.134 -1.179207 0.132219 0.760706 0.142994 1.186858 0.120481
55 5500 2504.8 0.134 -1.322062 0.147633 0.732879 0.140165 1.186858 0.118098
60 6000 2692.8 0.134 -1.459692 0.162273 0.706013 0.137018 1.186858 0.115446
65 6500 2880.8 0.134 -1.589774 0.175865 0.680385 0.133713 1.186858 0.112661
70 7000 3068.8 0.134 -1.710118 0.188158 0.656234 0.130379 1.186858 0.109852
75 7500 3256.8 0.134 -1.818694 0.198921 0.63376 0.12712 1.186858 0.107106
80 8000 3444.8 0.134 -1.913672 0.207955 0.613129 0.124021 1.186858 0.104495
85 8500 3632.8 0.134 -1.993451 0.215092 0.594477 0.121152 1.186858 0.102078
90 9000 3820.8 0.134 -2.056687 0.220198 0.577914 0.118569 1.186858 0.099901
95 9500 4008.8 0.134 -2.102313 0.223179 0.56353 0.116317 1.186858 0.098004
100 10000 4196.8 0.134 -2.12956 0.22398 0.551398 0.114437 1.186858 0.09642

Confidential Business Information



Plant Wansley CRR-Separation Dike TV-WN-ECS3201-002

Hammer Efficency: 60 % (assumed)
Borehole diameter: 6 inches
Sampler: (Standard upset wall, no liners)

Depth N
Hammer 
Efficency

Borehole 
Diameter

Rod 
Length Sampler N60

Effective 
Stress Alpha Cn N1 60 Fines Content N1 60 CS CRR C sigma K sigma CRR CRR/CSR

5 26 1 1.05 0.75 1.1 22.52 500 0.326848 1.573193 35.43 59 37.00 1.749643 0.268736 1 1.749643 >5
10 14 1 1.05 0.75 1.1 12.13 812.8 0.45565 1.507233 18.28 59 23.88 0.265819 0.125035 1 0.265819 1.6
15 22 1 1.05 1 1.1 25.41 1000.8 0.347393 1.271906 32.32 59 37.00 1.749643 0.227104 1 1.749643 >5
20 30 1 1.05 1 1.1 34.65 1188.8 0.295771 1.166329 40.41 59 37.00 1.749643 0.371847 1 1.749643 >5
25 22 1 1.05 1 1.1 25.41 1376.8 0.369236 1.147823 29.17 59 34.77 1.05729 0.194987 1 1.05729 4.7
30 22 1 1.05 1 1.1 25.41 1564.8 0.378463 1.09732 27.88 59 33.49 0.826916 0.183996 1 0.826916 3.6
35 17 1 1.05 1 1.1 19.64 1752.8 0.433809 1.058903 20.79 59 26.40 0.327289 0.137503 1 0.327289 1.4
40 22 1 1.05 1 1.1 25.41 1940.8 0.394562 1.011926 25.71 59 31.32 0.581094 0.16752 1 0.581094 2.5
45 21 1 1.05 1 1.1 24.26 2128.8 0.41058 0.974701 23.64 59 29.25 0.441578 0.153816 0.9904 0.445858 1.9
50 19 1 1.05 1 1.1 21.95 2316.8 0.435565 0.937962 20.58 52 26.20 0.321435 0.136409 0.979942 0.328014 1.5
55 19 1 1.05 1 1.1 21.95 2504.8 0.441671 0.905378 19.87 52 25.48 0.301914 0.132739 0.970126 0.311211 1.4
60 26 1 1.05 1 1.1 30.03 2692.8 0.386657 0.891362 26.77 52 32.38 0.684588 0.175225 0.947882 0.722229 3.3
65 30 1 1.05 1 1.1 34.65 2880.8 0.360719 0.876662 30.38 52 35.99 1.375105 0.206367 0.924692 1.487094 >5
70 30 1 1.05 1 1.1 34.65 3068.8 0.36599 0.854965 29.62 52 35.24 1.165412 0.199173 0.914726 1.274056 >5
75 27 1 1.05 1 1.1 31.19 3256.8 0.394444 0.825035 25.73 52 31.34 0.583282 0.16763 0.918264 0.635201 3.2
80 29 1 1.05 1 1.1 33.50 3444.8 0.383531 0.811774 27.19 52 32.81 0.734151 0.17847 0.902962 0.813048 4.2
85 29 1 1.05 1 1.1 33.50 3632.8 0.388135 0.793215 26.57 52 32.18 0.663089 0.17373 0.896308 0.739801 3.9
90 42 1 1.05 1 1.1 48.51 3820.8 0.298328 0.82439 39.99 52 37.00 1.749643 0.360469 0.766664 2.282151 >5
95 32 1 1.05 1 1.1 36.96 4008.8 0.374031 0.77099 28.50 52 34.11 0.928217 0.189117 0.868499 1.06876 >5
100 27 1 1.05 1 1.1 31.19 4196.8 0.416457 0.734425 22.90 52 28.52 0.405884 0.149333 0.889318 0.456399 2.5
105 41 1 1.05 1 1.1 47.36 4384.8 0.317406 0.779453 36.91 15 37.00 1.749643 0.29346 0.769635 2.273341 >5

D-1

Confidential Business Information



Plant Wansley CRR-Temporary Gypsum Facility TV-WN-ECS3201-002

Hammer Efficency: CPT
Borehole diameter: CPT
Sampler: CPT

WDAC1

Depth N
Hammer 
Efficency

Borehole 
Diameter

Rod 
Length Sampler N60

Effective 
Stress Alpha Cn N1 60

Fines 
Content N1 60 CS CRR C sigma K sigma CRR CRR/CSR

5 9 1 1 1 1 9.00 500 0.483595 1.7 15.30 1 15.30 0.158662 0.112037 1 0.158662 2.2
10 5 1 1 1 1 5.00 812.8 0.562753 1.659826 8.30 12 12.04 0.132724 0.086551 1 0.132724 1.5
12 2 1 1 1 1 2.00 1000.8 0.648072 1.566261 3.13 85 8.73 0.109384 0.069508 1 0.109384 1.0
20 3 1 1 1 1 3.00 1188.8 0.627399 1.385935 4.16 85 9.75 0.116346 0.072991 1 0.116346 1.0
25 4 1 1 1 1 4.00 1376.8 0.611814 1.256641 5.03 30 10.92 0.124577 0.075856 1 0.124577 1.0
30 5 1 1 1 1 5.00 1564.8 0.59917 1.158388 5.79 30 11.69 0.130139 0.078351 1 0.130139 1.1
35 6 1 1 1 1 6.00 1752.8 0.588433 1.080727 6.48 30 12.38 0.135297 0.080602 1 0.135297 1.1
30 6 1 1 1 1 6.00 1940.8 0.594192 1.018014 6.11 85 11.70 0.130254 0.079379 1 0.130254 1.1
45 6 1 1 1 1 5.00 2128.8 0.59917 1.158388 5.79 85 11.69 0.130139 0.078351 1 0.130139 1.1
50 8 1 1 1 1 8.00 2316.8 0.57578 0.918822 7.35 85 12.95 0.139607 0.083428 0.987733 0.141341 1.2

WDAC2
Depth N mmer Efficeehole DiamRod Length Sampler N60 ffective Stre Alpha Cn N1 60 ines ContenN1 60 CS CRR C sigma K sigma CRR CRR/CSR

5 9 1 1 1 1 9.00 500 0.483595 1.7 15.30 1 15.30 0.158662 0.112037 1 0.158662 2.2
10 5 1 1 1 1 5.00 812.8 0.562753 1.659826 8.30 30 14.19 0.149468 0.086551 1 0.149468 1.7
12 4 1 1 1 1 4.00 1000.8 0.595252 1.510018 6.04 30 11.94 0.131973 0.079158 1 0.131973 1.3
20 4 1 1 1 1 4.00 1188.8 0.604258 1.369351 5.48 30 11.37 0.127836 0.077327 1 0.127836 1.1
25 5 1 1 1 1 5.00 1376.8 0.592194 1.247469 6.24 30 12.13 0.133443 0.079799 1 0.133443 1.1
30 6 1 1 1 1 6.00 1564.8 0.581956 1.153506 6.92 30 12.82 0.138617 0.082024 1 0.138617 1.1
35 7 1 1 1 1 7.00 1752.8 0.572979 1.078525 7.55 85 13.14 0.141146 0.08408 1 0.141146 1.1
30 7 1 1 1 1 7.00 1940.8 0.579031 1.01755 7.12 85 12.72 0.137861 0.082683 1 0.137861 1.1
45 5 1 1 1 1 5.00 2128.8 0.615537 0.962312 4.81 85 10.41 0.120909 0.075151 0.99531 0.121479 1.0
50 8 1 1 1 1 8.00 2316.8 0.57578 0.918822 7.35 85 12.95 0.139607 0.083428 0.987733 0.141341 1.2
55 8 1 1 1 1 8.00 2504.8 0.580513 0.877524 7.02 85 12.61 0.137079 0.082348 0.981467 0.139668 1.2
60 6 1 1 1 1 6.00 2692.8 0.612251 0.833514 5.00 85 10.60 0.122251 0.075772 0.977463 0.125069 1.1

WDAC3

Depth N
Hammer 
Efficency

Borehole 
Diameter

Rod 
Length Sampler N60

Effective 
Stress Alpha Cn N1 60

Fines 
Content N1 60 CS CRR C sigma K sigma CRR CRR/CSR

5 8 1 1 1 1 8.00 500 0.500776 1.7 13.60 1 13.60 0.144714 0.105307 1 0.144714 2.0
10 3 1 1 1 1 3.00 812.8 0.610561 1.7 5.10 12 8.84 0.110118 0.076096 1 0.110118 1.3
12 4 1 1 1 1 4.00 1000.8 0.595252 1.510018 6.04 30 11.94 0.131973 0.079158 1 0.131973 1.3
20 5 1 1 1 1 5.00 1188.8 0.584094 1.355062 6.78 30 12.67 0.137503 0.081549 1 0.137503 1.2
25 10 1 1 1 1 10.00 1376.8 0.51655 1.212728 12.13 1 12.13 0.133404 0.099802 1 0.133404 1.1
30 12 1 1 1 1 8.00 1564.8 0.580513 0.877524 7.02 1 12.61 0.137079 0.082348 0.981467 0.139668 1.1
35 4 1 1 1 1 4.00 1752.8 0.623946 1.085802 4.34 85 9.94 0.11763 0.073607 1 0.11763 0.9
30 5 1 1 1 1 5.00 1940.8 0.610687 1.018519 5.09 85 10.69 0.122901 0.076072 1 0.122901 1.0
45 7 1 1 1 1 7.00 2128.8 0.584479 0.964179 6.75 85 12.34 0.135029 0.081465 0.994916 0.135719 1.1
50 6 1 1 1 1 6.00 2316.8 0.604051 0.915011 5.49 85 11.08 0.12575 0.077369 0.988624 0.127197 1.1
55 5 1 1 1 1 5.00 2504.8 0.623914 0.868994 4.34 85 9.94 0.117643 0.073613 0.983433 0.119624 1.0
60 6 1 1 1 1 6.00 2692.8 0.612251 0.833514 5.00 85 10.60 0.122251 0.075772 0.977463 0.125069 1.1
65 8 1 1 1 1 8.00 1000.8 0.523609 1.436945 11.50 85 17.09 0.17476 0.097521 1 0.17476 1.7

WDAC4

Depth N
Hammer 
Efficency

Borehole 
Diameter

Rod 
Length Sampler N60

Effective 
Stress Alpha Cn N1 60

Fines 
Content N1 60 CS CRR C sigma K sigma CRR CRR/CSR

5 7 1 1 1 1 7.00 500 0.519068 1.7 11.90 1 11.90 0.131712 0.098976 1 0.131712 1.8
10 3 1 1 1 1 3.00 812.8 0.610561 1.7 5.10 85 10.69 0.122954 0.076096 1 0.122954 1.4
12 3 1 1 1 1 3.00 1000.8 0.61918 1.535241 4.61 85 10.20 0.119462 0.074474 1 0.119462 1.1
20 4 1 1 1 1 4.00 1188.8 0.604258 1.369351 5.48 85 11.07 0.125658 0.077327 1 0.125658 1.1
25 5 1 1 1 1 5.00 1376.8 0.592194 1.247469 6.24 85 11.83 0.131208 0.079799 1 0.131208 1.1
30 6 1 1 1 1 6.00 1564.8 0.581956 1.153506 6.92 85 12.52 0.136326 0.082024 1 0.136326 1.1
35 7 1 1 1 1 7.00 1752.8 0.572979 1.078525 7.55 85 13.14 0.141146 0.08408 1 0.141146 1.1
30 3 1 1 1 1 3.00 1940.8 0.649674 1.019712 3.06 85 8.65 0.108895 0.069252 1 0.108895 0.9
45 3 1 1 1 1 3.00 2128.8 0.653664 0.960025 2.88 85 8.47 0.107706 0.068623 0.995717 0.108169 0.9
50 5 1 1 1 1 5.00 2316.8 0.619921 0.912878 4.56 85 10.16 0.119173 0.074338 0.989069 0.12049 1.0
55 10 1 1 1 1 10.00 2504.8 0.555863 0.882406 8.82 85 14.42 0.151295 0.088299 0.980127 0.154363 1.3
60 10 1 1 1 1 10.00 2692.8 0.560562 0.846428 8.46 85 14.06 0.148374 0.087099 0.974094 0.15232 1.3
65 8 1 1 1 1 8.00 2880.8 0.588908 0.806618 6.45 85 12.05 0.132809 0.0805 0.970624 0.136828 1.3
85 7 1 1 1 1 7.00 3068.8 0.605509 0.771636 5.40 85 11.00 0.125111 0.07708 0.966999 0.129381 1.2
75 5 1 1 1 1 5.00 3256.8 0.636971 0.733018 3.67 85 9.26 0.112971 0.071336 0.965217 0.117042 1.1
80 12 1 1 1 1 12.00 3444.8 0.555231 0.73942 8.87 85 14.47 0.151697 0.088463 0.951901 0.159362 1.5

WDAC5

Depth N
Hammer 
Efficency

Borehole 
Diameter

Rod 
Length Sampler N60

Effective 
Stress Alpha Cn N1 60

Fines 
Content N1 60 CS CRR C sigma K sigma CRR CRR/CSR

5 4 1 1 1 1 4.00 500 0.604258 1.369351 5.48 1 11.07 0.125658 0.077327 1 0.125658 1.7
10 5 1 1 1 1 5.00 812.8 0.562753 1.659826 8.30 30 14.19 0.149468 0.086551 1 0.149468 1.7
12 5 1 1 1 1 5.00 1000.8 0.574485 1.488462 7.44 85 13.04 0.140315 0.083728 1 0.140315 1.3
20 4 1 1 1 1 4.00 1188.8 0.604258 1.369351 5.48 85 11.07 0.125658 0.077327 1 0.125658 1.1
25 6 1 1 1 1 6.00 1376.8 0.574577 1.23929 7.44 30 13.33 0.142599 0.083706 1 0.142599 1.2
30 4 1 1 1 1 4.00 1564.8 0.618294 1.163837 4.66 85 10.25 0.11981 0.074638 1 0.11981 1.0
35 5 1 1 1 1 5.00 1752.8 0.605274 1.083131 5.42 85 11.01 0.125213 0.077126 1 0.125213 1.0
30 5 1 1 1 1 5.00 1940.8 0.610687 1.018519 5.09 85 10.69 0.122901 0.076072 1 0.122901 1.0
45 12 1 1 1 1 12.00 2128.8 0.522258 0.967931 11.62 85 17.21 0.175902 0.09795 0.993887 0.176984 1.4

WDAC6

Depth N
Hammer 
Efficency

Borehole 
Diameter

Rod 
Length Sampler N60

Effective 
Stress Alpha Cn N1 60

Fines 
Content N1 60 CS CRR C sigma K sigma CRR CRR/CSR

5 6 1 1 1 1 6.00 500 0.53872 1.7 10.20 1 10.20 0.11946 0.092972 1 0.11946 1.6
10 5 1 1 1 1 5.00 812.8 0.562753 1.659826 8.30 1 8.30 0.106548 0.086551 1 0.106548 1.2
12 4 1 1 1 1 4.00 1000.8 0.595252 1.510018 6.04 30 11.94 0.131973 0.079158 1 0.131973 1.3
20 4 1 1 1 1 4.00 1188.8 0.604258 1.369351 5.48 85 11.07 0.125658 0.077327 1 0.125658 1.1
25 2 1 1 1 1 2.00 1376.8 0.66112 1.27999 2.56 85 8.15 0.105599 0.067476 1 0.105599 0.9
30 5 1 1 1 1 5.00 1564.8 0.59917 1.158388 5.79 85 11.39 0.127938 0.078351 1 0.127938 1.0
35 5 1 1 1 1 5.00 1752.8 0.605274 1.083131 5.42 85 11.01 0.125213 0.077126 1 0.125213 1.0
30 5 1 1 1 1 5.00 1940.8 0.610687 1.018519 5.09 85 10.69 0.122901 0.076072 1 0.122901 1.0
45 5 1 1 1 1 5.00 2128.8 0.615537 0.962312 4.81 85 10.41 0.120909 0.075151 0.99531 0.121479 1.0
50 5 1 1 1 1 5.00 2316.8 0.619921 0.912878 4.56 85 10.16 0.119173 0.074338 0.989069 0.12049 1.0
55 5 1 1 1 1 5.00 2504.8 0.623914 0.868994 4.34 85 9.94 0.117643 0.073613 0.983433 0.119624 1.0
60 6 1 1 1 1 6.00 2692.8 0.612251 0.833514 5.00 85 10.60 0.122251 0.075772 0.977463 0.125069 1.1
65 6 1 1 1 1 6.00 1000.8 0.555955 1.469488 8.82 85 14.41 0.151237 0.088275 1 0.151237 1.4
85 10 1 1 1 1 10.00 3068.8 0.568988 0.783796 7.84 30 13.73 0.145769 0.085027 0.963596 0.151276 1.4
75 7 1 1 1 1 7.00 3256.8 0.608835 0.743143 5.20 30 11.10 0.12584 0.076429 0.962733 0.130711 1.2
80 5 1 1 1 1 5.00 3444.8 0.639682 0.706235 3.53 85 9.13 0.112063 0.070881 0.961461 0.116555 1.1

WDAC7

Depth N
Hammer 
Efficency

Borehole 
Diameter

Rod 
Length Sampler N60

Effective 
Stress Alpha Cn N1 60

Fines 
Content N1 60 CS CRR C sigma K sigma CRR CRR/CSR

5 5 1 1 1 1 5.00 500 0.560091 1.7 8.50 1 8.50 0.107874 0.087218 1 0.107874 1.5
10 5 1 1 1 1 5.00 812.8 0.562753 1.659826 8.30 12 12.04 0.132724 0.086551 1 0.132724 1.5
12 3 1 1 1 1 3.00 1000.8 0.61918 1.535241 4.61 85 10.20 0.119462 0.074474 1 0.119462 1.1
20 5 1 1 1 1 5.00 1188.8 0.584094 1.355062 6.78 85 12.37 0.135225 0.081549 1 0.135225 1.2
25 4 1 1 1 1 4.00 1376.8 0.611814 1.256641 5.03 85 10.62 0.122431 0.075856 1 0.122431 1.0
30 4 1 1 1 1 4.00 1564.8 0.618294 1.163837 4.66 85 10.25 0.11981 0.074638 1 0.11981 1.0
35 4 1 1 1 1 4.00 1752.8 0.623946 1.085802 4.34 85 9.94 0.11763 0.073607 1 0.11763 0.9
30 2 1 1 1 1 2.00 1940.8 0.674283 1.020467 2.04 85 7.64 0.102233 0.065544 1 0.102233 0.8
45 2 1 1 1 1 2.00 2128.8 0.677661 0.958588 1.92 85 7.51 0.101439 0.065065 0.995939 0.101853 0.8
50 4 1 1 1 1 4.00 2316.8 0.637432 0.910531 3.64 85 9.24 0.112815 0.071258 0.989522 0.114009 0.9
55 7 1 1 1 1 7.00 2504.8 0.593943 0.874875 6.12 85 11.72 0.130372 0.079431 0.982123 0.132745 1.1
60 4 1 1 1 1 4.00 2692.8 0.644437 0.825573 3.30 85 8.90 0.11052 0.070096 0.979151 0.112874 1.0
65 5 1 1 1 1 5.00 1000.8 0.574485 1.488462 7.44 85 13.04 0.140315 0.083728 1 0.140315 1.3
85 5 1 1 1 1 5.00 3068.8 0.634067 0.762259 3.81 85 9.41 0.113967 0.07183 0.969247 0.117583 1.1
75 5 1 1 1 1 4.00 3256.8 0.644437 0.825573 3.30 85 8.90 0.11052 0.070096 0.979151 0.112874 1.1
80 4 1 1 1 1 4.00 3444.8 0.655471 0.700198 2.80 85 8.40 0.107182 0.068341 0.962842 0.111318 1.1
85 7 1 1 1 1 7.00 3632.8 0.61487 0.692817 4.85 85 10.44 0.121179 0.075276 0.955071 0.126879 1.2
90 6 1 1 1 1 6.00 3820.8 0.63061 0.664845 3.99 85 9.58 0.115184 0.072427 0.953117 0.12085 1.2

WDAC8

Depth N
Hammer 
Efficency

Borehole 
Diameter

Rod 
Length Sampler N60

Effective 
Stress Alpha Cn N1 60

Fines 
Content N1 60 CS CRR C sigma K sigma CRR CRR/CSR

5 10 1 1 1 1 10.00 500 0.467345 1.7 17.00 1 17.00 0.173906 0.119245 1 0.173906 2.4
10 5 1 1 1 1 5.00 812.8 0.562753 1.659826 8.30 1 8.30 0.106548 0.086551 1 0.106548 1.2
12 4 1 1 1 1 4.00 1000.8 0.595252 1.510018 6.04 85 11.63 0.129754 0.079158 1 0.129754 1.2
20 4 1 1 1 1 4.00 1188.8 0.604258 1.369351 5.48 85 11.07 0.125658 0.077327 1 0.125658 1.1
25 5 1 1 1 1 5.00 1376.8 0.592194 1.247469 6.24 85 11.83 0.131208 0.079799 1 0.131208 1.1
30 5 1 1 1 1 5.00 1564.8 0.59917 1.158388 5.79 85 11.39 0.127938 0.078351 1 0.127938 1.0
35 10 1 1 1 1 10.00 1752.8 0.532455 1.072774 10.73 12 14.46 0.151673 0.094805 1 0.151673 1.2
30 10 1 1 1 1 10.00 1940.8 0.539162 1.016332 10.16 12 13.90 0.147101 0.092845 1 0.147101 1.2
45 8 1 1 1 1 8.00 2128.8 0.57061 0.965014 7.72 30 13.62 0.144835 0.08464 0.994718 0.145604 1.2
50 8 1 1 1 1 8.00 2316.8 0.57578 0.918822 7.35 30 13.25 0.141935 0.083428 0.987733 0.143698 1.2
55 12 1 1 1 1 12.00 2504.8 0.533458 0.886866 10.64 1 10.64 0.122583 0.094507 0.97873 0.125247 1.1
60 12 1 1 1 1 12.00 2692.8 0.538429 0.852018 10.22 12 13.96 0.147589 0.093055 0.972322 0.15179 1.3
65 8 1 1 1 1 8.00 1000.8 0.523609 1.436945 11.50 85 17.09 0.17476 0.097521 1 0.17476 1.7
85 8 1 1 1 1 8.00 3068.8 0.592659 0.775893 6.21 85 11.80 0.130985 0.079701 0.965877 0.135612 1.2
75 8 1 1 1 1 8.00 3256.8 0.596162 0.74775 5.98 85 11.58 0.129327 0.078969 0.961495 0.134506 1.3
80 8 1 1 1 1 8.00 3444.8 0.599442 0.721857 5.77 85 11.37 0.127814 0.078296 0.957429 0.133497 1.3
85 8 1 1 1 1 8.00 3632.8 0.602526 0.697941 5.58 85 11.18 0.126425 0.077673 0.95364 0.132571 1.3
90 8 1 1 1 1 8.00 3820.8 0.605431 0.675769 5.41 85 11.00 0.125145 0.077095 0.950095 0.131718 1.3
95 10 1 1 1 1 8.00 4008.8 0.57061 0.965014 7.72 85 13.62 0.144835 0.08464 0.994718 0.145604 1.5
100 12 1 1 1 1 12.00 4196.8 0.568496 0.656157 7.87 85 13.47 0.143678 0.085146 0.936892 0.153356 1.6
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Plant Wansley CCB Facilities TV-WN-ECS3201-002

SPT      
N-value

Factor of 
Safety

SPT      
N-value

Factor of 
Safety

SPT      
N-value

Factor of 
Safety

SPT      
N-value

Factor of 
Safety

SPT      
N-value

Factor of 
Safety

SPT      
N-value

Factor of 
Safety

SPT      
N-value

Factor of 
Safety

SPT      
N-value

Factor of 
Safety

SPT      
N-value

Factor of 
Safety

5 26 >5 5 9 2.2 9 2.2 8 2.0 7 1.8 4 1.7 6 1.6 5 1.5 10 2.4
10 14 1.6 10 5 1.5 5 1.7 3 1.3 3 1.4 5 1.7 5 1.2 5 1.5 5 1.2
15 22 >5 15 2 1.0 4 1.3 4 1.3 3 1.1 5 1.3 4 1.3 3 1.1 4 1.2
20 30 >5 20 3 1.0 4 1.1 5 1.2 4 1.1 4 1.1 4 1.1 5 1.2 4 1.1
25 22 4.7 25 4 1.0 5 1.1 10 1.1 5 1.1 6 1.2 2 0.9 4 1.0 5 1.1
30 22 3.6 30 5 1.1 6 1.1 12 1.1 6 1.1 4 1.0 5 1.0 4 1.0 5 1.0
35 17 1.4 35 6 1.1 7 1.1 4 0.9 7 1.1 5 1.0 5 1.0 4 0.9 10 1.2
40 22 2.5 40 6 1.1 7 1.1 5 1.0 3 0.9 5 1.0 5 1.0 2 0.8 10 1.2
45 21 1.9 45 6 1.1 5 1.0 7 1.1 3 0.9 12 1.4 5 1.0 2 0.8 8 1.2
50 19 1.5 50 8 1.2 8 1.2 6 1.1 5 1.0 5 1.0 4 0.9 8 1.2
55 19 1.4 55 8 1.2 5 1.0 10 1.3 5 1.0 7 1.1 12 1.1
60 26 3.3 60 6 1.1 6 1.1 10 1.3 6 1.1 4 1.0 12 1.3
65 30 >5 65 8 1.7 8 1.3 6 1.4 5 1.3 8 1.7
70 30 >5 70 7 1.2 10 1.4 5 1.1 8 1.2
75 27 3.2 75 5 1.1 7 1.2 5 1.1 8 1.3
80 29 4.2 80 12 1.5 5 1.1 4 1.1 8 1.3
85 29 3.9 85 7 1.2 8 1.3
90 42 >5 90 6 1.2 8 1.3
95 32 >5 95 10 1.5
100 27 2.5 100 12 1.6
105 41 >5 Note: Reported N-values are correlations from CPT sounding data.

Factor of Safety = Cyclic Resistance Ratio (CRR) divided by the Cyclic Shear Stress Ratio (CSR)

WDAC4 WDAC5 WDAC6 WDAC7

Depth

WDAC1 WDAC2 WDAC3 WDAC8

This evaluation was performed following the using the procedures described by Idriss and Boulanger in the paper titled "Semi-emprical procedures for evaluating liquefaction potential during earthquakes " dated January 2004 and the journ
article titled "Liquefaction Resistance of Soils: Summary report fromthe 1996 NCEER and 1998 NCEER/NSF Workshops on evaluation of liquefaction resistance of soils" by Youd and Idriss dated April 2001. For the ash pond dike, an 
acceleration value of 0.251 was selected based on the site-modified, short-period spectral acceleration from 2002 USGS probabilistic maps for 2% exceedence over 50 years. For the gypsum cell foundation, maximum acceleration value of 
0.134 was selected based on the site-modified, peak ground acceleration from 2002 USGS probabilistic maps for 2% exceedence over 50 years. USGS mapped earthquake probability indicated magnitude 6.85 earthquake for a return 

Note: Reported N-values are 
uncorrected field values

Plant Wansley Separation Dike and Temporary Gypsum Facility
Evaluation of Liquefaction Potential in SPT Test Borings and CPT Soundings

D-1

Depth

Separation Dike
prepared by Ben Gallagher, 8/5/2010

Temp. Gypsum Facility Foundation
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Plant Wansley Separation Dike by: Ben Gallagher
Pseudostatic Coefficent from USGS PSHA
Based on Bray and Travasarou (2007)

Height of Slope 105 ft a= 3.608236217
Shear Wave Velocity of Slide Mass (Vs) 1000 ft/sec b= 4.845939045

Period of Slide Mass (Ts) 0.42 sec Pseudostatic Analysis
1.5 Ts 0.63 sec Kh= 0.121 g

Earthquake Magnitude 6.85 M
Spectral Acc 0.251 g (Site Class C)

Allowable Crest Dispacement 2 in
episilon 0.66 (16% exceedance)

Plant Wansley Temporary Gypsum Dike by: Ben Gallagher
Pseudostatic Coefficent from USGS PSHA
Based on Bray and Travasarou (2007)

Height of Slope 20 ft a= 3.445710733
Shear Wave Velocity of Slide Mass (Vs) 1000 ft/sec b= 4.420323081

Period of Slide Mass (Ts) 0.08 sec Pseudostatic Analysis
1.5 Ts 0.12 sec Kh= 0.133 g

Earthquake Magnitude 6.85 M
Spectral Acc 0.335 g (Site Class D)

Allowable Crest Dispacement 2 in
episilon 0.66 (16% exceedance)

Confidential Business Information



Confidential Business Information



Confidential Business Information



Confidential Business Information



Confidential Business Information



Confidential Business Information



Confidential Business Information



0 20 40 60 80 100

qc [tsf]

0

2

4

6

8

10

12

14

16

18

20

22

24

26

28

30

32

34

36

38

40

42

44

46

48

50

52

54

56

58

60

62

64

66D
ep

th
 [f

t]

5.50

0 0.20 0.40 0.60 0.80 1.00

fs [tsf]

-0.50 0 0.50 1.00 1.50 2.00

u2 [tsf]

0 2 4 6 8 10

Rf [%]

0 10 20 30 40 50

N60 []

Test no:
WDAC1

Project ID:
SAV2-06-107

Client:
Southern Company

Project:
CPT at Plant Wansley

Position:Location:
Carrollton, ga

Ground level:

Date:
10/5/2006

Scale:
1 : 140

Page: 
1/1

Fig: 

File: 
WDAC1.cpd

U2

Sleeve area [cm2]: 150
Tip area [cm2]: 10
Cone No: 0

Gravelly sand to sand (7)

Clean sands to silty sands (6)

Silty sand to sandy silt (5)

Clayey silt to silty clay (4)
Clays; clay to silty clay (3)

Clays; clay to silty clay (3)
Clays; clay to silty clay (3)

Clays; clay to silty clay (3)
Clean sands to silty sands (6)
Silty sand to sandy silt (5)
Silty sand to sandy silt (5)

Silty sand to sandy silt (5)
Silty sand to sandy silt (5)

Silty sand to sandy silt (5)

Clays; clay to silty clay (3)

Clays; clay to silty clay (3)

Clays; clay to silty clay (3)

Clays; clay to silty clay (3)

Clays; clay to silty clay (3)

Clays; clay to silty clay (3)

Clays; clay to silty clay (3)

 Tip Resistance                                   Side Friction                                      Pore Pressure                                    Friction Ratio                                    Equivalent SPT N
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Test no:
WDAC2

Project ID:
SAV2-06-107

Client:
Southern Company

Project:
CPT at Plant Wansley

Position:Location:
Carrollton, GA

Ground level:

Date:
10/5/2006

Scale:
1 : 140

Page: 
1/1

Fig: 

File: 
WDAC2.cpd

U2

Sleeve area [cm2]: 150
Tip area [cm2]: 10
Cone No: 0

Gravelly sand to sand (7)

Clean sands to silty sands (6)

Clean sands to silty sands (6)

Silty sand to sandy silt (5)
Silty sand to sandy silt (5)

Silty sand to sandy silt (5)
Silty sand to sandy silt (5)

Silty sand to sandy silt (5)
Silty sand to sandy silt (5)
Silty sand to sandy silt (5)

Silty sand to sandy silt (5)

Clays; clay to silty clay (3)

Clays; clay to silty clay (3)
Clays; clay to silty clay (3)

Clays; clay to silty clay (3)

Clays; clay to silty clay (3)
Clays; clay to silty clay (3)

Clays; clay to silty clay (3)

Clays; clay to silty clay (3)

Clays; clay to silty clay (3)

Clays; clay to silty clay (3)

Clays; clay to silty clay (3)

Clays; clay to silty clay (3)

Silty sand to sandy silt (5)

 Tip Resistance                                   Side Friction                                      Pore Pressure                                    Friction Ratio                                    Equivalent SPT N
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Test no:
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Project ID:
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Project:
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Carrollton, GA

Ground level:
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Fig: 

File: 
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Sleeve area [cm2]: 150
Tip area [cm2]: 10
Cone No: 0

Gravelly sand to sand (7)
Clean sands to silty sands (6)
Clean sands to silty sands (6)
Silty sand to sandy silt (5)
Clean sands to silty sands (6)

Silty sand to sandy silt (5)
Silty sand to sandy silt (5)
Silty sand to sandy silt (5)

Clayey silt to silty clay (4)

Silty sand to sandy silt (5)

Clean sands to silty sands (6)
Clean sands to silty sands (6)
Clean sands to silty sands (6)
Clean sands to silty sands (6)

Clays; clay to silty clay (3)
Clays; clay to silty clay (3)

Clays; clay to silty clay (3)

Clays; clay to silty clay (3)

Clays; clay to silty clay (3)

Clays; clay to silty clay (3)
Clays; clay to silty clay (3)
Clays; clay to silty clay (3)

Clays; clay to silty clay (3)

Clays; clay to silty clay (3)

Clays; clay to silty clay (3)

Clays; clay to silty clay (3)

Clays; clay to silty clay (3)

Clays; clay to silty clay (3)
Clays; clay to silty clay (3)

Clays; clay to silty clay (3)

 Tip Resistance                                   Side Friction                                      Pore Pressure                                    Friction Ratio                                    Equivalent SPT N
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Sleeve area [cm2]: 150
Tip area [cm2]: 10
Cone No: 0

Gravelly sand to sand (7)
Clean sands to silty sands (6)

Clean sands to silty sands (6)
Silty sand to sandy silt (5)

Clayey silt to silty clay (4)

Clayey silt to silty clay (4)

Clayey silt to silty clay (4)

Silty sand to sandy silt (5)
Silty sand to sandy silt (5)

Clays; clay to silty clay (3)
Silty sand to sandy silt (5)

Clays; clay to silty clay (3)

Clays; clay to silty clay (3)

Clays; clay to silty clay (3)

Clays; clay to silty clay (3)

Clays; clay to silty clay (3)

Clays; clay to silty clay (3)

Silty sand to sandy silt (5)

Clays; clay to silty clay (3)

Organic soils-peats (2)

 Tip Resistance                                   Side Friction                                      Pore Pressure                                    Friction Ratio                                    Equivalent SPT N
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Test no:
WDAC5

Project ID:
SAV2-06-107

Client:
Southern Company

Project:
CPT at Plant Wansley

Position:Location:
Carrollton, GA

Ground level:
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Sleeve area [cm2]: 150
Tip area [cm2]: 10
Cone No: 0

Gravelly sand to sand (7)
Clean sands to silty sands (6)

Clayey silt to silty clay (4)
Clayey silt to silty clay (4)
Silty sand to sandy silt (5)
Silty sand to sandy silt (5)

Silty sand to sandy silt (5)

Clayey silt to silty clay (4)

Clays; clay to silty clay (3)

Clays; clay to silty clay (3)

Clays; clay to silty clay (3)

Organic soils-peats (2)

Silty sand to sandy silt (5)
Silty sand to sandy silt (5)

Organic soils-peats (2)

Organic soils-peats (2)

Organic soils-peats (2)

 Tip Resistance                                   Side Friction                                      Pore Pressure                                    Friction Ratio                                    Equivalent SPT N
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Test no:
WDAC6

Project ID:
SAV2-06-107

Client:
Southern Company

Project:
CPT at Plant Wansley

Position:Location:
Carrollton, GA

Ground level:

Date:
10/5/2006

Scale:
1 : 175

Page: 
1/1

Fig: 

File: 
WDAC6.cpd

U2

Sleeve area [cm2]: 150
Tip area [cm2]: 10
Cone No: 0

Gravelly sand to sand (7)

Clean sands to silty sands (6)
Clean sands to silty sands (6)

Clean sands to silty sands (6)
Silty sand to sandy silt (5)

Silty sand to sandy silt (5)
Silty sand to sandy silt (5)

Clays; clay to silty clay (3)
Silty sand to sandy silt (5)
Clays; clay to silty clay (3)
Clays; clay to silty clay (3)

Clays; clay to silty clay (3)

Clays; clay to silty clay (3)

Clays; clay to silty clay (3)

Clays; clay to silty clay (3)

Organic soils-peats (2)

Clays; clay to silty clay (3)

Clays; clay to silty clay (3)

Organic soils-peats (2)

Silty sand to sandy silt (5)

Silty sand to sandy silt (5)

 Tip Resistance                                   Side Friction                                      Pore Pressure                                    Friction Ratio                                    Equivalent SPT N
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Test no:
WDAC7

Project ID:
SAV2-06-107

Client:
Southern Company

Project:
CPT at Plant Wansley

Position:Location:
Carrollton, GA

Ground level:

Date:
10/5/2006

Scale:
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Fig: 

File: 
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Sleeve area [cm2]: 150
Tip area [cm2]: 10
Cone No: 0

Silty sand to sandy silt (5)

Clayey silt to silty clay (4)

Silty sand to sandy silt (5)
Silty sand to sandy silt (5)

Clays; clay to silty clay (3)

Clays; clay to silty clay (3)
Clays; clay to silty clay (3)
Clays; clay to silty clay (3)

Clays; clay to silty clay (3)

Clays; clay to silty clay (3)

Clays; clay to silty clay (3)

Clays; clay to silty clay (3)

Clays; clay to silty clay (3)

 Tip Resistance                                   Side Friction                                      Pore Pressure                                    Friction Ratio                                    Equivalent SPT N
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Test no:
WDAC8

Project ID:
SAV2-06-107

Client:
Southern Company

Project:
CPT at Plant Wansley

Position:Location:
Carrollton, GA

Ground level:

Date:
10/5/2006

Scale:
1 : 210

Page: 
1/1

Fig: 

File: 
WDAC8.cpd

U2

Sleeve area [cm2]: 150
Tip area [cm2]: 10
Cone No: 0

Gravelly sand to sand (7)
Clean sands to silty sands (6)

Clean sands to silty sands (6)

Clayey silt to silty clay (4)

Clayey silt to silty clay (4)
Clayey silt to silty clay (4)

Silty sand to sandy silt (5)

Silty sand to sandy silt (5)

Silty sand to sandy silt (5)

Clays; clay to silty clay (3)
Clays; clay to silty clay (3)
Silty sand to sandy silt (5)
Clays; clay to silty clay (3)

Clean sands to silty sands (6)

Clays; clay to silty clay (3)

Clays; clay to silty clay (3)
Clays; clay to silty clay (3)

Clays; clay to silty clay (3)

Clays; clay to silty clay (3)

Clays; clay to silty clay (3)

Silty sand to sandy silt (5)

Organic soils-peats (2)

 Tip Resistance                                   Side Friction                                      Pore Pressure                                    Friction Ratio                                    Equivalent SPT N
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Cone Penetration Classification 

The tip resistance (qc) is measured as the maximum force over the projected area of the 
tip.  It is a point stress related to the bearing capacity of the soil.  The measured qc must 
be corrected for porewater pressure effects (Lunne et al, 1997), especially in clays and 
silts where porewater pressures typically vary greatly from hydrostatic.  This corrected 
value is known as qt, which is reported in the Cone Penetration Test (CPT) Logs.  The u2 
position element is required for the measurement of penetration porewater pressures and 
the correction of tip resistance. The sleeve friction (fs) is used as a measure of soil type 
and can be expressed by friction ratio: FR = fs/qt.  
 
The estimated stratigraphic profiles included in the Cone Penetration Test (CPT) Logs are 
based on relationships between qt, fs, and u2. The normalized friction ratio (FRN) is 
calculated by using:  

%100
'0

×
−

=
vt

s
N q

f
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σ
 

and is indicative of soil behavior and is used to classify the soil behavior type.  Typically, 
cohesive soils, such as plastic silts and clays, have high FR values, low qt values, and 
generate large excess penetration porewater pressures.  Cohesionless soils, such as sands, 
have lower FR values, high qt values, and typically do not generate excess penetration 
porewater pressures. The following graph (Robertson, 1990) presents one of the accepted 
correlations used to classify soils behavior types.  
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Zone  Qt/N Description 

1 2 Sensitive Fine Grained 

2 1 Organic Soils-Peats 

3 1.5 Clays-Clay to Silty Clay 

4 2 Silt Mixture – Clayey Silty to Silty Clay 

5 3 Sand Mixtures-Silty Sand to Sandy Silt 

6 4.5 Sands-Clean Sand to Silty Sand 

7 6 Gravelly Sand to Sand 

8 1 Very Stiff Sand to Clayey Sand* 

9 2 Very Stiff, Fine Grained* 
 (* Heavily Overconsolidated or Cemented) 
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Photo 1: Upstream Slope adjacent to Gypsum Photo 2: Ash Pond inlet  

 Cells 

 

 

     

Photo 3: Separation Dike Crest facing North Photo 4: Close up where seeding occurred 

 

 



     

Photo 5: Ash Pond Inlet Photo 6: Separation Dike Crest downstream slope 

 

 

 

     

Photo 7: Separation Dike downstream slope Photo 8: Separation Dike upstream slope 

 



       

Photo 9: Separation Dike upstream slope Photo 10: Separation Dike downstream slope 

 

 

 

     

Photo 11: Separation Dike upstream slope Photo 12: Concrete ash piping support (not in use) 

 

 

 



      

Photo 13: Separation Dike upstream slope Photo 13B: Separation Dike upstream slope 

 

 

 

     

Photo 14: Separation Dike downstream slope Photo 15: Separation Dike left abutment upstream 

side 



     

Photo 16: Separation Dike left abutment Photo 17: Separation Dike left abutment  

upstream side downstream side 

 

 

 

 

     

Photo 18: Erosion maintenance Photo 19: Influent piping  

 

 



     

Photo 20: Piezometer DD Photo 21: Piezometer DD 

 

 

 

     

Photo 22: Separation Dike downstream slope Photo 23: Close up of downstream slope 

 

 

 



     

Photo 24: Downstream slope erosion repair Photo 25: Reservoir pond levels 

 

 

 

     

Photo 26: Influent piping facing Gypsum Cells Photo 27: Right abutment downstream slope 



     

Photo 28: Separation Dike downstream slope Photo 29: Right abutment facing reservoir 

 

 

     

Photo 30: Influent piping Photo 31: Piezometer BB 

 



     

Photo 32: Gypsum Cell upstream slope Photo 33: Gypsum Cell upstream slope 

 

 

 

     

Photo 34: Gypsum Cell downstream slope facing Photo 35: Gypsum Cell downstream slope facing 

Ash Pond Ash Pond 

  

 

 



     

Photo 36: Gypsum Cell Discharge Photo 37: Gypsum Cell upstream slope 

 

 

 

 

     

Photo 38: Gypsum Cell upstream slope Photo 39: Gypsum Cell upstream slope 



     

Photo 40: Gypsum Cell downstream slope Photo 41: Gypsum Cell downstream slope 

 

 

 

      

Photo 42: Western Dike downstream slope Photo 43: Western Dike downstream slope 

 

 



      

Photo 44: Western Dike downstream slope Photo 45: Western Dike overflow spillway 

 

 

 

     

Photo 46: Stormwater channel Photo 47: Stormwater channel discharge 

 

 



      

Photo 48: Western Dike upstream slope Photo 49: Western Dike upstream slope 

 

 

 

 

     

Photo 50: Area adjacent to Western Dike Photo 51: Area adjacent to Western Dike 



     

Photo 52: Stormwater Channel Photo 53: Western Dike upstream slope 

 

 

 

 

      

Photo 54: Potential undermining at overflow Photo 55: Potential undermining at overflow 



      

Photo 56: Cracking along overflow channel  Photo 57: Western Dike downstream slope 

 

 

 

 

          

Photo 58: Western Dike downstream slope Photo 59: Stormwater Pond Dam  

 



         

Photo 60: Stormwater pond Photo 61: Western Dike outlet at Stormwater pond 

 

 

 

 

 

          

Photo 62: Outlet at Stormwater pond Photo 63: Western Dike outlet 

 

 



 

Photo 64: Western Dike upstream slope and outlet 
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