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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 Wateree Station fly ash management unit is 

based on a review of available documents and on the site assessment conducted by Dewberry 

personnel on June 28, 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 Wateree Station ash ponds are 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 embarking on an initiative to investigate the 

potential for catastrophic failure of Coal Combustion Surface Impoundments (i.e. management unit) 

from occurring 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 will address 

management units that are classified a 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 if 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 

coal-combustion residuals or by-products, including, but not limited to, fly ash, bottom ash, boiler 
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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 potential 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 waster 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, one licensed in the State of South 

Carolina, for a one-day visit.  The two-person team met with the owner of the management unit as 

well as technical and several technical representative and management unit 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 
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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, that quantity of coal combustion residuals or by-

products that were stored or disposed in the 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. 

LIMITATIONS 

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. 
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1.0 CONCLUSIONS AND RECOMMENDATIONS 
 

1.1 CONCLUSIONS 
 

Conclusions are based on visual observations from the one-day site visit, review of 

technical documentation provided by South Carolina Electric & Gas Company (SCE&G), 

and review of state inspection reports.  

 

1.1.1   Conclusions Regarding the Structural Soundness of the Management 

Unit(s) 

 

Ash Pond 1 - The structural stability of the Ash Pond embankments appears to be in 

satisfactory condition. 

 

Ash Pond 2 - 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) 
 

 Ash Pond 1 - Adequate capacity and freeboard exist to safely pass the design storm. 

 

 Ash Pond 2 - Adequate capacity and freeboard exist to safely pass the design storm. 

 

1.1.3 Conclusions Regarding the Adequacy of Supporting Technical 

Documentation 

  

Ash Pond 1 and Ash Pond 2 - Supporting technical documentation is 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 

 

 Ash Pond 1 and Ash Pond 2 - Small diameter pines trees were beginning to 

establish and need to be routinely removed.  Pot holes along the crest had formed 

and were holding water that needs to be repaired.  Erosion is occurring along the 

upstream slope that needs to be addressed.  Past and present seepage areas need to 

be monitored.  There were no safety issues that were found, just maintenance items 

that need to be monitored. 
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1.1.6 Conclusions Regarding the Adequacy of Maintenance and Methods of 

Operation 

 

 Ash Pond 1 and Ash Pond 2 – It was stated during the field visit that the Wateree 

Station would begin monthly and annual inspections effective of July 2010.  

 

 1.1.7    Conclusions Regarding the Adequacy of the Surveillance and 

Monitoring Program 

 

 Ash Pond 1 and Ash Pond 2 - Existing surveillance and monitoring programs are 

adequate. 

 

 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 newly implemented maintenance and inspection programs. 

 

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 

 

 Ash Pond 1 and Ash Pond 2 - Vegetation should be cut or mowed on an as-needed 

basis to prevent the establishment of large woody-stemmed vegetation.  Pot-holes in 

the crest need repair and remediation to prevent water from ponding. 
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 1.2.6 Recommendations Regarding the Maintenance and Methods of 

Operation 
 

 Ash Pond 1 and Ash Pond 2 – Items in 1.2.5 need to be addressed.  The 

implementation of monthly and annual inspections should help with discovering 

maintenances problems before they become a safety hazard. 

 

1.2.7 Recommendations Regarding the Surveillance and Monitoring 

Program 

 

 Ash Pond 1 and Ash Pond 2 – The newly implemented monthly and annual 

inspections need to address monitoring any past or present seepage areas.  One 

inactive and two active seepage areas were identified by SCE&G during the site 

visit.   

 

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 

 

The Wateree Station and ash ponds are located near the town of Eastover, SC and adjacent 

to the Wateree River.  Figure 2.1 depicts a vicinity map around the Wateree Station, while 

Figure 2.1 b depicts an aerial view of the Wateree Station. 

 

 

  

Figure 2.1 a: Wateree Station Vicinity Map 
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Figure 2.1 b: Wateree Station Aerial View 

 

2.2 SIZE AND HAZARD CLASSIFICATION 

 

Ash Pond 1 - The ash pond is impounded by an earthen embankment system consisting of a 

combination of an incised and diked configuration.  The majority of Ash Pond 1 is incised 

with the exception of the internal dike.  The internal dike separates Ash Pond 1 from Ash 

Pond 2 (See Figure 2.2 or Appendix A, Doc 01: Plan View (Spatial Data).pdf).  Based on 

data provided by South Carolina Electric & Gas Company (SCE&G), the ash pond 

embankment system was originally constructed in 1970 to a maximum height of 21 feet, 

with upstream and downstream slopes of 2(H):1(V) and a minimum crest width of 

approximately 20 feet.  Ash Pond 1 is assumed to be completely full of ash according to a 

hydrologic and hydraulic study provided by SCE&G dated October 2006 (see Appendix A 

Doc: 02 Hydraulic Analysis.pdf).  At normal pool (104.7’), the impoundment capacity is 

2,000,000 cubic yards (1,240 acre-feet) and at the maximum pool (106.0’), the 

impoundment capacity is 2,260,000 cubic yards (1,401 acre-feet).  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).  

 

 

Ash Pond 1 

Ash Pond 2 

Wateree River 
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Ash Pond 2 - The ash pond is impounded by an earthen embankment system consisting of a 

combination of an incised and diked configuration.  There is one internal dike that 

separates Ash Pond 1 from Ash Pond 2 (See Figure 2.2 or Appendix A, Doc 01: Plan View 

(Spatial Data).pdf).  Ash Pond 2 is downstream of Ash Pond 1, which is full, therefore Ash 

Pond 2 receives a majority if not all of the wastewater flow into Ash Pond 1.  Based on 

data provided by South Carolina Electric & Gas Company (SCE&G), the ash pond 

embankment system was originally constructed in 1970 to a maximum height of 21 feet, 

with upstream and downstream slopes of 2(H):1(V) and a minimum crest width of 

approximately 20 feet.  Ash Pond 2 has an estimated remaining volume of 306 million 

gallons (940 acre-feet) as discussed in a report provided by SCE&G dated October 2006 

(see Appendix A Doc: 02 Hydraulic Analysis.pdf).  At normal pool (103.7’), the 

impoundment capacity is 1,871,000 cubic yards (1,160 acre-feet) and at the maximum pool 

(107.0’), the impoundment capacity is 2,279,000 cubic yards (1,413 acre-feet).  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).  

 

During the initial site visit, the flue-gas desulfurization (FGD) ponds and the landfill ponds 

were observed.  No documentation was provided on these units.  These newly constructed 

ponds were assumed to meet local codes and standards.  There were no indications of any 

safety concerns for these units.  

 

 
 

 

  

Figure 2.2: Ash Pond 1 & 2 Plan View 



Wateree Station 2-4 

South Carolina Electric & Gas Company Coal Combustion Waste Impoundment 

Eastover, South Carolina   Dam Assessment Report 

 

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 

 

 

 

Table 2.2b: Summary of Dam Dimensions and Size          

 

 

  Ash Pond 1 Ash Pond 2 

Dam Height (ft) 21 20 

Crest Width (ft) 20 (Min)  20 (min) 

Length (ft) Not Listed Not Listed 

Side Slopes (upstream) H:V 2(H):1(V) 2(H):1(V) 

Side Slopes (downstream) H:V 2(H):1(V) 2(H):1(V) 

Hazard Classification Low Low 

                                                                                                

 

Ash Pond 1 & 2 - A Hazard Classification has not been assigned by a regulatory agency, 

but based on observations, a classification of Low appears to be appropriate.  Per the 

Federal Guidelines for Dam Safety dated April 2004, a Low Hazard Potential classification 

applies to those dams where failure or mis-operation results in no probable loss of human 

life and/or environmental losses.  Losses are principally limited to the owner’s property.  

Considering the low probability of loss of life and/or environmental losses, should the fly 

ash dam system fail, a Federal Hazard Classification of Low appears to be appropriate for 

this facility (see Table 2.2c for Hazard classification criteria). 
 

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 

Ash Pond 1 - Per the South Carolina Department of Health & Environmental Control 

(SCDHEC) Permit issued August 29, 2008 (See Appendix A, Doc 03: NPDES Permit.pef), 

the ash ponds may receive the following wastewaters:  cooling tower blowdown, low 

volume wastes, ash transport wastewaters, landfill runoff/leachate, coal pile runoff, 

miscellaneous power plant wastewaters, and storm water.  Documentation was provided 

stating Ash Pond 1 occupies 80.65 acres.  The drainage area is assumed to be the surface 

area of the pond.  The maximum design storage capacity for Ash Pond 1 is approximately 

2,260,000 cubic yards (1,401 acre-feet). 

 

Ash Pond 2 - Per the SCDHEC Permit issued August 29, 2008 (See Appendix A, Doc 03: 

NPDES Permit.pef) Ash Pond 2 occupies 76.6 acres.  The drainage area is assumed to be 

the surface area of the pond.  The maximum design storage capacity is approximately 

2,279,000 cubic yards (1,413 acre-feet). 

 

 

Table 2.3: Amount of Residuals and Maximum Capacity of Unit* 

 

 

  Ash Pond 1* Ash Pond 2 

Surface Area (acre) 80.65 76.6 

Current Storage Volume (acre-feet) 1,240 1,160 

Max. Design Storage Capacity (acre-feet) 1,401 1,413 

 * Ash Pond 1 is assumed to be full 

 

2.4 PRINCIPAL PROJECT STRUCTURES 
 

2.4.1 Earth Embankment Dam 
 

Ash Pond 1 - The original materials used for construction of the ash pond were not 

provided.  Ash Pond 1 is mostly incised and therefore any failure in the structure 

would not result in a release.  (See Appendix A, Doc 05: Structural Report and 

Analysis). 

 

Ash Pond 2 - The original materials used for construction of the ash pond were not 

provided.  Geotechnical results show that the constructed embankment around Ash 

Pond 2 consists of mostly densely compacted clayey soils.  (See Appendix A, Doc 

05: Structural Report and Analysis). 
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2.4.2 Outlet Structures 
 

Ash Pond 1 – The outlet conduit is a 24-inch diameter corrugated metal pipe which 

discharges into Ash Pond 2.  At the time of the inspection the outlet structure was 

not accessible. 

 

Ash Pond 2 – The outlet conduit is a 36-inch diameter reinforced concrete pipe.  

The pipe discharges into a Parshall Flume which then flows into the Wateree River. 

 

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.  No critical infrastructures are 

within 5 miles downstream of the Wateree Station were located according the aerial map 

below.  Figure 2.5 shows aerial photography of the Wateree Station.  A map showing a 5 

mile radius provided by SCE&G can be found in Appendix A, Doc 10: 5 Mile Radius 

Downstream Map.pdf. 

 

 
 
Figure 2.5: Wateree Station Critical Infrastructure Map 
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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) 

 
 SCE&G is implementing monthly and annual inspections as of July 2010.  No reports or 

inspection reports were provided. 

 

3.2 SUMMARY OF LOCAL, STATE AND FEDERAL ENVIRONMENTAL 

PERMITS 

 

 The Ash Pond facility is under regulation by the South Carolina Department of Health & 

Environmental Control.  The discharges of the Ash Pond are permitted under the Federal 

National Pollutant Discharge Elimination System Permit (Permit # SC0002038). 

 

3.3 SUMMARY OF SPILL/RELEASE INCIDENTS (IF ANY) 

 

No spills or releases from the Ash Pond facilities have been noted by SCE&G 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 
 

 Ash Pond 1 - Original construction information was not provided for this facility.  

To the best of SCE&G’s knowledge, the facility was constructed in 1970. 

 

 Ash Pond 2 - Original construction information was not provided for this facility.  

To the best of SCE&G’s knowledge, the facility was constructed in 1970. 

 

 

4.1.2 Significant Changes/Modifications in Design since Original Construction 

 

 Ash Pond 1 – No significant changes/modifications were noted for Ash Pond 1. 

 

 Ash Pond 2 – No significant changes/modifications were noted for Ash Pond 2. 

 

4.1.3 Significant Repairs/Rehabilitation since Original Construction 

 

  

 No significant repairs/rehabilitation information was provided on Ash Pond 1 or 

Ash Pond 2 other than the riverbank stabilization described below. 

 

 A riverbank stabilization occurred onsite to protect the ash pond facility (which 

includes Ash Ponds 1 & 2).  Approximately 2,000 LF of riverbank was stabilized 

which also included adding fill along the embankment at Ash Pond 1.  See Figure 

4.1.3 below and Appendix A, Doc 06: Riverbank Stabilization Project.pdf for the 

complete documents. 
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  Figure 4.1.3: Riverbank Stabilization 

 

 

4.2 SUMMARY OF OPERATIONAL HISTORY 

 

4.2.1 Original Operational Procedures 

  

Ash Pond 1 and Ash Pond 2 – Based upon information provided and discussions 

with plant personnel, operational procedures have not changed and the original 

operation procedures are the same as the current ones (See 4.2.3).  

 

4.2.2 Significant Changes in Operational Procedures since Original Startup 

 

 Ash Pond 1 and Ash Pond 2 - No documentation was provided describing any 

significant changes in Operating Procedures. 
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4.2.3 Current Operational Procedures 
 

Ash Pond 1 - The ash pond collects and stores cooling tower blowdown, low 

volume wastes, ash transport wastewaters, landfill runoff/leachate, coal pile runoff, 

miscellaneous power plant wastewaters and storm water and discharges through a 

24” outlet into Ash Pond 2. 

 

Ash Pond 2 - The ash pond collects and stores effluent from Ash Pond 1 and 

discharges through a 36” outlet into the Wateree River. 

 

4.2.4 Other Notable Events since Original Startup 
 

 Ash Pond 1 - No additional information was provided. 

 

  Ash Pond 2 - 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, EIT performed a site visit on 

Monday, June 28, 2010.  The site visit began at 10:00 AM.  Weather was clear, hot and 

humid.  The overall visual assessment of the ash pond embankments were that they are in 

satisfactory condition, but some minor maintenance items need to be addressed.  Coal 

Combustion Dam Inspection Checklists created on June 28, 2010, by the two assessment 

engineers for the Wateree Station ash ponds are provided in Appendix B, Documents 1 and 

2.  Photographs from the site visit are provided in Appendix B, Document 4. 

 

5.2 EARTH EMBANKMENT DAM 
 

5.2.1 Crest 
 

 Ash Pond 1 - The crest was covered by a graded aggregate base material.  The crest 

had no significant signs of any rutting, depressions, tension cracks or other 

indications of settlement or shear failure, and appeared to be in satisfactory 

condition.  

 

 Ash Pond 2 - The crest was covered by a graded aggregate base material.  The crest 

had no significant signs of any rutting, depressions, tension cracks or other 

indications of settlement or shear failure, and appeared to be in satisfactory 

condition.  There were pot-holes holding water which required routine maintenance, 

but was not a current safety hazard. 

   

 
Figure 5.2.1: Ash Pond 2 Crest – Water Ponding 
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5.2.2 Upstream Slope 

 

 Ash Pond 1 – The upstream slopes are mostly vegetated with tall grasses and other 

wetland vegetation.  No scarps, sloughs, depressions, bulging or other indications of 

slope instability or signs of erosion were observed.  Ash Pond 1 is at full capacity 

and therefore most up the upstream slopes were not observed. 

 

 Ash Pond 2 – The upstream slopes are mostly vegetated with tall grasses and other 

wetland vegetation.  No scarps, sloughs, depressions, bulging or other indications of 

slope instability were observed.  Erosion was observed along the upstream slope at 

the southern embankment which requires maintenance. 

 

 
Figure 5.2.2: Ash Pond 2 Upstream Slope Erosion 

 

5.2.3 Downstream Slope and Toe 
 

 Ash Pond 1 – The downstream slopes are mostly vegetated with tall grasses and 

other wetland vegetation.  No scarps, sloughs, depressions, bulging or other 

indications of slope instability were observed.  Seepage was observed at two areas 

downstream of Ash Pond 1.  From visual observance, flow appeared clear and 

consistent, but requires further monitoring. 
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Figure 5.2.3a: Ash Pond 1 Downstream Seepage 
 

 

 Ash Pond 2 - The downstream slopes are mostly vegetated with tall grasses and 

other wetland vegetation.  No scarps, sloughs, depressions, bulging or other 

indications of slope instability were observed.  Pine trees (less than 2” in diameter) 

were observed along the downstream slope and toe.  This is not a safety hazard, but 

vegetation needs to be routinely mowed.  Reseeding needs to occur in areas where 

vegetation is bare (see Figure 5.2.3b). 

 

 
Figure 5.2.3b: Ash Pond 2 Downstream Slope 
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5.2.4 Abutments and Groin Areas 
 

The ash pond embankment consists of a combination of a dike and incised 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 
 

 Ash Pond 1 – No overflow structure is present. 

 

 Ash Pond 2 - The outlet structure was properly discharging flow from the pond and 

visually appeared to be in good condition. 

 

5.3.2 Outlet Conduit 

 

 Ash Pond 1 - The outlet structure was not accessible and therefore not observed. 

 

 Ash Pond 2 - The visual portion of the outlet conduit was functioning properly with 

no apparent deterioration. 

 

 
Figure 5.3.2: Ash Pond 2 Discharge into Wateree River 

 

5.3.3 Emergency Spillway (If Present) 

 

 Ash Pond 1 - No emergency spillway is present.  Overflow would overtop the 

interior dike and flow into Ash Pond 2. 
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 Ash Pond 2 – The impoundment’s spillway consists of two 42-inch diameter 

corrugated metal pipes and no problems were observed. 

 

 

5.3.4 Low Level Outlet 
 

 Ash Pond 1 - No low level outlet is present. 

 

 Ash Pond 2 - 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 
 

 Ash Pond 1 - No information was provided.  The ash pond is a diked embankment 

facility having a contributing drainage area equal to the surface area of the 

impoundment; therefore the impounded pool would not be anticipated to experience 

significant flood stages.  

 

 Ash Pond 2 - No information was provided.  The ash pond is a diked embankment 

facility having a contributing drainage area equal to the surface area of the 

impoundment; therefore the impounded pool would not be anticipated to experience 

significant flood stages. 

 

6.1.2 Inflow Design Flood 
 

 According to FEMA Federal Guidelines for Dam Safety, the 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 floodflow 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 low 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 hydrologic and hydraulic analysis report dated October 2006, it was stated the 

existing ash ponds will handle the 10-year, 24-hour rainfall event.  The detention 

time for the ponds under this event is approximately 8 days and as the report states, 

the pond volume “significantly exceeds” the daily flow rate for a 10 year, 24-hour 

rainfall event.  The 10-year, 24-hour rainfall event at the Wateree Station was 

deemed to be 6.25 inches.  (See Appendix A, Doc 02: Hydraulic Analysis). 

 

 Ash Pond 1 - During this event Ash Pond 1 would rise approximately 10 inches 

above Ash Pond 2, and the freeboard available from the maximum pool (elevation 

106.0’) to the dam crest (elevation 108.0’) is 2.0’.  The typically freeboard from the 

normal pool (elevation 104.0’) to the dam crest is 4.0’ (See Appendix A, Doc 07: 

Ash Pond 1.pdf).  The PMP 6-hour, 10 square mile rainfall depth is 30.5 inches.  

Adequate freeboard exists to store the PMP event. 

 

 Ash Pond 2 – There is approximately 1.0’ feet of freeboard available from the 

maximum pool (elevation 107.0’) and the dam crest (elevation 108.0’).  The 

typically freeboard from the normal pool (elevation 103.7’) to the dam crest is 4.3’ 

(See Appendix A, Doc 08: Ash Pond.pdf).  The PMP 6-hour, 10 square mile rainfall 

depth is 30.5 inches.  Adequate freeboard exists to store the PMP event. 

 

6.1.3 Spillway Rating 

 

 Ash Pond 1 - No spillway rating was provided.  The Fly Ash Pond is a diked 

embankment facility having a contributing drainage area equal to the surface area of 

the impoundment; therefore the impounded pool would not be anticipated to 

experience significant changes in elevation.  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. 

 

 Ash Pond 2 - No spillway rating was provided.  The Fly Ash Pond is a diked 

embankment facility having a contributing drainage area equal to the surface area of 

the impoundment; therefore the impounded pool would not be anticipated to 

experience significant changes in elevation.  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. 
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6.1.4 Downstream Flood Analysis 

 
 Ash Pond 1 and Ash Pond 2 - No downstream flood analyses were provided. 

6.2  ADEQUACY OF SUPPORTING TECHNICAL DOCUMENTATION 

 Ash Pond 1 and Ash pond 2 - Supporting technical documentation is sufficient. 

 

   

6.3 ASSESSMENT OF HYDROLOGIC/HYDRAULIC SAFETY 
   

 Ash Pond 1 - Adequate capacity and freeboard exists to safely pass the design 

storm. 

 

  Ash Pond 2 - 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 ash pond dated June 22, 2010, by F&ME 

Consultants for SCE&G, provides information on the stability analysis results and 

is presented in Section 7.1.4 Factors of Safety and Base Stresses.  Both steady state 

(normal) loading and earthquake loading conditions were analyzed.  See Appendix 

A (Doc 05: Structural Report and Analysis.pdf) for the complete report.   

 

7.1.2 Design Properties and Parameters of Materials 
  

 A report for the Wateree Station ash ponds was prepared by F&ME Consultants in 

2010.  The 2010 Engineering Report includes documentation of the shear strength 

design properties for the ash pond embankments.  The documentation is included 

within the drawings (an example is presented in the following section); see 

Appendix A (Doc 09: Embankment Cross Sections.pdf) for the full size drawings.  

 

 The strength parameters of the embankments are presented below.  The results 

present generally acceptable values for these types of materials. 

 

 
Figure 7.1.2: Embankment Cross Section 
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7.1.3 Uplift and/or Phreatic Surface Assumptions 
 

 Monitoring instrumentation devices have not been installed to verify water levels 

within the embankment.  The assumed phreatic surfaces are shown on the figure in 

section 7.1.2 above and the depiction seems appropriate for these types of 

structures.  No additional information was provided.   

 

 Ash Pond 1 - The normal water level of the pond was stated to be 104.0’.  This 

elevation was not verified. 

 

 Ash Pond 2 - The normal water level of the pond was stated to be 103.7’.  This 

elevation was not verified. 

 

7.1.4 Factors of Safety and Base Stresses 

 

A stability analysis report for the ash pond dated June 22, 2010, by F&ME 

Consultants, provides information on the factors of safety and comments on that 

information as presented below.  See Appendix A (Doc 5: Structural Analysis and 

Report.pdf) for the complete report.   

 

  Table 7.1.4: Factors of Safety 
 

 

 

   
 

7.1.5 Liquefaction Potential 

 

Liquefaction studies were included the  report for the ash pond dated June 22, 2010, 

by F&ME Consultants, See Appendix A (Doc 5: Structural Analysis and 

Report.pdf) for the complete report.   
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The report concluded that the foundation soil conditions do not appear susceptible 

to support liquefaction.   

 

The following is directly from the F&ME report with the results of the liquefaction 

analysis: 
 

“We have analyzed the liquefaction potential for the soil mass composing 

the ash pond containment structure embankments and foundation materials.  

The general conditions of the soil profile and our findings are as follows: 

 

• The solid composing the ash pond containment structure is 

predominantly low to moderate dense sandy clay underlain by 

sandy soils.  During the seismic design event, these sandy soils 

have the potential to liquefy. 

• Our analysis indicates liquefaction-induced permanent vertical 

settlements ranging from 0.1 to 3.0 inches, with the average being 

1.35 inches. 

• For a Magnitude 7.0 (Richter) earthquake event, the farthest 

documented liquefaction event to the epicenter is about 110 

kilometers (approximately 69 miles).  The Wateree Station facility 

is located beyond this distance from the epicenter of the 1886 

Charleston earthquake. 

• When exposed to the expected seismic event, ground surface 

ruptures are not likely.  Typically, the resulting phenomena will be 

in the form of small, localized surface depressions. 

 

In summary, our data and analysis indicates that detrimental liquefaction 

will not occur.” 

 

7.1.6 Critical Geological Conditions and Seismicity 
 

Ash Pond 1 & 2: No critical geologic conditions or seismic conditions are present at 

the site. 

 

A hydrogeologic report by General Engineering dated May 15, 1998 (See Appendix 

A, Doc: 04 Hydrogeologic Report.pdf) states the following: 

 

Regional Geology and Hydrogeology 

Previous regional studies indicate that this area is underlain by Precambrian 

crystalline basement complex, the Cretaceous age Middendorf and Black Creek 

formations, and the Paleocene age Black Mingo group, which consists of the 

Sawdust Landing and Lang Syne Formations.  The uppermost soils underlying the 

site are unconsolidated sediments deposited in the flood plain of the Wateree River. 
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The regional topography of the area gently slopes toward the Wateree River.  The 

western side of the river is mostly highland in the vicinity of the subject site with 

numerous tributaries which drain eastward, toward the river.  The eastern side of 

the river is flanked by wetlands with some highland. 

 

Site Geology and Hydrogeology 

 The uppermost sediments at the site are composed of relatively sandy clay 

overlain by clay at varying depths across the site.  The confining bottom clay is 

within the Black Mingo Group, and is suspected to be the Sawdust landing 

Formation.  Some isolated occurrences of clean sand are present.  These sands are 

potential preferential pathways for groundwater flow.  Groundwater is present from 

approximately 8 to 23 feet below land surfaces (bls), and the overall groundwater 

flow is toward the Wateree River. 

 

Based on USGS ground motion map web site, dated 2005, the facility is located in 

an area anticipated to experience a 0.361g acceleration with a 2-percent probability 

of exceedance in 50-years.  

 

7.2 ADEQUACY OF SUPPORTING TECHNICAL DOCUMENTATION 
 

 Ash Pond 1 - Original constructions drawings are not available, but the structural 

stability documentation provided is adequate. 

 

 Ash Pond 2 - Original constructions drawings are not available, but the structural 

stability documentation provided is adequate. 

 

7.3 ASSESSMENT OF STRUCTURAL STABILITY 
 

Ash Pond 1 - The structural stability of the ash pond appears to be satisfactory. 

 

Ash Pond 2 - The structural stability of the ash pond appears to be satisfactory. 

 

Based on the previous assessment reports/inspections provided by SCE&G, this assessment 

of the ash ponds is consistent with historical observations. 
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8.0 MAINTENANCE AND METHODS OF OPERATION 
 

8.1 OPERATIONAL PROCEDURES 
 

Ash Pond 1 and Ash Pond 2 - Operational procedures are adequate  

 

 

8.2 MAINTENANCE OF THE DAM AND PROJECT FACILITIES 

 

Ash Pond 1 and Ash Pond 2 – Maintenance of the dam and project facilities is adequate, 

although a few maintenance items need to be addressed.  

 

  

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 current maintenance procedures are inadequate to maintain the ponds and dike 

system so that dike material is not released to the environment.  A better program 

needs to be set in place. 
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9.0 SURVEILLANCE AND MONITORING PROGRAM 

9.1 SURVEILLANCE PROCEDURES 

 

Ash Pond 1 & 2 – Monthly and Annual inspections will begin in July of 2010.  The 

program is newly implemented, therefore no previous reports have been provided. 

 

9.2 INSTRUMENTATION MONITORING 
 

9.2.1 Instrumentation Plan 
 

 Ash Pond 1 and Ash Pond 2 - This facility does not have an instrumentation 

program. 

 

9.2.2 Instrumentation Monitoring Results 

 
 Not applicable 

 

9.2.3 Evaluation 

 

 Not applicable 

 

9.3 ASSESSMENT OF SURVEILLANCE AND MONITORING PROGRAM 

 

9.3.1 Adequacy of Inspection Program 

 

 Ash Pond 1 and Ash pond 2 - Newly Implemented Inspection program is adequate. 

. 

 

9.3.2 Adequacy of Instrumentation Monitoring Program 
 

 Not applicable 
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1.0 BACKGROUND 
 
 
The South Carolina Electric & Gas Company’s (SCE&G’s) Wateree Station, 
is a two-unit, coal-fired, steam-electric generating facility located on the 
Wateree River near Eastover, South Carolina in Richland County (see 
Figure 1).  Wastewater discharges from this facility are permitted under 
NPDES Permit No. SC0002038.  SCE&G is also constructing two multi-
cell, recirculated cooling towers to replace the once-through cooling 
system.  This project will result in the elimination of NPDES Outfalls 001 
and 002, the addition of Outfall 01A (an internal outfall), and an increased 
discharge flow rate at Outfall 03A. 
 
During the NPDES permit limit modification/renewal for Outfall 03A, the 
Steam Electric Effluent Guidelines limitations for the coal pile runoff can 
be developed in several different ways.  One way would be to apply flow 
weighted limits for the wet weather conditions, which could potentially 
result in two sets of limitations and prove tedious for compliance 
purposes.  Monthly compliance data would have to be separated into two 
groups for compliance. 
 
Alternatively, a limit for coal pile runoff may not be imposed if it can be 
shown that adequate treatment is being provided.  This is typically 
demonstrated by showing that there is sufficient detention based on the 
volume in the treatment pond(s) under worst case conditions (i.e., during 
a 10-year, 24-hour rain event).  If the pond volume exceeds the inflows, 
then the pond is expected to be adequate to assure compliance with the 
guideline limitations and preclude washout during wet weather 
conditions. 
 
Environmental Resources Management (ERM) surveyed the Wateree 
wastewater ponds, generated a site wastewater plan, evaluated the entire 
wastewater collection and treatment system, and compiled this report for 
two purposes. 
 
1. The first purpose of this report is to perform a hydraulic analysis to 

ensure that all downstream facilities are adequately sized to 
accommodate the additional flow resulting from the cooling tower 
(CT) blowdown.  (This report may be revised at a later date to 
consider the future ash landfill runoff.)  Based on the proposed 
location of the cooling tower blowdown line (into the Yard Sump 
discharge line for transfer to the Ash Ponds), this analysis only 
includes the overflow structure between Ash Ponds 1 and 2 and the 
discharge outlet structure at Outfall 03A.  It is assumed that the scope 
of work for the engineering firm that performed the cooling tower 
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design (Parsons E&C) included ensuring the Yard Sump and 
associated discharge line could accommodate this additional flow.  
ERM recommends that SCE&G confirm that the design of the line 
leading to Ash Pond #1 is sufficiently sized and will not result in an 
overflow at the Yard Sump due to increased head pressure from the 
new cooling tower discharge pumps.  

 
2. The second purpose of this report is to serve as a supplement to the 

SCE&G NPDES permit renewal application previously submitted to 
the South Carolina Department of Health and Environmental Control 
(SCDHEC).  The supplemental information will be submitted to 
SCDHEC to document that the combined, required detention volume 
of the Coal Pile Runoff Pond and the Ash Ponds is available to allow 
the method for permit limit development to remain as used in 
previous permits and assure compliance with the federal effluent 
guideline limitations. 

 
 

2.0 CURRENT OUTFALL 03A FLOWS (INCLUDING SITE STORM WATER) 
 
 
As shown in Figure 2, the Ash Ponds, which discharge through Outfall 
03A, currently receive wastewater/storm water from the following 
sources, except those labeled as “future:” 

• Coal Pile Runoff Pond 
• Unit #1 & #2 Ash Sluice Lines 
• Unit #1 & #2 Boiler Sumps (includes the Water Treatment Sump) 
• Yard Sump 
• Cooling Tower Area Sump (Future) 
• Ash Landfill Runoff (Future - not shown) 
 
Though the most recent Form 2C submittal (August 2004) indicated a 
daily maximum flow of 6.0 million gallons per day (mgd) for Outfall 03A 
for the combined discharge of these sources, to be conservative, 9.0 mgd 
was used for the detention time calculations.  9.0 mgd was the daily 
maximum flow from the 1998 Form 2C and was used for the 1998 pond 
detention evaluation.  Due to the fact that Outfall 03A includes site storm 
water as well as direct rainfall on the ponds, the 9.0 mgd discharge, which 
is considerably greater than the monthly average flow rate, possibly 
occurred during a significant storm event which may have exceeded a 10-
year, 24-hour storm.  Therefore, the hydraulic analysis conducted by ERM 
is based upon the addition of the CT Area Sump flow to the 9.0 mgd 
“process water” flow.   
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In addition, as shown in the “Wastewater/Storm Water Piping Plan” 
included as Appendix A, all of the remaining plant site areas drain to 
sumps or ponds that are pumped to Ash Pond #1.  Therefore, the storm 
water from these areas is included within the pumping capacities of the 
Cooling Tower Area Sump, Yard Sump, and Coal Pile Runoff Pond, and 
there was no need to route/model the site storm water runoff and 
conveyance system to consider peak storm flows as they are “equalized” 
by these lift stations. 
 
 

3.0 HYDRAULIC ANALYSIS FOR ADDITIONAL COOLING TOWER (CT) 
FLOW 
 
 
As stated previously, due to the addition of wastewater flow from the 
cooling tower area sump, the maximum flow rate capacity of the overflow 
structure between Ash Ponds #1 and #2 as well as the Outfall 03A 
discharge flume were evaluated to insure that their capacities will not be 
exceeded. 
 
Determination of Additional CT Area Flow 
 
Parsons E&C designed the entire recirculated CT system, and within their 
calculations, they determined the 10-yr, 24-hr rain event appropriate for 
the Wateree Station to be 6.25 inches.  While the previous detention time 
certification submitted to SCDHEC in 1998 specified that the 10-yr, 24-hr 
rainfall for Richland County as 5.7 inches, to be conservative, the 6.25-inch 
value was used.  This storm event resulted in a peak flow velocity of 11.2 
cfs (5,100 gpm) which was used to design the CT Area Sump and pumps.  
Parsons also determined the total volume collected during this storm to be 
40,320 cubic feet over a 12-hour period.  Refer to Parsons Apron Drainage 
Plan calculation (WATE-0-DC-048-CE-002) and Process Water Flow 
Balance (WATE-0-DB-043-001) included in Appendix B.  This information 
was also included in the Final Engineering Report submitted to SCDHEC 
for approval. 
 
In order to evaluate the additional CT area flow, the total volume of 40,320 
cubic feet was doubled to cover a 24-hour period and converted to mgd.  
This is conservative because the majority of the total flow volume from the 
10-yr, 24-hr storm event was determined to occur during a 12-hour period. 
 
 40,320 CF per 12 hours X 2 = 80,640 CF per 24 hours 
 80,640 CF per day = 603,000 gpd 
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Therefore, the calculations for the total daily flow rate used to perform the 
hydraulic analysis are as follows: 

 
Plant process and storm water   9.0 mgd 
(Unit #1 & #2 Ash Sluice, Unit #1 & #2 
Boiler Sumps, Yard Sump and CPR Pond) 

 
Cooling Tower Area Sump    0.6 mgd 
(Process Wastewater and Storm Water) 

 

Total       9.6 mgd 
 
 
Evaluation of Overflow Structure Between Ash Ponds #1 & #2 
 

As shown on Figure 3, the top of the 24-inch (assumed) transfer pipe 
inside the riser structure within Pond # 1 is submerged.  This condition is 
due to the level within Pond #2 being high enough to back up the 
equilibrium level in Pond #1.  During the site visit, the elevation in Pond 
#1 was 0.2 feet, or approximately 2.5 inches, higher than in Pond #2.  
Based on visual observation, we can reasonably assume that the rate of 
flow between the ponds was 4.4 mgd at that time, which is the average 
daily flow rate at Outfall 03A.  Therefore, the difference in elevation 
between the ponds can be assumed to represent the head loss for the 
water flowing from one pond to the next.  Based on the estimated 
maximum flow rate of 9.6 mgd (6,670 gpm), the height of Pond #1 would 
rise approximately 10 inches (0.83 feet) above the level in Pond #2.  This 
would result in a Pond #1 elevation of approximately 102.83 feet (102.00 
feet + 0.83 feet).  These estimated elevations presume a linear relationship 
between the rate of flow and the increase in head, which is reasonable in 
these circumstances.  Therefore, the capability of the 24” pipe to convey 
the additional flow being transferred from the cooling tower area sump 
from Pond #1 to Pond #2 is well within the capacity of the pipeline.  In 
addition, the available freeboard within Pond #1 will allow the operating 
level in Pond #1 to increase and provide the necessary head to transfer the 
flow into Pond #2. 
 

Evaluation of Outfall 03A Discharge Flume 
 

SCE&G supplied several drawings of the pH adjustment system and 
discharge at Outfall 03A, and based on those drawings, ERM determined 
that hydraulically, the Parshall flume, rather than the pH system 
discharge or the 36-inch pipe beneath the dike, would be the most 
restrictive component.  Based on the drawings supplied by SCE&G (refer 
to Figure 4), the throat width of the Parshall flume at Outfall 03A was 
determined to be 18 inches.  Based on this size flume, the maximum flow 
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capacity is 15.9 mgd (refer to flume discharge tables within Appendix C).  
When compared to the maximum calculated flow rate of 9.6 mgd, the 
flume should have more than enough capacity to effectively measure the 
discharge flow. 
 
 

4.0 POND VOLUMES 
 
 
Ash Pond #1 is assumed to be completely full of ash; therefore, detention 
for the coal pile runoff at NPDES Outfall 03A is provided primarily by 
Ash Pond #2, though a much smaller detention volume is also provided 
by the Coal Pile Runoff (CPR) Pond.  As shown in Appendix A, all of the 
runoff from the coal pile area enters the CPR Pond at two locations.  The 
level within the CPR Pond is maintained by a pump station automatically 
started/stopped by level controls. 
 

In order to determine the detention volume available within the CPR 
Pond and the Ash Ponds, ERM performed bathymetric surveys of all the 
wastewater and storm water ponds to obtain the water volumes between 
water surface and top of sediment.  The data was collected using a level, a 
boat, a depth finder, and a hand-held Global Positioning Station (GPS).  
The water surface was used as the benchmark elevation for each pond.  
All of the resulting data was transferred to a three-dimensional 
mapping/volume calculation program (Surfer(R) Version 7 - Sep 6, 2001).  
Figures 5 and 6 include graphical representations of the bathymetric 
surveys as well as the associated volume calculations generated by Surfer 
for the CPR Pond and Ash Pond #2.  Note that while the acreage for Ash 
Pond #2 was calculated to be 78.5 acres, the previous 80-acre value from 
the 1998 report was used.  Also, though not included within this report, 
the detention volumes of several smaller ponds which discharge to the 
CPR Pond, but do not contain coal pile runoff, were also surveyed.  Table 
4-1 below summarizes the data.   
 

Table 4- 1 Pond Volumes  
 SCE&G – Wateree Station 
 Richland County, SC  
  

 
 

Pond 

 
Area 
(ac) 

Average 
Depth 

(ft) 

Modeled 
Volume 

(million-cf) 

Modeled 
Volume 

(mg) 
CPR Pond 1.5 3 0.19 1.4 

Ash Pond 1 80 0* - - 
Ash Pond 2 80 12 40.9 306 

Total    307 
* Though some detention volume is available, it is assumed to be zero. 
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5.0 COAL PILE RUNOFF DETENTION TIME 
 
 
Direct Storm Water Flows 
 

As stated above, the 9.0 mgd maximum measured discharge value at 
Outfall 03A likely included a significant storm water contribution from 
the plant site and from rainfall directly on the ponds.  Regardless, for 
determining the coal pile runoff detention time, the flow resulting from 
the rain falling directly on the wastewater ponds (refer to Table 5-1) was 
considered separate from and added to the 9.0 mgd maximum discharge 
flow rate.  This approach is additionally conservative because it does not 
consider equalization of the storm surge within the ash ponds and 
assumes all of the storm water falling on Ash Pond #1, which is almost 
completely full of ash, runs off the ash and reaches the outfall.  This 
methodology was utilized to parallel the approach used within the 
previous certification submitted to SCDHEC December 1998. 
 

Table 5-1 Direct Rainfall Volume Calculations 
 SCE&G – Wateree Station 
 Richland County, SC  
  

 
 

Pond 

 
Area 
(ac) 

Direct 
Rainfall* 

(ft) 

 
Flow 

(ac-ft/day) 

 
Flow 
(mgd) 

CPR Pond 1.5 0.52 0.78 0.25 
Ash Pond 1 80 0.52 41.7 13.6 
Ash Pond 2 80 0.52 41.7 13.6 

Total    27.5 
 * Based on a 10-year, 24-hour storm event of 6.25 inches 

 

Therefore, the calculations for the total daily flow rate used to determine 
the detention time are as follows: 
 

Plant process and storm water   9.0 mgd 
(Unit #1 & #2 Ash Sluice, Unit #1 & #2 
Boiler Sumps, Yard Sump and CPR Pond) 
 

Cooling Tower Area Sump    0.6 mgd 
(Process Wastewater and Storm Water) 
 

Direct Rainfall on Ponds    27.5 mgd 
(CPR Pond and Ash Ponds #1 & #2) 
 
Total       37.1 mgd 
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Therefore, the total available detention time for the coal pile runoff is: 
 
Td = Vponds/Qin = (307 mg)/(37.1 mgd) = 8.3 days. 
 
Based on the (very conservative) calculated detention time of 
approximately eight days under worst-case conditions (i.e., during a 10-
year, 24-hour storm event), the pond volume significantly exceeds the 
daily flow rate.  Therefore, the coal pile runoff detention time will be more 
than adequate to assure compliance with the guideline limitations and 
preclude washout of the coal pile runoff during wet weather conditions.  
Therefore, an internal outfall and discharge limitations for coal pile runoff 
are not required for the coal pile runoff. 
 
(For reference, the previous permit rationale and an SCE&G letter dated 
September 26, 1998, indicated that the available treatment volume of the 
ponds was 363 million gallons (mg), while the coal pile runoff was 
estimated at 7.2 mg and the direct rainfall was estimated to be 27.1 mg). 
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B. COOLING TOWER BLOWDOWN

1. Design Conditions

Blowdown= Evaporation - (Cycles of concentration -1) X Drift / (Cycles of
concentration - 1)

Evaporation at:

Design Conditions: Evaporation 1.7
% of Cooling
Tower Flow

Cycles of concentration 6
Design Flow 170,000 gpm
Drift 8.5 gpm
Evaporation 2890 Use 2900

Blowdown 569.5 Use 580

2. Maximum Conditions

Evaporation at:

Maximum Conditions:
Evaporation

= 2.2
% of Cooling
Tower Flow

Cycles of concentration 5
Design Flow 170,000 gpm
Drift 8.5 gpm
Evaporation 3740 Use 3750

Blowdown 926.5 Use 950

C. SURFACE WATER

1. Rain Analysis

Process water that is splashed out of the cooling towers or droplets that are blown out of the
cooling towers by wind are collected in an area around each cooling tower basin to catch and
drain this water separate from the storm drain system. This ‘apron’ is 20 feet wide on three
sides and 30 feet wide on the riser side of the cooling towers. Water collected on the apron is
drained into an underground drains system which channels the water to the cooling tower area
sump for discharge with the rest of the process waste water. Also, water that is collected on the
foundations of the makeup filters, side stream filters, chemical building sump, and transformer
sumps in the electrical building are drained into the Area Sump; this includes rainwater.

john.durkee
Line
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Water from the side stream filter foundations is transported to the Area Sump by way of the
Cooling Tower Apron Drains system. The other drains are discharged directly into the Area
Sump.
Because rain will also be collected by the apron area, the apron drains system is sized to handle
rain water generated by the ten year storm. This system is analyzed in
calculation WATE-0-DC-048-CE-002.The calculation uses the rational basis for determining
the piping size by utilizing

Q=CiA, where:
Q= flow in CFS
C= coefficient of run-off
i= intensity (5 min basis)
A=area in acres

The results of this calculation are presented here:
a. Total Volume collected during storm 40,320 Cubic Feet (302,400 gallons)
b. Peak flow to sump (first 5 minutes) 11.2 CFS (5100 GPM)

Rainfall Drainage Into Area Sump
12 Hour Basis
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2. Sump In-Flow calculations are based upon the following assumptions:

The runoff produced by the storm is analyzed in calculation WATE-0-DC-043-ME-001. This
was modeled in the sump as follows:
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a. Storm occurs in 12 hour period.
b. Peak flow to sump occurs in first 5-minute period of storm, and greater than 50% of storm

volume occurs in the first hour, and then tapers off over the next 11 hours to give the total
volume generated during the storm.

c. Total volume from storm enters sump in 12 hours.

3. Sump Level analysis for this event is given in Attachment 7.

D. PIPE SYSTEM PRESSURE LOSSES / FLOWS

The piping systems used in the handling of process water and waste water are evaluated for flows,
pressure losses, and fluid velocities for the various operating scenarios that a system or equipment
component could operate in. These scenarios are depicted in Attachments 10 through 38. The bases
for these are discussed in this section.

1. Circulating Water - (Attachment 10)

The circulating water systems are shown on P&ID WATE-1-DW-461-302-001, -002, -003 for
Unit 1, and WATE-2-DW-461-302-001, -002, -003 for Unit 2.
The circulating water system is designed to provide 170,000 gpm of 90°F water from the
cooling tower basin through the steam turbine condensers. The pumps also provide flow for the
blowdown of the cooling tower and for the operation of the side stream filters. The pumps are
specified to supply one-half of the required flow of 174,000 gpm with a margin of 5% on flow
and discharge head, thereby giving a specified flow of 91,500 gpm per pump.

2. Makeup Water - (Attachments 11, 12, 13, & 14)

The makeup water system is shown on P&ID WATE-0-DW-511-302-001.
The makeup water system provides water to the cooling tower to makeup for the evaporation
and drift losses from the tower, blowdown from the towers to control the concentration of
chemicals within the circulating water, water for backwash of the makeup strainers, makeup
filters and replacement of the water used from the basin for backwash of the side stream filters
for both Units 1 & 2. There are two 100% makeup water pumps.
Daily Average makeup provides for normal filter backwashes of once per day for the makeup
filters and once per day for the side stream filters for each unit with single pump operation.
Only one filter of any one filter set is backwashed at any one time. See Attachment 11 for the
flow without backwash and Attachment 12 for the flow with filter backwash. Attachment 13
shows the capability of a single pump to provide water to the towers during periods of high
evaporation or maximum flow conditions.
During periods of high TSS in the makeup water, it is possible to operate both makeup pumps to
provide filtered makeup to the towers and water to blow down two makeup filters at a time, one
from each unit set of filters. See Attachment 14.

3. Process Waste Water to Existing Plant Drains –(Attachment 15)

The waste water to existing plant drains is shown on P&IDs WATE-1-DW-526-302-002 for
Unit 1 and WATE-2-DW-526-302-003 for Unit 2.
Existing Amertap ball strainers in the circulating water discharge from each plant will be
relocated in new pits constructed external to the existing plant building. The new circulating

john.durkee
Oval
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EXECUTIVE SUMMARY 
 

 
A Structural Stability Analysis has been completed for the perimeter containment system of Ash Ponds 1 
and 2 at the Wateree Station.  The following is a summary of the findings and conclusions of our Site 
Subsurface Investigation and Structural Stability Analysis. 

 
1. The perimeter containment system for Ponds 1 and 2 has been characterized into three unique 

segments: 
 

A. Segment 1: River bluff along the eastern sides of Ponds 1 and 2 paralleling the Wateree 
River. 

 
B. Segment 2: Constructed embankment, which forms the south side of Pond 2. 
 
C. Segment 3: The remaining perimeter of the ponds, western perimeter of Ponds 1 and 2 

and the northern perimeter of Pond 1, where the ponds are constructed below original 
grade (incised). 

 
NOTE:  See Figure CSCS-1 

 
2. Based upon our integration of all the data gathered during our investigations, slope stability 

analyses were performed in “worst case” areas of Segment 1, River Bluff, and Segment 2, 
Constructed Embankment, of the containment system. 

 
3. Segment 3 was not analyzed for slope stability since it is an incised section and any structural 

instability would be contained within the pond and would not result in the release of ash.  We do 
point out that based on our analysis of the other segments, Segment 3 is statically and seismically 
stable. 

 
4. Federal Energy Regulatory Commission Dam Guidelines were utilized to establish design factors 

of safety. 
 
5. United States Geologic Survey Seismic Criteria were utilized to determine maximum ground 

acceleration for our seismic analysis. 
 

6. There have been no historical slope stability issues within the perimeter containment system. 
 

7. The perimeter containment system exceeds all minimum factors of safety for design static 
loading. 
 

8. The perimeter containment system exceeds minimum factors of safety for the assumed seismic 
event loading condition. 
 

9. During the assumed seismic event, liquefaction of the foundation soils could occur.  Maximum 
liquefaction induced settlement will be about three inches.  The settlement is expected to occur 
over a broad area extending beyond the pond perimeter and to be uniform in nature.  The 
magnitude of anticipated differential settlement would not create instability of the perimeter 
containment system. 
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1.0 Introduction 
 

F&ME Consultants has performed a subsurface investigation and structural stability analysis for 
the perimeter containment system of the ash pond system at the Wateree Power Generating 
Station.  Wateree Station is located adjacent to the Wateree River in southeastern Richland 
County, South Carolina.  The ash pond system contains two ponds identified as Pond 1 and Pond 
2. 
 
The scope of our investigation and analysis included: 
 

Field Investigation 
 
 Geophysical Surveys: Electrical Resistivity Imaging, Ground Penetrating Radar, and 

Seismic Refraction Survey 
 
 Stratigraphic Boreholes (Without Groundwater Sampling): Continuously Sampled 

Borings Using Rotosonic Drilling, Piezocone Soundings, and Shallow Hand Augers 
 
 Topographic Survey: Detailed On-The-Ground Survey to Locate All Data Points, 

Develop Typical Cross-Sections, and Tie in With Existing Aerial Topographic 
Survey 

 
Analysis 

 
 Characterization of Ponds 1 and 2 Perimeter Containment System 
 
 Analyze Field Investigation Data and Integrate Into Analytical Models 
 
 Analyze the Perimeter Containment System for Static and Seismic Stability 

 
This scope of work was accomplished by performing a detailed geophysical investigation to 
identify areas for further geotechnical exploration.  Submitted herein is the report of the detailed 
geophysical investigation, the geotechnical exploration, detailed topographic survey data with 
stationing, a summary of our findings, and the results of our analysis of the structural stability of 
the ash pond containment system. 
 
With respect to static and seismic stability evaluations, our field investigations and analyses were 
performed in general accordance with Federal Energy Regulatory Commission (FERC) 
publication guidelines for embankment dams (Embankment Dams of the Federal Energy 
Regulatory Commission, Chapter IV, April 1991) and the United States Society on Dams (USSD) 
publication (Strength of Materials for Embankment Dams, February 2007).  Submitted herein is 
the report of our investigations, analyses, and findings. 
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1.1 General Description of Area 
 

Wateree Station is a 700-megawatt coal-fired power station owned by SCE&G.  The 
station is located on the Wateree River near the town of Eastover, South Carolina.  The 
plant began operation in 1970 and is located in Richland County, South Carolina.  It 
burns approximately 250 tons of coal per hour when running at full capacity.  Coal waste 
from the plant operations is stored and processed in a series of two ponds.  The ponds are 
designated as Ash Pond 1 (Pond 1) and Ash Pond 2 (Pond 2), with Pond 1 being used for 
coal ash sluicing activities and Pond 2 being used as a polishing pond.  Water is 
discharged into the Wateree River in accordance with the facilities wastewater permit 
(NPDES Permit Number SC0002038).  The ponds are approximately eighty acres each. 
 
The land where Wateree Station is located was previously owned by the Lawrence Stone 
& Gravel Company, Inc.  Indications are that river gravel and sand were quarried using 
open pit mining.  SCE&G acquired a 181-acre tract from the Lawrence Stone & Gravel 
Company, Inc., which included at least one open pit.  The open pit was modified for use 
as ash storage.   

 
1.2 Initial Pond Containment Structure Characterization 

 
Based upon location and composition, the ash pond containment system exists in three 
distinct segments.  1) The existing River Bluff that makes up the north and east sides of 
Ponds 1 and 2.  This segment has well-maintained grass and moderate tree growth along 
the river and the existing river bluff.  2) The constructed embankment on the south and 
west sides of Pond 2.  This segment has a simple earthen embankment covered by well-
maintained grass.  The embankment does not exceed 24 feet in height at any location.  
There are a minimal number of very small trees and no heavy woody growth on the 
constructed embankment.  3) The remaining perimeter of the ponds where the 
containment is below original grade (incised). 
 
There is a road surfaced with gravel and ash that traverses the perimeter of the ponds with 
the exception of the west side of Pond 1. 

 
  

2.0 Site Geology 
 
The project site is geographically located in Richland County, South Carolina and is situated near 
the boundary between the Middle and Upper Coastal Plain Physiographic Provinces.  The Coastal 
Plain consists of a wedge of sedimentary deposits, which starts at the Fall Line and becomes 
progressively thicker moving toward the Coast.  The deposits in this area generally consist of 
sands, silts, and clays, which have eroded from the Piedmont Province.  Some of these 
sedimentary materials have been consolidated/indurated and are expressed as siltstone and 
mudstone.  This wedge of sedimentary materials overlying the crystalline rocks of the Piedmont 
is approximately 650 feet thick in the project area.  The site is also situated north of the 
confluence of the Wateree and Congaree Rivers.  Both rivers have influenced the local geology of 
the site, and repeated meanderings of the river systems over time have deposited various 
sedimentary sequences including channel deposits (clean sands and gravels) and flood plain 
deposits (silt and clay materials). 
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The site is overlain by the shallow surface Congaree River Valley Terrace Complex (layered 
fluvial deposits) and underlain by the Sawdust Landing Formation.  The Sawdust Landing 
Formation is generally consolidated sandy clay/clayey sand and functions as an aquitard below 
the surficial aquifer, preventing/limiting downward flow.  The depth to this formation varies 
across the site, from approximately 25 feet below ground surface along the Wateree River to 
approximately 50 feet to the southwest of Pond 2.  This southwest dip of the Sawdust Landing 
Formation was probably cut down due to the past meandering of the Congaree River. 
 
The prevailing regional flow of shallow ground water, above the Sawdust Landing Formation will 
be generally south to southeast toward the Wateree and Congaree Rivers.  The occurrence and 
flow of the shallow ground water will fluctuate substantially depending upon climatic conditions. 
 
 

3.0 Site Seismicity 
 

The records for seismic activity in the southeastern United States cover a span of about 300 years 
and consist mostly of non-instrumented data.  The seismic activity in the southeast is also 
infrequent.  Because of the infrequency of southeastern earthquakes and the lack of statistical 
data, little basis exists for development of typical seismic design response spectrums.  Unlike 
earthquakes of California, southeastern earthquakes have not caused ground surface ruptures, 
which make it difficult for geologists to predict active fault locations. 
 
The earthquake that occurred in 1886 in the Coastal Plain Physiographic Province near 
Charleston, South Carolina dominates the seismic history of the southeastern United States.  It is 
the largest historic earthquake in the southeastern United States with an estimated moment 
magnitude, MW, of 7.3 (Richter scale).  The resulting earthquake damage area with a Modified 
Mercalli Intensity Scale of X (X being the highest degree of ground shaking and damage to 
structures on the Mercalli Scale) is an elliptical shape approximately 20 by 30 miles trending 
northeast between Charleston and Jedburg, South Carolina, including Summerville and roughly 
centered at Middleton Place.  The intraplate (i.e. areas of the earth’s crustal tectonic plates not 
associated with plate-to-plate tectonic boundaries) epicenter of the 1886 Charleston earthquake 
and its magnitude is not unique in the central and eastern United States.  Other intraplate 
earthquakes include those at Cape Ann, Massachusetts (1755) with a MW of 5.9, and Madrid, 
Missouri (1811-1812) with MW of at least 7.7. 
 
US Geological Survey methodology and mapping were utilized to establish ground accelerations 
for our analysis.  The data utilized in our analysis is discussed further in this report.  A copy of 
the USGS methodology and mapping is included in Appendix F. 
 
 

4.0 Historical Records Review 
 
During our investigation, F&ME reviewed aerial photography of the area that includes Wateree 
Station.  We used black and white aerial photographs that were taken from 1938 to 1981, as well 
as a color satellite image taken in 2006.  The available aerial photography shown in Appendix E 
was acquired from the University of South Carolina’s Thomas Cooper Library.  These aerial 
photographs are dated 1938, 1943, 1951, 1963, 1970, and 1981.  The satellite image was obtained 
from Google Earth. 
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The 1970, 1981, and 2006 photographs show the power plant, Pond 1, and Pond 2 in relationship 
to the Wateree River.  The remaining photographs show the overgrown previous areas of strip 
mining operations and the adjacent river.  Once the aerial photographs were reviewed, it was 
determined that the Wateree River has not meandered far from its present course in the span of 
the 68 years for which we have aerial photography; however, the land development has changed. 
 
 

5.0 Field Investigation 
 

Our investigation work plan consisted of four principal elements:  a detailed topographic survey, 
a geophysical investigation, a geotechnical exploration, and a subsurface characterization. 
 
A detailed topographic survey of the containment system was performed by a registered South 
Carolina Land Surveyor to develop a system of stationing that allows for accurate location of 
both the geophysical investigation and geotechnical exploration data. 
 
In addition to the stationing set up along the perimeter, a 100-foot grid was established such that a 
contour map was produced.  Cross sections of Segments 1 and 2 of the containment structure 
were created on 100-foot intervals.  Once the topographical survey was completed, an existing 
aerial topographical survey provided by SCE&G was combined with the detailed survey 
described above.  By recording all fieldwork and critical work elements on a topographical 
survey, we have created a baseline of information such that future investigations, if necessary, 
can be performed with a high degree of repeatability at the same locations.  The geophysical 
investigation consisted of two-dimensional electrical resistivity imaging, three-dimensional 
electrical resistivity imaging, and ground penetrating radar scans.  After analyzing the field data 
from our geophysical investigation, our geotechnical exploration was performed.  This 
exploration consisted of stratigraphic borings with continuous vertical sampling drilled using 
rotosonic drilling techniques, cone penetrometer soundings, and shallow hand auger borings.  
Standard soil index tests, plasticity index (Atterberg Limits), and grain size distribution were 
performed on samples collected during boring operations.  Utilizing all of the field data, a 
subsurface characterization was developed. 
 
5.1 Geophysical Investigation 

 
For the initial field investigation, F&ME selected four geophysical investigation 
techniques as our primary investigation methods.  These were two-dimensional electrical 
resistivity imaging, three-dimensional electrical resistivity imaging, ground penetrating 
radar, and seismic refraction.  The main objective of our geophysical investigation was to 
provide a continuous indication of subsurface conditions beyond that which can be 
inferred from widely spaced test borings.  The results from the geophysical investigation 
were used to select locations for borings and soundings as a part of the geotechnical 
exploration.  Borings and soundings from the geotechnical exploration were used to proof 
the geophysical data allowing additional refinement and interpretation. 
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5.1.1 Two-Dimensional Electrical Resistivity Imaging 
 
F&ME utilizes the SuperSting Earth 
Resistivity System manufactured by 
Advanced Geosciences, Inc. (AGI).  The 
system consists of the SuperSting eight-
channel resistivity meter and a multi-
electrode cable with 42 electrodes at nine feet 
spacing and an automatic switching unit.  The 
eight channels allow eight resistivity 
measurements to be taken simultaneously.  
The electrodes are “grounded” at the desired 
design electrode spacing utilizing steel spring 
clips and stakes pushed into the ground 
subgrade.  
 
The basic principle of electrical resistivity imaging (ER) is that all materials have 
physical characteristics, which determine how well, or poorly, the material can 
conduct an electrical current.  The current is injected at two points and then 
measured at other pre-determined points depending upon the array arrangement 
for the selected in-situ measurement methodology.  Analysis of the potential 
electrical current drops between electrodes using a finite difference algorithm 
allows a determination of the resistance of the subsurface material (expressed as 
ohms per meter). 
 
Resistivity values of soil and rock are affected by mineral composition, porosity, 
moisture, dissolved electrolytes, and temperature.  See Appendix D for a table of 
expected resistivity values.  Soils generally have low resistivity values, whereas 
rock has a relativity high resistivity value.  A soil or rock resistivity can vary 
greatly depending on whether it is wet or dry.  Because of overlap in the range of 
resistivity for various materials, this method is used in conjunction with other 
geotechnical methods to verify data interpretation. 
 
The “resolution” that the ER equipment can detect is a function of the electrode 
probe spacing.  In general, objects and specific soil strata that are smaller or 
thinner than one-half the individual electrode probe spacing may not be easily 
discernable.  The depth of investigation that ER data acquisition is capable of is a 
function of the total survey line length.  The depth that can be interpreted with a 
reasonable resolution is approximately one-fourth to one-fifth of the total survey 
line length. 
 
Points to remember when reviewing the data collected from resistivity surveys 
are as follows: 

 
 The resistivity imaging technique is “side-looking.”  This results in the 

fact that while the ER profiles depict a vertical slice, roughly 
perpendicular to ground surface, the indicated anomalies may be located 
to either side of the survey line. 
 

 The resistivity image may be distorted by unknown formations. 
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 Constructed objects at ground surface (e.g., metallic fencing, power 
lines, grounding systems, etc.) and below ground (e.g., metallic 
pipelines, bridge steel piling, foundation reinforcing steel, etc.) will 
provide “artificial” high conductivity values. 

 
 Clay layers at ground surface or below grade with relatively high electro-

chemical, conductivities can “mask” deeper soil and rock strata. 
 

 The resistivity image is a picture in terms of electrical resistivity and not 
a true picture of subsurface strata as we are accustomed to visualizing 
(i.e., pseudo-section). 

 
 The electrical resistivity of the strata will slightly change depending on 

the electrode signal configuration. 
 
For this project, two-dimensional resistivity was used to develop an initial 
indication of the stratigraphy of the containment structures.  The ER imaging will 
indicate areas of low resistivity, which could represent areas of high hydraulic 
conductivity.  Although electrical resistivity cannot definitively determine soil 
type and strength, it can show the stratigraphy of the soil.  F&ME conducted two-
dimensional resistivity testing around the entire Segment 1 and Segment 2 
containment perimeter.  The two-dimensional resistivity lines were overlapped 
by seven electrodes in order to generate a continuous two-dimensional image of 
the subsurface at a continuous depth.  The layout of the two-dimensional survey 
runs continuous around the perimeter and runs parallel to the centerline of the 
containment structure as much as possible.  The only gap in the electrical 
resistivity lines was near the outfall structure.  This was due to a chain link fence, 
which runs parallel to the containment structure at that location.  The highly 
conductive fence will distort the ER image.  The earthen embankment that 
separates the two ponds was not scanned. 
 
Shown below are examples of the two-dimensional resistivity images taken from 
this survey.  ER Line 5 is located along the containment structure in the area of 
Seeps A and B.  The vertical axis indicates the elevation and the horizontal axis 
indicates the horizontal distance along the scan.  Each block on the horizontal 
axis at the top of the image represents the location of an electrode.  The color 
scale on the right shows the resistance values for each color shown on the image.  
Resistivity images can have their color scales changed to better enhance certain 
features or to highlight a certain layer.  The following images illustrate a 500-
ohm scale and a 100-ohm scale.  Note that when the scale is changed from the 
500-ohm scale to the 100-ohm scale, it highlights the areas of lowest resistivity. 

 

ER Figure 1 
(ER Line 5) 

 

500 Ohm Scale 
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ER Figure 2 
(ER Line 5) 

 
When analyzing the two-dimensional electrical resistivity data, we specifically 
focused on the areas of lowest resistivity within that electrical resistivity section.  
In the image above (ER Figure 2), the area of lowest resistivity occurs between 
72 feet and 126 feet measured horizontally from left to right.  A boring located in 
this area verified that clean sand existed here and that the low resistivity 
coincided with high hydraulic conductivity.  Such correlations were utilized 
when reviewing the other electrical resistivity images. 
 
When interpreting ER Data, the colors in the various line scan images do not 
universally coincide with a particular soil type.  The image portrays apparent 
resistivity, which, as noted, will be affected by such factors as soil composition, 
moisture, and electrolytes in the moisture and must be proofed with a test boring.  
Once a soil type is correlated with an apparent resistivity, interpretations of 
changes in that soil can be predicted with the ER scans. 
 

5.1.2 Three-Dimensional Electrical Resistivity Imaging 
 

In addition to conducting two-dimensional electrical resistivity surveys, F&ME 
also conducted three-dimensional electrical surveys.  The SuperSting Earth 
Resistivity System as described above was utilized.  Instead of placing the 
electrodes in a straight line, the electrodes are placed in rectangular grid.  For this 
project, we selected a two electrode by 21-electrode grid, a three electrode by 14-
electrode grid, and a four electrode by 10-electrode grid.  The spacing between 
the electrodes for the three-dimensional scans was set at five feet in order to 
increase the resolution of the image.  Three-dimensional ER scans have the same 
limits as two-dimensional scans, but instead of the image showing a slice of the 
area, the image represents a certain volume of soil.  Another important point to 
keep in mind is that the resistivity of an area will be different between the two-
dimensional and the three-dimensional images.  This is due to the electrode 
configuration as well as the signal configuration.  Comparison of two three-
dimensional resistivity profiles is viable provided they use the same scale, the 
same electrode configuration, and the same signal configuration. 

100 Ohm Scale
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In viewing the data gathered in 
a three-dimensional resistivity 
scan, there are multiple 
viewing options.  The first 
presentation option shown on 
the right is to depict the scan as 
a solid box.  This is a good 
presentation form if the layers 
are consistent.  Before 
choosing this form, the entire 
image will be viewed scan line 
by scan line searching for 
anomalies or other 
disturbances in the middle layers.  If there are appreciable amounts of anomalies 
in the interior of the box or if there is a specific feature of interest in an interior 
scan, this style of image presentation would not be used. 

 
The second option for 
viewing the three-
dimensional electrical 
resistivity data, as shown on 
the left, is called dynamic 
slice image.  This format is 
an excellent way to pinpoint 
a localized anomaly that is 
not persistent through the 
entire scan.  In this scan for 
instance, the area of high 

resistivity shown in red would not have been visible using the solid box image.  
The dynamic slice model allows us to show the layer where the anomaly occurs 
and remove the front and side layers that would block the area of interest from 
being seen.  In a similar manner to the solid box image, the depth at which the 
resistivity changes and the approximate size of the layers of each resistivity layer 
can be estimated. 
 
The third viewing option, 
shown on the right, is the 
contour plot image.  This style 
of presentation is useful in 
showing where the layers of 
resistivity change.  This allows 
a view of the entire grid while 
still achieving some 
transparency through the image.  
In addition, this style of image 
is useful for isolating vertical 
changes in resistivity such as a post in the ground.  This is also a useful format 
when there is a large number of changes in resistivity in the given grid volume.  
The primary drawback to this type of grid is that it can appear quite convoluted 
and there is no blending of the layers. 
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During our investigation, we gathered three-dimensional electrical resistivity data 
at six selected locations.  All of these locations were centered on borings in order 
to develop a correlation between the electrical resistivity and the boring data.  
Due to the limited open area of the containment structure, we were not able to 
use the larger six electrodes by seven-electrode array.  Not having the space for 
this array limited the depth of our data. 
 

5.1.3 Ground Penetrating Radar 
 
Another investigation tool used on this project was Ground Penetrating Radar 
(GPR).  The GPR works by sending a pulse of electromagnetic energy at a 
controlled frequency into a material and recording the strength and the time 
required for the return of the reflected signal.  A group of these pulses together 
forms a profile.  The antenna receives the electrical pulse produced by the control 
unit, amplifies it, and transmits it into the area being surveyed at a particular 
frequency.  Antenna frequency is a major factor in depth penetration.  The higher 
the frequency of the antenna, the shallower into the ground (or the surface to be 
scanned) the electrical pulse will penetrate.  The depth penetration of the GPR is 
limited in wet weather or wet surface conditions, in clayey and silty soil strata, 
and in areas of shallow groundwater depths.  F&ME uses the GPR with a 
combination of 400 MHz and 200 MHz antennas depending upon the materials 
anticipated as well as the depth desired to be scanned.  F&ME uses Geophysical 
Survey Systems, Inc. equipment and the associated RADAN GPR software to 
process and further evaluate the field GPR data.  
 
F&ME performed GPR scans on the River Bluff segment of the perimeter 
containment system.  A five to seven foot layer of clay on the surface masked the 
reflection of the electromagnetic energy and therefore limited the ability to gather 
meaningful data from the GPR scans.  F&ME scanned with both 400 MHz and 
200 MHz antennas without success.  Multiple scans were performed before this 
determination was reached. 

 
5.1.4 Seismic Refraction Survey 
 

Spectral Analysis of Surface Waves (SASW) is a geophysical technique that 
measures the velocity of shear waves as they travel through the earth’s surface.  
This method is based on the physical characteristics of different materials 
refracting energy at different velocities.  The shear waves can be active, 
purposely generated by an impact (such as striking a plate with a sledgehammer), 
which is a known distance from a geophone array or can be passive, using 
ambient cultural noises such as vehicular traffic, heavy equipment operations, or 
industrial activities. 
 
Shear wave measurements allow the user to define site-specific conditions such 
as ground spectral earthquake response.  Building codes often require shear wave 
velocity measurements for use in foundation designs.  Shear wave velocities are 
dependent on the shear strengths of the subsurface materials and allow one to 
calculate elastic properties, including Young’s Modulus, Shear Modulus, Bulk 
Modulus, and Poisson’s ratio.  SASW surveys, when combined with other 
geotechnical methods allow for a greater understanding of the subsurface. 
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Four SASW surveys were conducted along the containment structure on March 
31, April 1, and 2, 2010.  The arrays utilized 15-foot spacing between geophones 
and used 16 geophones for a total array length of 225 feet.  Data was collected in 
the active and passive modes.  Arrays 1 and 4 were performed parallel to the 
river, starting at Stations 24+00 and 38+00 respectively.  Arrays 2 and 3 were 
performed along the top of the manmade section of the containment structure, 
starting at Stations 62+00 and 69+00 respectively. 
 
Array 1 had an average shear wave velocity in the upper 100 feet of the soil 
profile (Vs100ft) of 1,176 feet per second.  There was a drop in velocity at 
approximately 10 feet that corresponded to the existing groundwater elevation.  
There was a prominent increase in velocity at approximately 20 feet, which 
corresponded with data from CPT-1, indicating dense materials at this depth. 
 
Array 2 had a Vs100ft of 1,103 feet per second.  There was a drop in velocity at 
approximately 15 feet corresponding to the existing groundwater elevation.  
There was a velocity increase at approximately 23 feet corresponding with data 
from CPT-2, indicating a density increase at this depth. 
 
Array 3 had a Vs100ft of 1,020 feet per second.  There was a drop in velocity at 
approximately 20 feet corresponding somewhat to the existing groundwater 
elevation.  There was a velocity increase beginning at approximately 37 feet 
corresponding with data from CPT-5, indicating a density increase at 
approximately 39 feet. 
 
Array 4 had a Vs100ft of 966 feet per second.  There was a drop in velocity at 
approximately 20 feet.  This does not correspond well to the existing 
groundwater elevation.  There was a velocity increase beginning at 
approximately 30 feet.  This does not correspond well with data from CPT-8, 
which indicates a density increase beginning at approximately 16 feet. 
 
It is important to note that these shear wave velocities are the average over the 
entire length of the array and are not the velocities at a point.  See Appendix E 
for the SASW Array Location Plan for exact locations. 

 
5.2 Geotechnical Investigation 

 
For the geotechnical field exploration, F&ME used three different investigation, 
sampling, and testing techniques as our primary exploration methods.  These were 
rotosonic drilling, cone penetrometer soundings, and shallow hand auger borings. 
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5.2.1 Rotosonic Drilling 
 
F&ME determined that 
rotosonic drilling would 
provide the best subsurface 
method of exploration of the 
containment system.  The 
rotosonic drilling was 
accomplished with an ATV-
mounted Prosonic SR-116 
rig.  The adjoining photo 
shows the rig in operation at 
Wateree Station.  The 
primary benefit of rotosonic 
drilling is that it provides 
continuous sampling of the subsurface materials.  Additional benefits of this 
technology are very rapid drilling rates and reduced volumes of drilling waste.  A 
sonic rig uses an oscillator or head with eccentric weights driven by hydraulic 
motors to generate high sinusoidal force in a rotating pipe drill.  The frequency of 
vibration (generally between 50 and 120 cycles per second) of the drill bit or core 
barrel can be varied to allow optimum penetration of subsurface materials.  A 
dual string assembly allows advancement of casing with the pipe drill used to 
collect samples.  Four inch diameter continuous sampling of the subsurface soils 
was accomplished. 
 
A total of 700 feet of rotosonic 
drilling was performed at 15 
individual boring locations.  The 
boring locations are noted as B-1 
to B-15 on Figure 4 in Appendix 
C.  We have also included a 
fence diagram, which 
graphically depicts each 
individual boring stratification, 
stationing, and elevation.  The 
borings were located along the 
containment structure perimeter 
to provide an even distribution of data points while assuring that borings were 
placed near areas of interest indicated in the geophysical investigation.  After 
boring was complete, the samples were assembled at our warehouse to allow a 
visual identification and classification of the subsurface stratigraphy.  Boring 
samples were positioned in order from lowest to highest stationing as well as in 
relative positioning based upon elevations of the top of boreholes.  Since the 
samples were continuous, we were able to document a more accurate log of soil 
layer composition and thicknesses.  The adjoining photo shows the layout of the 
continuous samples. 
 
The two borings not performed on the perimeter containment structure, B-8 and 
B-15, served slightly different purposes.  B-8 was performed in Pond 1 to 
provide an indication of the ash thickness as well as the type of soil underlying 
the ash.  B-15 was performed on the embankment between Ponds 1 and 2 to 
provide data on the embankment composition if required for future analysis. 
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No rotosonic borings were performed on the south leg of the Constructed 
Embankment Segment, Station 59+50 to Station 64+60 due to the presence of 
overhead power lines.  Following drilling, all holes were backfilled with high-
density bentonite. 
 

5.2.2 Cone Penetrometer Testing 
 

Following the rotosonic 
drilling, F&ME analyzed the 
continuous samples and 
determined locations for 
additional field investigation 
to provide strength/relative 
density data.  For this part of 
the field exploration, we 
chose to perform cone 
penetrometer test (CPT) 
soundings.  This subsurface 
exploration method provides 
strength and relative density of the soils as well as the pore water pressure.  The 
cone penetrometer soundings were performed with a 20-ton track mounted rig.  
The adjoining photo shows the interior of the rig as one of the soundings is being 
performed.  A cone penetrometer sounding is conducted by hydraulically pushing 
a cone penetrometer into the ground.  While being pushed, the cone measures the 
resistance on the tip of the penetrometer (Tip resistance), the resistance on the 
outside of the penetrometer (sleeve friction), and the pore water pressure 
(dynamic pore pressure).  These measurements are taken every five centimeters, 
which provides near continuous data.  In-situ soil parameters were determined in 
accordance with the Contec© Interpretation Methods, Revision SZW-Rev 02 
(March 12, 2008).  These methods along with the correlated soil strength 
parameters for each CPT sounding are provided in Appendix C.  In total, eight 
cone penetrometer soundings were conducted at selected locations along 
Containment Segments 1 and 2.  When possible, the soundings were performed 
in proximity of borings to compare and calibrate the data from the two different 
investigative technologies.  Being able to compare continuous sampled borings 
with in-situ data allowed development of a more detailed understanding of the 
soil stratification and its physical properties.  After each CPT sounding, the hole 
was backfilled with high-density bentonite. 

 
5.2.3 Hand Auger Investigation 

 
The final component of our geotechnical field exploration was the advancement 
of shallow hand augers.  Eight hand augers were advanced.  The hand augers 
were performed in groups of two on the outside face of the containment system 
in order to provide data regarding the composition of the slope face as well as the 
location of the phreatic surface within the berm itself, in lieu of installing 
temporary piezometers.  Three of the four groups were located on the 
Constructed Embankment Segment, including on the south leg of the constructed 
embankment where rotosonic drilling was restricted by overhead power lines.  
The fourth set was performed in the area of previously identified Seeps.  After 
the completion of testing, all boreholes were filled with high-density bentonite. 
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5.3 Integration of Data 
 
 The data gathered during our investigation included: 
 

 Historical mapping 
 Visual inspection 
 Discussions with SCE&G personnel familiar with pond construction and 

operation 
 Wateree River level data 
 Topographical survey 
 Local geology 
 Local seismicity 
 Electrical resistivity scans 
 Ground penetrating radar scans 
 Seismic refractory scans 
 Continuous sampling rotosonic borings 
 Cone penetration soundings 
 Shallow auger borings 

 
This data was integrated and correlated to provide a characterization of the pond 
perimeter containment system with respect to: 
 

 Geometry 
 Composition 
 Physical properties 
 Foundation properties 
 Continuity/homogeneity 

 
Based upon this characterization, “typical” cross sections and subsurface stratigraphy 
were identified for analysis.  The following figures, SS-1 through SS-4, illustrate a 
typical integration of topographic, geophysical, geotechnical, and visual identification 
data. 
 
Typical schematic cross sections were developed for each of the three characteristic 
segments of the perimeter containment structure. 
 
Based upon our integration of all the data gathered during our investigations, slope 
stability analyses were performed in “worst case” areas of Segment 1, River Bluff, and 
Segment 2, Constructed Embankment, of the containment system.  Segment 3 was not 
analyzed for slope stability since it is an incised section and any structural instability 
would be contained within the pond and would not result in the release of ash.  We do 
point out that based on our analysis of other segments, Segment 3 is stoically and 
seismically stable. 
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6.0 Containment System Subsurface Characterization 
 
6.1. General Subsurface Stratigraphy 

 
With the Wateree Station being situated near the confluence of the Wateree and Congaree 
Rivers as well as at the boundary of the Upper and Middle Coastal Plain Physiographic 
Subprovinces, a complex subsurface stratigraphy exists.  The Congaree River Valley 
Terrace Complex, which predominates the site, consists of interbedded and depositional 
layers of coarse sand and gravel to over-consolidated clays.  In sandy soil, deposits such 
as those encountered in and below the impoundment containment system, a moderate 
increase in fines content (silt and clay size soil particles) will substantially reduce the 
hydraulic conductivity. 
 

6.2 Embankment Characterization 
 

As previously noted, the current ponds are located in the area of a prior open pit mining 
operation.  Based upon historic records, the current ponds encompass all of the open pit 
mine operation. 
 
The old mine was also utilized as a source for fill soils during plant construction.  This 
would have caused the mine to be enlarged to approximately the current pond size.  It 
appears that the historic mining operation consisted of removing soils from the bluff 
adjoining the Wateree River.  Mining would have started at the lower natural elevations 
to the south of the current ponds and proceeded in a northerly direction paralleling the 
river.  A portion of the natural bluff was left in place adjoining the river along the eastern 
side of the current ponds to control water intrusion from the river.  The depth or vertical 
extent of the mining was most probably controlled by two factors:  One being the 
presence of heavy clay soils, which at the time would have had a low economic value; 
and two being the ability to control water (run-off, groundwater, and river) through 
gravity flow.  Extensive or continuous pumping would have hindered the economics of 
the mining operations.   
 
Based upon this historic information and data from our current investigation, we have 
identified three unique segments of the perimeter containment system of the current 
ponds as shown in Figure CSCS-1.  These are: 
 
6.3.1 Segment 1 

 
The River Bluff adjoining the Wateree River on the eastern side of both Ponds 1 
and 2.  This segment of the Pond Containment System starts near the beginning 
of our survey control stationing, Station 10+00, and continues South to 
approximately Station 59+00.  Some surface fill has been placed along this 
segment, primarily to provide/improve the perimeter road.  This segment of the 
containment system is characterized as naturally occurring geologic deposits and 
its physical properties, including structural and hydraulic conductivity, are 
consistent with adjoining “undisturbed” soils. 
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6.3.2 Segment 2 
 
The Constructed Embankment along the South side of Pond 2.  This segment of 
the Pond Containment System runs from approximately Station 59+00 to Station 
83+00.  As noted, this segment traverses the naturally lower lying area of the 
original river bluff prior to mining operations.  This is a constructed embankment 
formed with soil materials taken from the open pit mine.  Soils were placed and 
compacted beginning at the natural river bluff at the South corner of Pond 2, 
approximate Station 59+00, and ending on higher natural ground, approximate 
elevation 110.0 MSL at approximate Station 83+00.  This segment is a 
Constructed Embankment composed of densely compacted clayey soils.  Due to 
its constructed nature, the physical properties of this portion of the embankment 
are more uniform than those in the River Bluff segment.  Both structural 
properties and hydraulic conductivity are much more homogeneous both 
horizontally and vertically than the naturally occurring soil deposits. 
 

6.3.3 Segment 3 
 
Natural ground along the western perimeter of Pond 2 and the western and 
northern perimeter of Pond 1.  This segment of the Pond Containment System 
begins at approximately Station 83+00 and forms the western perimeter of Pond 
2, while continuing around Pond 1 to the area of the beginning stationing of our 
survey, Station 10+00.  In this segment of the containment system, the Pond is 
below natural grade, incised, in the pit formed by the prior mining operations.  
Like the River Bluff segment of the containment system, this segment is also 
characterized as naturally occurring geologic deposits and its physical properties, 
both structural and hydraulic conductivity are consistent with adjoining 
“undisturbed” soils. 
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7.0 Embankment Structural Analysis 
 
The three distinct segments of the perimeter containment system have been characterized for this 
analysis.  They are: 
 

 Segment 1 – River Bluff 
 Segment 2 – Constructed Embankment 
 Segment 3 – Below Grade (Incised) 

 
Segment 3 was not included in our detailed analysis.  Being below grade (incised), any 
embankment instability would be internal to the ponds and would not impact the integrity of the 
perimeter containment system.  Based upon our analyses of Segments 1 and 2, Segment 3 is in a 
very stable condition.  In addition, three additional cross-sections, two in the northern portion of 
Pond 1 and one at the outfall structure, were selected for analysis due to their geometry. 
 
Our initial stability screening included a stability analysis at the location of each of the CPT 
soundings in Segments 1 and 2.  Four analyses were performed in Segment 1 and three analyses 
were performed in Segment 2.  The four “worst case” conditions based upon calculated factors of 
safety were selected for a more detailed analysis and reporting.  The four selected locations 
included three along Segment 1, the River Bluff, and one in Segment 2, the Constructed 
Embankment. 
 
Conditions for the modeled design cross sections were based on the following. 
 

1) Bottom of ash pond is at elevation 85.0 ft-MSL. 
 

2) Bottom of river elevation is at 65.0 ft-MSL. 
 

3) Low water elevation in river is at elevation 74.24 ft-MSL (based on measurements 
performed by SCE&G in Sept. 2003). 

 
4) ‘Normal’ low water in river is at 82.9 ft-MSL based on USGS data. 

 
5) When modeling embankment geometries outside of surveyed areas, a 2:1 (H:V) slope 

was assumed to bottom of pond or bottom of river elevation. 
 
Data for developing design soil parameters were based upon our integrated data with heavy 
reliance on the CPT sounding data.  We have included the CPT data reduction tables for each 
CPT sounding listing the derived soil strength parameters at each depth that a sounding was 
performed and the ConeTech Interpretation Methods manual in Appendix C.  Assumed 
stratification and soil strength parameter inputs are included on the individual slope stability 
computer outputs contained in Appendix A.  Three distinct loading conditions have been 
analyzed.  These include: 
 

1) Maximum storage pool with steady state seepage.  This is a static loading condition with 
the anticipated maximum static loads. 

 
2) Earthquake loads with steady state seepage.  This is a dynamic loading condition with 

forces applied based upon the design ground accelerations. 
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3) Liquefaction with steady state seepage.  This is a static loading condition, which occurs a 
short time following the assumed seismic event.  There is a time delay between the 
ground motions of the earthquake and the on-set of liquefaction.  During liquefaction, the 
static soil strength parameters are reduced.  This loading condition considers static loads 
with reduced soil strength parameters in any liquefied soils. 

 
NOTE:  This is an industry standard practice for analyzing a water-impounding earthen structure 
and does not necessarily infer or imply that seepage is in fact occurring through the embankment. 

 
7.1 Seismic Ground Motion Parameters 
 

We have utilized the United States Geological Survey (USGS) ground motion uniform 
hazard spectrum maps for determination of the peak ground acceleration (PGA) motion 
value for the seismic design analyses event.  The assumed seismic event PGA value used 
in these analyses was based on a two percent probability of exceedance in 50 years 
(2%/50 year).  The 2%/50 year event is considered as a Safety Evaluation Event (SEE) 
earthquake which represents a large ground motion and has a relatively low probability of 
occurrence within the design life of the structure.  The 2%/50 year seismic motion event 
approximates the ground motions associated with the 1886 Charleston earthquake. 
 
The latitude and longitude coordinates of the ash ponds entered on the USGS ground 
motion map web site were 33.817739 and -80.620331 degrees, respectively.  The USGS 
web site generated PGAB-C value at the B-C boundary is 0.361g.  The B-C boundary is 
considered as the predicted earthquake motion value at depth where bedrock is 
encountered and does not reflect any amplification or damping of the PGAB-C value 
attributed to the overlying soils above bedrock. 
 
To account for amplification or damping of the soils overlying bedrock, a site class 
seismic category was determined based on performing on-site Spectral Analysis of 
Surface Waves (SASW) testing.  The SASW test determines the average soil shear wave 
velocity in the upper one hundred (100) feet of the subsurface soil profile.  Four SASW 
tests were performed with the results indicating that the average shear wave velocities in 
the upper 100 feet of the soil’s profile range from 966 feet per second (fps) to 1,176 fps, 
averaging 1,066 fps.  We have included the four graphs of the SASW curves in the upper 
100 feet of the site in Appendix E. 
 
The South Carolina Department of Transportation (SCDOT) has established local 
industry standards for seismic analysis in South Carolina.  Based upon the August 2008 
SCDOT Geotechnical Design Manual (GDM), Chapter 12, and based on the SASW 
derived average shear wave velocity of 1,066 fps, a site class seismic category of D is 
applicable to this project site.  A site class seismic category of D corresponds to a soil 
profile considered as a stiff soil site.  Per Table 12-26, as listed in the SCDOT GDM 
(previously referenced), the site coefficient, FPGA, for a site class D, and with a PGAB-C 
value of 0.361g is 1.15.  Multiplication of the FPGA and the PGAB-C value to account for 
local site subsurface soil effects yields a design PGA value at the ground surface of 0.41g 
for use in seismic performance analyses. 
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7.2 Liquefaction Analyses 

 
F&ME Consultants has completed a liquefaction analysis for the existing ash pond 
containment structure embankments at the SCE&G Wateree Station facility.  The 
following data has been used in our analysis: 
 

 CPT Soundings (Appendix C). 
 

 Borings and laboratory classification tests performed by F&ME.  Fifteen borings 
were performed within the existing ash pond embankment structure for the 
collection of soil samples for laboratory analysis.  Soil classification testing was 
performed to evaluate liquefaction potential of the subgrade soils (Appendix C). 
 

 FHWA-HI-99-012; Geotechnical Earthquake Engineering, December 1998, and 
as modified in the Journal of Geotechnical and Geoenvironmental Engineering; 
Liquefaction Resistance of Soils: Summary Report from the 1996 NCEER and 
1998 NCEER/NSF Workshops on Evaluation of Liquefaction Resistance of Soils, 
October 2001. 

 
At the heart of any discussion of liquefaction potential are three factors: 
 

 The magnitude of the design PGA (Peak Ground Acceleration) 
 The composition of the soil mass 
 The density of the soil mass 

 
The design PGA was addressed in the Seismic Ground Motion Parameters section of this 
report, and we have utilized the seismic soil motion PGA value of 0.41g in our 
liquefaction analyses. 
 
With respect to potentially liquefiable soils, expressed in simplified terms, clean, 
saturated sands can be highly susceptible to liquefaction while fine-grained soils, 
particularly those with cohesion, are not. 
 
Furthermore, for a soil composed of liquefiable materials, the lower the density, the 
higher potential for liquefaction.  Determination of the in-situ soil density was 
extrapolated from CPT soundings as total stress, effective stress, tip resistance, and 
sleeve resistance. 
 
We have analyzed the liquefaction potential for the soil mass composing the ash pond 
containment structure embankments and foundation materials.  The general conditions of 
the soil profile and our findings are as follows: 
 

 The soil composing the ash pond containment structure is predominantly low to 
moderately dense sandy clay underlain by sandy soils.  During the seismic design 
event, these sandy soils have the potential to liquefy. 

 
 Our analysis indicates liquefaction-induced permanent vertical settlements 

ranging from 0.1 to 3.0 inches, with the average being 1.35 inches. 
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 For a Magnitude 7.0 (Richter) earthquake event, the farthest documented 
liquefaction event relative to the epicenter is about 110 kilometers 
(approximately 69 miles).  The Wateree Station facility is located beyond this 
distance from the epicenter of the 1886 Charleston earthquake. 

 
 When exposed to the expected seismic event, ground surface ruptures are not 

likely.  Typically, the resulting phenomena will be in the form of small, localized 
surface depressions. 

 
In summary, our data and analyses indicates that detrimental liquefaction will not occur. 

 
7.3 Embankment Stability Analyses 
 

F&ME has performed an ‘over-all’ static and seismic global slope stability analyses of 
select areas of the embankment creating the ash pond containment structure.  The first 
condition evaluated for static loadings is described as long-term storage of pond water, 
with water percolating through the embankment to an established steady-state condition 
of seepage.  The ash pond water level elevation was assumed to be at the overflow 
spillway intake elevation (approximate elevation 108 ft-MSL) as a worst-case condition.  
The normal ash pond water level is approximately 103 ft-MSL.  This condition is referred 
to as steady seepage with maximum storage pool.  A uniform distributed live loading 
(LL) of 250 pounds per square foot (psf) was applied within roadway areas during our 
static embankment stability analyses. 
 
For seismic loading conditions, per FHWA-HI-99-012, Geotechnical Earthquake 
Engineering, December 1998, the ground motion horizontal coefficient, KH, used in 
seismic global slope stability analyses should be some fraction of the design PGA value.  
The KH value used in our seismic slope stability analyses was one-half of the design 
event PGA value of 0.41g, and this procedure is considered to be industry standard.  
Roadway surcharge load was neglected during seismic design event analyses. 
 
We also analyzed embankment stability during the indicated liquefiable subgrade soils 
event.  Where a liquefaction condition is expected to occur following the design seismic 
event, the soil strength parameters were reduced to a residual strength value with the 
intention of analyzing the stability of the embankment under liquefied soil conditions.  
The residual liquefied soil strength parameter is about one-half of the soils effective 
strength as determined by CPT test data. 
 
F&ME utilized the computer software program GSTABL7 w/STEDwin Version 2 for the 
static, earthquake, and liquefaction embankment slope stability analyses.  The 
computational methodology used in the computer program is the Modified Bishop 
method of analyses.  The subsurface soil stratigraphy, ground water conditions, and soil 
strength parameters utilized in these analyses were based on generalized conditions as 
indicated by the CPT soundings.  In general, soil parameters for both static and seismic 
analyses were estimated based on the data from the CPT soundings performed in general 
proximity to one another. 
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The following table presents the calculated minimum factor of safety (F.S.) results of 
these analyses.  The listed performance criteria are referenced from Chapter IV of 
Embankment Dams of the Federal Energy Regulatory Commission, 1991. 

 
Embankment Slope Stability Results Summary 

Location Loading Condition F.S. Performance 
Criteria 

100’ RT along 
Station 9+30 to 
10+90 - Segment 1 

Max. Storage Pool-Steady Seepage 2.82 1.5 
Liquefaction-Steady Seepage 1.97 >1.0 
Earthquake-Steady Seepage 1.48 >1.0 

Station 12+00 
Segment 1 

Max. Storage Pool-Steady Seepage 2.50 1.5 
Liquefaction-Steady Seepage 1.53 >1.0 
Earthquake-Steady Seepage 1.08 >1.0 

Station 18+00 
Segment 1 

Max. Storage Pool-Steady Seepage 2.21 1.5 
Liquefaction-Steady Seepage 1.53 >1.0 
Earthquake-Steady Seepage 1.18 >1.0 

Station 33+00 
Segment 1 

Max. Storage Pool-Steady Seepage 2.89 1.5 
Liquefaction-Steady Seepage 1.76 >1.0 
Earthquake-Steady Seepage 1.38 >1.0 

Station 45+00 
Segment 1 

Max. Storage Pool-Steady Seepage 2.00 1.5 
Liquefaction-Steady Seepage 1.15 >1.0 
Earthquake-Steady Seepage 1.08 >1.0 

Station 56+50 
Segment 1 

Max. Storage Pool-Steady Seepage 2.35 1.5 
Liquefaction-Steady Seepage 1.31 >1.0 
Earthquake-Steady Seepage 1.17 >1.0 

Station 83+00 
Segment 2 

Max. Storage Pool-Steady Seepage 4.78 1.5 
Liquefaction-Steady Seepage 4.09 >1.0 
Earthquake-Steady Seepage 2.37 >1.0 

 
The GSTABL7 output graphs depicting the slope geometry, soil strength parameters, soil 
profiles and the computer generated critical failure circles of each of the above listed 
slope stability analyses are presented in Appendix A. 

   
7.4 Summary of Findings 

 
The Wateree Ash Pond Perimeter Containment System is stable under the design loading 
conditions.  The most critical condition is during (earthquake – steady seepage) and 
immediately following (liquefaction – steady seepage) the assumed seismic event.  As 
noted, the “worst case” conditions were identified for analysis.  All computed factors of 
safety are substantially above the minimum performance criterion. 
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ASH POND #1 

Available Information Checklist 

Coal Combustion Waste Impoundment (CCWI) Dam 

 

1. Descriptive Information 
a. Impoundment Capacity (Normal & Max) 

At normal pool  (104.0  ft),  the  impoundment capacity  is 2,000,000 cubic yards.  
At maximum pool (106.0 ft), the impoundment capacity is 2,260,000 cubic yards.  
Supporting information is presented on Figure 1 in Attachment 1. 
 

b. Impoundment Surface Area:   
The  impoundment  surface  area  at  normal  pool  is  approximately  80.65  acres. 
Supporting information is presented on Figure 1 in Attachment 1. 
 

c. Hazard Classification:   
The facility has not been assigned a hazard classification by a regulatory agency.  
 

d. Freeboard (Normal & Minimum) 
The  freeboard between normal pool  (elevation 104.0)  and  the maximum pool 
(106.0)  is 2.0 feet.   The freeboard between normal pool (104.0 ft) and the dam 

crest (108.0 ft) is 4.0 feet.  The freeboard between the maximum pool (106.0 ft) 
and the dam crest (108.0 ft)  is 2.0 feet. Supporting  information  is presented on 
Figure 1 in Attachment 1. 
 

e. Maximum Dam Height 
The maximum  constructed embankment dam height  is  approximately 21  feet. 
Supporting information is presented on Figure 1 in Attachment 1. 
 

f. Dam Crest Elevation 
The  dam  crest  elevation  is  approximately  108  feet.  Supporting  information  is 
presented on Figure 1 in Attachment 1. 
 

g. Crest Width 
The minimum dam crest width is approximately 20 feet. Supporting information 
is presented on Figure 1 in Attachment 1. 
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h. Upstream Slope Inclination   
The  upstream  slope  inclination  above  the  normal  pool  is  generally  an 
approximate 2H:1V gradient.  Supporting information is presented on Figure 1 in 
Attachment 1. 
 

i. Downstream Slope Inclination 
The downstream slope  inclination of  the constructed embankment  is generally 
an approximate 2H:1V gradient. Supporting information is presented on Figure 1 
in Attachment 1. 
 

j. Spillway Type, Size, & Crest Elevation 
The  impoundment  does  not  have  a  primary  overflow  spillway. Overflow  from 

Ash Pond 1 would overtop the interior dike between Ash Pond 1 and Ash Pond 2 
and flow into Ash Pond 2.  
 

An emergency spillway, comprised of a riser/barrel outlet structure, is located in 
the  southeast  corner  of  the  pond.   No  information  is  available  regarding  the 
emergency spillway’s size and elevations.  
 

k. Outlet Conduit Type, Size, and & Max Flow Capacity   
The  impoundment’s outlet conduit  is a 24‐inch diameter corrugated metal pipe 
which discharges to Pond 2.   The maximum flow capacity of the conduit pipe  is 
estimated at 4.8 mgd, as presented in the calculations contained in Attachment 
2. 
 

l. Historical Maximum Pond Elevation   
The pond level is maintained by the existing pond outlet structure. To the best of 
our  knowledge,  the  historical  maximum  pond  elevation  is  equivalent  to  the 
current pond elevation of 104.0 feet, as shown on Figure 1 in Attachment 1. 
 

m. Year Built 
To  the best of our knowledge,  the ash pond  impoundment was constructed  in 
1970.  
 

n. Design Life   
Documentation regarding the original planned design life of the impoundment is 
not  available.  Current  management  practices  include  recycling  to  include 
excavation  of  ponded  CCB material  from within  Pond  1.   Given  current  pond 
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management  and  recycling  practices,  the  design  life  of  Pond  1  is  potentially 
indefinite. 
 

o. Specific Wastes Permitted in Impoundment 
A copy of the impoundment’s current applicable permit (NPDES) is presented in 
Attachment  3.  As  identified  on  page  23  of  the  permit,  the  ash  pond 
impoundment is permitted to receive the following wastewaters: “cooling tower 
blowdown,  low  volume  wastes,  ash  transport  wastewaters,  landfill 
runoff/leachate,  coal pile  runoff, miscellaneous power plant wastewaters,  and 
storm water”.  
 

p. Other (describe) ‐ none 
 

2. Regional Map showing CCWI & schools, hospitals, etc. within 5 miles downgradient.   A 
regional map is presented in Attachment 4.  
 

3. Management Unit Drawings 
a. Plans 

Original plan drawings for the management unit are not available.   
 

b. Sections 
Original section drawings for the management unit are not available.   
 

c. Elevations 
Original elevation drawings for the management unit are not available.   
 

d. Other (describe) ‐ none 
 

4. Design Information 
a. Design Assumptions 

Documentation regarding assumptions used in the impoundment’s design is not 
available.  
 

b. Design Analysis 
Documentation  regarding  analysis  used  in  the  impoundment’s  design  is  not 
available.  A  hydraulic  analysis  has  been  performed.    A  report  detailing  the 
findings of the hydraulic analysis (“Pond Detention Study and Hydraulic Analysis” 
dated October 2006 and prepared by ERM) can be found in Attachment 5.  
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c. Spillway Design Flood or Design Basis 
Documentation regarding the design  flood or basis used  in spillways’s design  is 
not available.   A hydraulic analysis has been performed. A  report detailing  the 
findings of the hydraulic analysis (“Pond Detention Study and Hydraulic Analysis” 
dated October 2006 and prepared by ERM) can be found in Attachment 5. 
 

d. Slope Stability Factors of Safety 
Documentation  regarding  the  slope  stability  factors  of  safety  used  in  the 
impoundment’s  design  is  not  available.    A  slope  stability  analysis  has  been 
performed.  The  report  detailing  the  findings  of  the  slope  stability  analysis 
(“Wateree Station Ash Pond Containment Structure Stability Report”, dated July 
2010 and prepared by F&ME Consultants) can be found in Attachment 6.  
 

e. Design Soil Properties and Parameters 
Documentation  regarding  soil  properties  and  parameters  used  in  the 
impoundment’s  design  is  not  available.    A  subsurface  investigation  has  been 
performed to  identify soil properties and parameters for the purpose of further 
evaluating impoundment structural stability. The report detailing the findings of 
the subsurface investigation (“Wateree Station Ash Pond Containment Structure 
Stability Report”, dated  July 2010  and prepared by  F&ME Consultants)  can be 
found in Attachment 6.  
 

f. Other (describe) ‐ none 
 

5. Subsurface Information 
Several subsurface investigations have been performed on Ash Pond 1.  Reports 
detailing  the  findings  of  these  subsurface  investigations  can  be  found  in 
Attachment 6 to include the following reports: 
 

• “Hydrogeologic Assessment Report”, dated May 15, 1998 and prepared 
by General Engineering. 

•  “Mixing Zone Application”, dated June 21, 2000 and prepared by General 
Engineering.  

• “Wateree  Station  Ash  Pond  Containment  Structure  Subsurface 
Investigation  Report”,  dated  May,  2010  and  prepared  by  F&ME 
Consultants. 

• “Wateree  Station  Ash  Pond  Containment  Structure  Stability  Report”, 
dated July, 2010 and prepared by F&ME Consultants.  
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The  above  identified  reports  present  discussions  of  site  geology,  geotechnical 
reporting, test boring logs, and subsurface profiles.   

 
a. Geology – see above 
b. Geotechnical Report – see above 
c. Test Boring Logs – see above 
d. Subsurface Profiles – see above 
e. Other (describe) ‐ none 

 

6. Monitoring Information 
a. Observation Wells/Piezometer Readings 

Groundwater  level  readings  are  collected  as part of  the  facility’s  groundwater 
monitoring program. A summary of the historical groundwater level readings as 
well as a map showing the well locations can be found in Attachment 7.  
 

b. Seepage Readings 
Seepage monitoring has been performed.  A summary of the seepage monitoring 
information can be found in Attachment 7.  
 

c. Settlement Readings 
Settlement monitoring has not been performed.  
 

d. Alignment Readings 
Alignment monitoring has not been performed.  
 

e. Inclinometer Readings 
Inclinometer monitoring has not been performed.  
 

f. Time vs Reading Graphs 
Time vs Reading monitoring has not been performed.  
 

g. Other (describe) ‐ none 
 

7. Instrumentation Drawings 
a. Location Plan 
    The pond/dam does not have an instrumentation program.  
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b. Section Views 
The pond/dam does not have an instrumentation program.  
 

c. Other (describe) ‐ none 
 

8. Miscellaneous  
a. Permits 

The  pond/dam  is  currently  regulated  under  a  NPDES  permit.    A  copy  of  the 
current permit can be found in Appendix 3.  
 

b. Construction Documentation / Foundation Prep 
Documentation  regarding  construction  and  foundation  preparations  is  not 
available.  
 

c. Spills or Releases 
To the best of our knowledge, there have been no spills or releases.  
 

d. Repairs 
Soil  fill was placed along a portion of the  interior slope  in 1997 to  improve the 
stability  of  the  dike.  Documentation  regarding  the  repairs  can  be  found  in 
Appendix 8.  No other impoundment repair documentation is available.  
 

e. Emergency Action Plan 
An Emergency Action Plan is not available.  
 

f. Operation & Maintenance Plans / Documents 
An O&M Plan is not available.  
 

g. Other (describe) ‐ none 
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ASH POND #2 

Available Information Checklist 

Coal Combustion Waste Impoundment (CCWI) Dam 

 

1. Descriptive Information 
a. Impoundment Capacity (Normal & Max) 

At normal pool  (103.7  ft),  the  impoundment capacity  is 1,871,000 cubic yards.  
At maximum pool (107.0 ft), the impoundment capacity is 2,279,000 cubic yards.  
Supporting information is presented on Figure 1 in Attachment 1. 
 

b. Impoundment Surface Area:   
The  impoundment  surface  area  is  approximately  76.6  acres.  Supporting 
information is presented on Figure 1 in Attachment 1. 
 

c. Hazard Classification:   
The facility has not been assigned a hazard classification by a regulatory agency.  
 

d. Freeboard (Normal & Minimum) 
The  freeboard between normal pool  (elevation 103.7)  and  the maximum pool 
(107.0)  is 3.3 feet.   The freeboard between normal pool (103.7 ft) and the dam 

crest (108.0 ft) is 4.3 feet.  The freeboard between the maximum pool (107.0 ft) 
and the dam crest (108.0 ft)  is 1.0 feet. Supporting  information  is presented on 
Figure 1 in Attachment 1. 
 

e. Maximum Dam Height 
The maximum  constructed embankment dam height  is  approximately 20  feet. 
Supporting information is presented on Figure 1 in Attachment 1. 
 

f. Dam Crest Elevation 
The  dam  crest  elevation  is  approximately  108  feet.  Supporting  information  is 
presented on Figure 1 in Attachment 1. 
 

g. Crest Width 
The minimum dam crest width is approximately 20 feet. Supporting information 
is presented on Figure 1 in Attachment 1. 
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h. Upstream Slope Inclination   
The  upstream  slope  inclination  above  the  normal  pool  is  generally  an 
approximate 2H:1V gradient.  Results of a recent bathymetric survey indicate the 
upstream  slope  inclination  below  the  normal  pool  is  an  approximate  2H:1V 
gradient. Supporting information is presented on Figure 1 in Attachment 1. 
 

i. Downstream Slope Inclination 
The downstream slope  inclination of  the constructed embankment  is generally 
an approximate 2H:1V gradient. Supporting information is presented on Figure 1 
in Attachment 1. 
 

j. Spillway Type, Size, & Crest Elevation 
The impoundment’s spillway consists of two 42‐inch diameter corrugated metal 
pipes. The  invert (crest) elevation of the two 42‐inch corrugated metal spillway 
pipes is 106.7 ft.  
 

k. Outlet Conduit Type, Size, and & Max Flow Capacity   
The  impoundment’s  outlet  conduit  is  a  36‐inch  diameter  reinforced  concrete 
pipe.  Elevation information for the outlet conduit is not available, and therefore 
a maximum flow capacity is not able to be estimated.   
 

l. Historical Maximum Pond Elevation   
The pond level is maintained by the existing pond outlet structure. To the best of 
our  knowledge,  the  historical  maximum  pond  elevation  is  equivalent  to  the 
current pond elevation of 103.7 feet, as shown on Figure 1 in Attachment 1. 
 

m. Year Built 
To  the best of our knowledge,  the ash pond  impoundment was constructed  in 
1970.  
 

n. Design Life   
Documentation regarding the original planned design life of the impoundment is 
not  available.  The  impoundment  currently  has  approximately  790,000  cubic 
yards of available capacity. Current management practices  include  recycling  to 
include excavation of ponded CCB material  from  the upstream and  connected 
Pond 1.  Given current pond management and recycling practices, the design life 
of Pond 2 is potentially indefinite. 
 

o. Specific Wastes Permitted in Impoundment 
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A copy of the impoundment’s current applicable permit (NPDES) is presented in 
Attachment  3.  As  identified  on  page  23  of  the  permit,  the  ash  pond 
impoundment is permitted to receive the following wastewaters: “cooling tower 
blowdown,  low  volume  wastes,  ash  transport  wastewaters,  landfill 
runoff/leachate,  coal pile  runoff, miscellaneous power plant wastewaters,  and 
storm water”.  
 

p. Other (describe) ‐ none 
 

2. Regional Map showing CCWI & schools, hospitals, etc. within 5 miles downgradient.   A 
regional map is presented in Attachment 4.  
 

3. Management Unit Drawings 
a. Plans 

Original plan drawings for the management unit are not available.   
 

b. Sections 
Original section drawings for the management unit are not available.   
 

c. Elevations 
Original elevation drawings for the management unit are not available.   
 

d. Other (describe) ‐ none 
 

4. Design Information 
a. Design Assumptions 

Documentation regarding assumptions used in the impoundment’s design is not 
available.  
 

b. Design Analysis 
Documentation  regarding  analysis  used  in  the  impoundment’s  design  is  not 
available.  A  hydraulic  analysis  has  been  performed.    A  report  detailing  the 
findings of the hydraulic analysis (“Pond Detention Study and Hydraulic Analysis” 
dated October 2006 and prepared by ERM) can be found in Attachment 5.  
 

c. Spillway Design Flood or Design Basis 
Documentation regarding the design  flood or basis used  in spillways’s design  is 
not available.   A hydraulic analysis has been performed. A  report detailing  the 
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findings of the hydraulic analysis (“Pond Detention Study and Hydraulic Analysis” 
dated October 2006 and prepared by ERM) can be found in Attachment 5. 
 

d. Slope Stability Factors of Safety 
Documentation  regarding  the  slope  stability  factors  of  safety  used  in  the 
impoundment’s  design  is  not  available.    A  slope  stability  analysis  has  been 
performed.  The  report  detailing  the  findings  of  the  slope  stability  analysis 
(“Wateree Station Ash Pond Containment Structure Stability Report”, dated July 
2010 and prepared by F&ME Consultants) can be found in Attachment 6.  
 

e. Design Soil Properties and Parameters 
Documentation  regarding  soil  properties  and  parameters  used  in  the 
impoundment’s  design  is  not  available.    A  subsurface  investigation  has  been 
performed  to  identify  soil  properties  and  parameters  for  the  purpose  of 
evaluating impoundment structural stability. The report detailing the findings of 
the subsurface investigation (“Wateree Station Ash Pond Containment Structure 
Stability Report”, dated  July 2010  and prepared by  F&ME Consultants)  can be 
found in Attachment 6.  
 

f. Other (describe) 
 

5. Subsurface Information 
Several subsurface investigations have been performed on Ash Pond 2.  Reports 
detailing  the  findings  of  these  subsurface  investigations  can  be  found  in 
Attachment 6 to include the following reports: 
 

• “Hydrogeologic Assessment Report”, dated May 15, 1998 and prepared 
by General Engineering. 

•  “Mixing Zone Application”, dated June 21, 2000 and prepared by General 
Engineering.  

• “Wateree  Station  Ash  Pond  Containment  Structure  Subsurface 
Investigation  Report”,  dated  May,  2010  and  prepared  by  F&ME 
Consultants. 

• “Wateree  Station  Ash  Pond  Containment  Structure  Stability  Report”, 
dated July, 2010 and prepared by F&ME Consultants.  
 

The  above  identified  reports  present  discussions  of  site  geology,  geotechnical 
reporting, test boring logs, and subsurface profiles.   
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a. Geology – see above 
b. Geotechnical Report – see above 
c. Test Boring Logs – see above 
d. Subsurface Profiles – see above 
e. Other (describe) ‐ none 

 

6. Monitoring Information 
a. Observation Wells/Piezometer Readings 

Groundwater  level  readings  are  collected  as part of  the  facility’s  groundwater 
monitoring program. A summary of the historical groundwater level readings as 
well as a map showing the well locations can be found in Attachment 7.  
 

b. Seepage Readings 
Seepage monitoring has been performed.  A summary of the seepage monitoring 
information can be found in Attachment 7.  
 

c. Settlement Readings 
Settlement monitoring has not been performed.  
 

d. Alignment Readings 
Alignment monitoring has not been performed.  
 

e. Inclinometer Readings 
Inclinometer monitoring has not been performed.  
 

f. Time vs Reading Graphs 
Time vs Reading monitoring has not been performed.  
 

g. Other (describe) ‐ none 
 

7. Instrumentation Drawings 
a. Location Plan 
    The pond/dam does not have an instrumentation program.  

 
b. Section Views 

The pond/dam does not have an instrumentation program.  
 

c. Other (describe) ‐ none 
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8. Miscellaneous  
a. Permits 

The  pond/dam  is  currently  regulated  under  a  NPDES  permit.    A  copy  of  the 
current permit can be found in Appendix 3.  
 

b. Construction Documentation / Foundation Prep 
Documentation  regarding  construction  and  foundation  preparations  is  not 
available.  
 

c. Spills or Releases 
To the best of our knowledge, there have been no spills or releases.  
 

d. Repairs 
Work to  improve stability of the riverbank was performed  in 1997 for the west 
bank of the Wateree River and near the southeast corner of the  impoundment 
where  the  river  is  near  or  abuts  the  exterior  toe  of  the  impoundment  slope. 
Documentation  regarding  the  work  can  be  found  in  Appendix  8.    No  other 
impoundment repair documentation is available.  
 

e. Emergency Action Plan 
An Emergency Action Plan is not available.  
 

f. Operation & Maintenance Plans / Documents 
An O&M Plan is not available.  
 

g. Other (describe) ‐ none 
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a

# FS
a 2.82
b 2.83
c 2.83
d 2.84
e 2.84
f 2.84
g 2.85
h 2.85
i 2.86
j 2.86

Soil
Desc.

F SC
F CH/MH

F SP

Soil
Type
No.
1
2
3

Total
Unit Wt.

(pcf)
120.0
110.0
125.0

Saturated
Unit Wt.

(pcf)
130.0
120.0
135.0

Cohesion
Intercept

(psf)
250.0

1250.0
0.0

Friction
Angle
(deg)
28.0
0.0

32.0

Load Value
L1 250 psf

GSTABL7 v.2  FSmin=2.82
Safety Factors Are Calculated By The Modified Bishop Method
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a 1.97
b 1.98
c 1.99
d 1.99
e 2.00
f 2.00
g 2.01
h 2.02
i 2.02
j 2.02

Soil
Desc.

Liq. SC
F CH/MH
Liq. SP

Soil
Type
No.
1
2
3

Total
Unit Wt.

(pcf)
120.0
110.0
125.0

Saturated
Unit Wt.

(pcf)
130.0
120.0
135.0

Cohesion
Intercept

(psf)
250.0

1250.0
0.0

Friction
Angle
(deg)
14.0
0.0

16.0

GSTABL7 v.2  FSmin=1.97
Safety Factors Are Calculated By The Modified Bishop Method
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a 1.48
b 1.49
c 1.50
d 1.50
e 1.50
f 1.51
g 1.51
h 1.51
i 1.51
j 1.51

Soil
Desc.

F SC
F CH/MH

F SP

Soil
Type
No.
1
2
3

Total
Unit Wt.

(pcf)
120.0
110.0
125.0

Saturated
Unit Wt.

(pcf)
130.0
120.0
135.0

Cohesion
Intercept

(psf)
250.0

1250.0
0.0

Friction
Angle
(deg)
28.0
0.0

32.0

Load Value
Peak(A) 0.410(g)
kh Coef. 0.205(g)<

GSTABL7 v.2  FSmin=1.48
Safety Factors Are Calculated By The Modified Bishop Method
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125.0

Saturated
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(pcf)
130.0
120.0
135.0

Cohesion
Intercept

(psf)
250.0
1250.0

0.0

Friction
Angle
(deg)
28.0
0.0

32.0

GSTABL7 v.2  FSmin=2.50
Safety Factors Are Calculated By The Modified Bishop Method
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a 1.53
b 1.62
c 1.65
d 1.67
e 1.68
f 1.69
g 1.69
h 1.71
i 1.73
j 1.78

Soil
Desc.

Liq. SC
F CH/MH
Liq. SP

Soil
Type
No.
1
2
3

Total
Unit Wt.

(pcf)
120.0
110.0
125.0

Saturated
Unit Wt.

(pcf)
130.0
120.0
135.0

Cohesion
Intercept

(psf)
250.0
1250.0

0.0

Friction
Angle
(deg)
14.0
0.0

16.0

GSTABL7 v.2  FSmin=1.53
Safety Factors Are Calculated By The Modified Bishop Method
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a 1.08
b 1.08
c 1.08
d 1.09
e 1.09
f 1.09
g 1.09
h 1.10
i 1.10
j 1.10

Soil
Desc.

F SC
F CH/MH

F SP

Soil
Type
No.
1
2
3

Total
Unit Wt.

(pcf)
120.0
110.0
125.0

Saturated
Unit Wt.

(pcf)
130.0
120.0
135.0

Cohesion
Intercept

(psf)
250.0
1250.0

0.0

Friction
Angle
(deg)
28.0
0.0

32.0

Load Value
Peak(A) 0.410(g)
kh Coef. 0.205(g)<

GSTABL7 v.2  FSmin=1.08
Safety Factors Are Calculated By The Modified Bishop Method
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a 2.21
b 2.26
c 2.30
d 2.33
e 2.35
f 2.36
g 2.39
h 2.41
i 2.43
j 2.46

Soil
Desc.

F SC
St. CL
F SP

Soil
Type
No.
1
2
3

Total
Unit Wt.

(pcf)
120.0
110.0
125.0

Saturated
Unit Wt.

(pcf)
130.0
120.0
135.0

Cohesion
Intercept

(psf)
500.0

2000.0
0.0

Friction
Angle
(deg)
28.0
0.0

32.0

Load Value
L1 250 psf

GSTABL7 v.2  FSmin=2.21
Safety Factors Are Calculated By The Modified Bishop Method
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Soil
Desc.

Liq. SC
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Soil
Type
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Total
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110.0
125.0

Saturated
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(pcf)
130.0
120.0
135.0
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Intercept
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500.0
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0.0

Friction
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(deg)
14.0
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16.0

GSTABL7 v.2  FSmin=1.53
Safety Factors Are Calculated By The Modified Bishop Method
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a 1.18
b 1.20
c 1.23
d 1.24
e 1.24
f 1.26
g 1.27
h 1.28
i 1.30
j 1.31

Soil
Desc.

F SC
St. CL
F SP

Soil
Type
No.
1
2
3

Total
Unit Wt.

(pcf)
120.0
110.0
125.0

Saturated
Unit Wt.

(pcf)
130.0
120.0
135.0

Cohesion
Intercept

(psf)
500.0

2000.0
0.0

Friction
Angle
(deg)
28.0
0.0

32.0

Load Value
Peak(A) 0.410(g)
kh Coef. 0.205(g)<

GSTABL7 v.2  FSmin=1.18
Safety Factors Are Calculated By The Modified Bishop Method
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a 2.89
b 2.89
c 2.89
d 2.90
e 2.90
f 2.90
g 2.90
h 2.90
i 2.90
j 2.90

Soil
Desc.

St. CL
F SP
F CH

Soil
Type
No.
1
2
3

Total
Unit Wt.

(pcf)
110.0
125.0
110.0

Saturated
Unit Wt.

(pcf)
120.0
135.0
120.0

Cohesion
Intercept

(psf)
1500.0

0.0
2000.0

Friction
Angle
(deg)
0.0

30.0
0.0

Load Value
L1 250 psf

GSTABL7 v.2  FSmin=2.89
Safety Factors Are Calculated By The Modified Bishop Method
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b 1.76
c 1.77
d 1.77
e 1.77
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i 1.79
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Desc.

St. CL
Liq. SP
F CH

Soil
Type
No.
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Total
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(pcf)
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125.0
110.0

Saturated
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120.0
135.0
120.0
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Intercept
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1500.0
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2000.0
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(deg)
0.0

15.0
0.0

GSTABL7 v.2  FSmin=1.76
Safety Factors Are Calculated By The Modified Bishop Method
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b 1.39
c 1.39
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f 1.40
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h 1.41
i 1.41
j 1.41

Soil
Desc.

St. CL
F SP
F CH

Soil
Type
No.
1
2
3

Total
Unit Wt.

(pcf)
110.0
125.0
110.0

Saturated
Unit Wt.

(pcf)
120.0
135.0
120.0

Cohesion
Intercept

(psf)
1500.0

0.0
2000.0

Friction
Angle
(deg)
0.0

30.0
0.0

Load Value
Peak(A) 0.410(g)
kh Coef. 0.205(g)<

GSTABL7 v.2  FSmin=1.38
Safety Factors Are Calculated By The Modified Bishop Method
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b 2.00
c 2.01
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g 2.02
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i 2.02
j 2.02

Soil
Desc.

St CL/ML
F SP
F SM

Soil
Type
No.
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2
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Total
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(pcf)
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125.0
120.0

Saturated
Unit Wt.

(pcf)
120.0
135.0
130.0

Cohesion
Intercept

(psf)
1500.0

0.0
100.0

Friction
Angle
(deg)
0.0

34.0
28.0

Load Value
L1 250 psf

GSTABL7 v.2  FSmin=2.00
Safety Factors Are Calculated By The Modified Bishop Method
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SCE&G Wateree Station - Sta. 45+00 Liquefaction - Steady Seepage
c:\program files\g72sw\wateree station\sta.45+00 - seismic.pl2   Run By: Username   7/7/2010   06:49PM

3

2

1

1

1

1

2

3

W1 W1

W1

W1

bcd
efg
hi j
a

# FS
a 1.15
b 1.15
c 1.16
d 1.16
e 1.16
f 1.16
g 1.16
h 1.16
i 1.16
j 1.16

Soil
Desc.

St CL/ML
Liq. SP
Liq. SM

Soil
Type
No.
1
2
3

Total
Unit Wt.

(pcf)
110.0
125.0
120.0

Saturated
Unit Wt.

(pcf)
120.0
135.0
130.0

Cohesion
Intercept

(psf)
1500.0

0.0
100.0

Friction
Angle
(deg)
0.0

17.0
14.0

GSTABL7 v.2  FSmin=1.15
Safety Factors Are Calculated By The Modified Bishop Method



0 40 80 120 160 200
20

60

100

140

180

SCE&G Wateree Station - Sta. 45+00 Earthquake - Steady Seepage
c:\program files\g72sw\wateree station\sta.45+00 - seismic.pl2   Run By: Username   7/7/2010   04:09PM

3

2

1

1

1

1

2

3

W1 W1

W1

W1

bcd efg hij
a

# FS
a 1.08
b 1.08
c 1.09
d 1.09
e 1.09
f 1.09
g 1.09
h 1.09
i 1.09
j 1.09

Soil
Desc.

St CL/ML
F SP
F SM

Soil
Type
No.
1
2
3

Total
Unit Wt.

(pcf)
110.0
125.0
120.0

Saturated
Unit Wt.

(pcf)
120.0
135.0
130.0

Cohesion
Intercept

(psf)
1500.0

0.0
100.0

Friction
Angle
(deg)
0.0

34.0
28.0

Load Value
Peak(A) 0.410(g)
kh Coef. 0.205(g)<

GSTABL7 v.2  FSmin=1.08
Safety Factors Are Calculated By The Modified Bishop Method
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SCE&G Wateree Station - Sta. 56+50 - Max. Storage Pool - Steady Seepage
c:\program files\g72sw\wateree station\sta. 56+50 - seismic.pl2   Run By: Username   7/7/2010   07:36PM

2

1

2

1
1

1

1

2

1

2

W1 W1

W1

L1bcd
efg
hij
a

# FS
a 2.35
b 2.35
c 2.36
d 2.36
e 2.36
f 2.36
g 2.36
h 2.37
i 2.37
j 2.37

Soil
Desc.

St. CL
VF SP

Soil
Type
No.
1
2

Total
Unit Wt.

(pcf)
110.0
120.0

Saturated
Unit Wt.

(pcf)
120.0
130.0

Cohesion
Intercept

(psf)
1500.0

0.0

Friction
Angle
(deg)
0.0

34.0

Load Value
L1 250 psf

GSTABL7 v.2  FSmin=2.35
Safety Factors Are Calculated By The Modified Bishop Method
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SCE&G Wateree Station - Sta. 56+50 - Liquefaction - Steady Seepage
c:\program files\g72sw\wateree station\sta. 56+50 - seismic.pl2   Run By: Username   7/7/2010   07:33PM

2

1

2

1
1

1

1

2

1

2

W1 W1

W1

W1

bcd
e fgh ij
a

# FS
a 1.31
b 1.31
c 1.32
d 1.32
e 1.32
f 1.32
g 1.32
h 1.32
i 1.32
j 1.32

Soil
Desc.

St. CL
Liq. SP

Soil
Type
No.
1
2

Total
Unit Wt.

(pcf)
110.0
120.0

Saturated
Unit Wt.

(pcf)
120.0
130.0

Cohesion
Intercept

(psf)
1500.0

0.0

Friction
Angle
(deg)
0.0

17.0

GSTABL7 v.2  FSmin=1.31
Safety Factors Are Calculated By The Modified Bishop Method
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SCE&G Wateree Station - Sta. 56+50 - Earthquake - Steady Seepage
c:\program files\g72sw\wateree station\sta. 56+50 - seismic.pl2   Run By: Username   7/7/2010   07:34PM

2

1

2

1
1

1

1

2

1

2

W1 W1

W1

W1

bcd
efg hij

a

# FS
a 1.17
b 1.17
c 1.17
d 1.17
e 1.17
f 1.18
g 1.18
h 1.18
i 1.18
j 1.18

Soil
Desc.

St. CL
VF SP

Soil
Type
No.
1
2

Total
Unit Wt.

(pcf)
110.0
120.0

Saturated
Unit Wt.

(pcf)
120.0
130.0

Cohesion
Intercept

(psf)
1500.0

0.0

Friction
Angle
(deg)
0.0

34.0

Load Value
Peak(A) 0.410(g)
kh Coef. 0.205(g)<

GSTABL7 v.2  FSmin=1.17
Safety Factors Are Calculated By The Modified Bishop Method
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SCE&G Wateree Station - Sta. 83+00 Max. Storage Pool - Steady Seepage
c:\program files\g72sw\wateree station\sta. 83+00 - seismic.pl2   Run By: Username   7/7/2010   04:41PM

1

1

1

1

1

2

1

W1 W1

W1 W1

L1
bc
de fgh i j

a

# FS
a 4.78
b 4.80
c 4.81
d 4.83
e 4.84
f 4.85
g 4.85
h 4.85
i 4.85
j 4.86

Soil
Desc.

VS CL
VF SP

Soil
Type
No.
1
2

Total
Unit Wt.

(pcf)
110.0
125.0

Saturated
Unit Wt.

(pcf)
120.0
135.0

Cohesion
Intercept

(psf)
1500.0

0.0

Friction
Angle
(deg)
0.0

35.0

Load Value
L1 250 psf

GSTABL7 v.2  FSmin=4.78
Safety Factors Are Calculated By The Modified Bishop Method
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SCE&G Wateree Station - Sta. 83+00 Liquefaction - Steady Seepage
c:\program files\g72sw\wateree station\sta. 83+00 - seismic.pl2   Run By: Username   7/7/2010   04:44PM

1

1

1

1

1

2

1

W1 W1

W1 W1

b
c

def
gh
ij
a

# FS
a 4.09
b 4.12
c 4.15
d 4.16
e 4.16
f 4.17
g 4.18
h 4.21
i 4.22
j 4.22

Soil
Desc.

VS CL
Liq. SP

Soil
Type
No.
1
2

Total
Unit Wt.

(pcf)
110.0
125.0

Saturated
Unit Wt.

(pcf)
120.0
135.0

Cohesion
Intercept

(psf)
1500.0

0.0

Friction
Angle
(deg)
0.0

17.0

GSTABL7 v.2  FSmin=4.09
Safety Factors Are Calculated By The Modified Bishop Method
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SCE&G Wateree Station - Sta. 83+00 Earthquake - Steady Seepage
c:\program files\g72sw\wateree station\sta. 83+00 - seismic.pl2   Run By: Username   7/7/2010   04:44PM

1

1

1

1

1

2

1

W1 W1

W1 W1

bcd
ef

g h
i j a

# FS
a 2.37
b 2.37
c 2.39
d 2.39
e 2.40
f 2.40
g 2.44
h 2.45
i 2.45
j 2.46

Soil
Desc.

VS CL
VF SP

Soil
Type
No.
1
2

Total
Unit Wt.

(pcf)
110.0
125.0

Saturated
Unit Wt.

(pcf)
120.0
135.0

Cohesion
Intercept

(psf)
1500.0

0.0

Friction
Angle
(deg)
0.0

35.0

Load Value
Peak(A) 0.410(g)
kh Coef. 0.205(g)<

GSTABL7 v.2  FSmin=2.37
Safety Factors Are Calculated By The Modified Bishop Method



ATTACHMENT 4 

4.1) FIGURE, 2 REGIONAL MAP, 5‐MILE RADIUS DOWNSTREAM 
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Pictures  66-82 , 85 & 86 are taken of or 

around the outlet and outfall.

Pictures  1-35 are taken of or around the 

FGD Blowdown Pond and the Landfill Pond.
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Photo 036: Internal Dike Photo 037: Pond 1 Discharge into Pond 2 

  

Photo 038: Internal Dike Upstream Slope Photo 039: Discharge into Pond 1 

  

Photo 040: Pond 1 Outlet Photo 041: Pond 1 Outlet 

 



  

Photo 042: Pond 2 Photo 043: Internal Dike Crest 

  

Photo 044: Internal Dike Slope Photo 045: Internal Dike Upstream Slope 

  

Photo 046: Internal Dike Upstream Slope Photo 047: Internal Dike Downstream Slope 

 



  

Photo 048: Internal Dike Downstream Slope Photo 049: Internal Dike Upstream Slope 

  

Photo 050: Internal Dike Upstream Slope Photo 051: Internal Dike Downstream Slope 

  

Photo 052: Pond 1 Upstream Slope Photo 053: Internal Dike Downstream Slope 

 



  

Photo 054: Pond 1 Photo 055: Pond 2  Crest  

  

Photo 056: Pond 2 Upstream Slope Photo 057: Pond 2 at Internal Dike 

  

Photo 058: Pond 1 Upstream Slope (Incised) Photo 059: Pond 2 Upstream Slope 

 



  

Photo 060: Pond 2 Upstream Slope (Erosion) Photo 061: Pond 2 Slope Erosion 

  

Photo 062: Pond 2 Upstream Slope Photo 063: Pond 2 Crest Looking Towards Outfall 

  

Photo 064: Pond 2 Upstream Slope Photo 065: Pond 2 Crest Looking Towards Outfall 

 



  

Photo 066: Outfall to Wateree River Photo 067: Parshall Flume at Outfall 

  

Photo 068: Water Level in Parshall Flume Photo 069: Discharge Pipe 

  

Photo 070: Outfall to Wateree River Photo 071: Outfall to Wateree River 

 



  

Photo 072: Storm Drainage Pipe at Outfall Photo 073: Pond 2 Outlet 

  

Photo 074: Pond 2 Photo 075: Pond 2 Upstream Slope 

  

Photo 076: Pond 2 Outlet Photo 077: Pond 2 Outlet 

 



  

Photo 078: Pond 2 Outlet Photo 079: Pond 2 Outlet 

  

Photo 080: Pond 2 Upstream Slope Photo 081: Pond 2  

  

Photo 082: Fenced Area near Pond 2 Outlet Photo 083: Pond 2 Upstream Slope 

 



  

Photo 084: Pond 2 Photo 085: Outfall to Wateree River 

  

Photo 086: Outfall to Wateree River Photo 087: Pond 2 Upstream Slope 

  

Photo 088: Pond 2 Upstream Slope Stabilization Photo 089: Pond 2 Downstream Slope 

 



  

Photo 090: Pond 2 Downstream Slope Photo 091: Pond 2 Downstream Close-up 

  

Photo 092: Pond 2 Downstream Slope Photo 093: Pond 2 Downstream Slope Bore Hole 

  

Photo 094: Pond 2 Upstream Slope Erosion Photo 095: Pond 2 Downstream Slope 

 



  

Photo 096: Pond 2 Downstream Slope Photo 097: Pond 2 Downstream Slope 

  

Photo 098: Pond 2 Downstream Slope Photo 099: Pond 2 Upstream Slope  

  

Photo 100: Pond 2 Upstream Slope Erosion Photo 101: Pond 2 Downstream Slope 

 



  

Photo 102: Pond 2 Downstream Slope Photo 103: Vegetation Establishing on D/S Slope 

  

Photo 104: Pond 2 Downstream Slope Erosion Photo 105: Pond 2 Downstream Slope 

  

Photo 106A: Pond 2 Upstream Slope Erosion Photo 106B: Pond 2 Upstream Slope Erosion 

 



  

Photo 107: Pond 2 Upstream Slope Erosion Photo 108: Pond 2 Downstream Toe (Wetlands) 

  

Photo 109: Pond 2 Downstream Slope Erosion Photo 110: Pond 2 Downstream Slope  

  

Photo 111: Pond 2 Upstream Slope Erosion Photo 112: Pond 2 Downstream Slope Erosion 

 



  

Photo 113: Pond 2 Crest (Water Ponding) Photo 114: Pond 2 Downstream Slope Erosion 

  

Photo 115: Pond 2 Upstream Slope Erosion Photo 116: Pond 2 Downstream Slope Erosion 

  

Photo 117: Pond 2 Upstream Slope Photo 118: Pond 2 Crest (Water Ponding) 

 



  

Photo 119: Past seepage monitoring area Photo 120: Pond 2 Downstream Slope  

  

Photo 121: Pond 2 Upstream Slope Photo 122: Downstream Seepage Area 

  

Photo 123: Pond 1 Photo 124: Pond 1 Upstream Slope 

 



  

Photo 125: Pond 1 Upstream Slope Photo 126: Pond 1 Upstream Slope 

  

Photo 127: Seepage along Pond 1 Photo 128: Seepage along Pond 1 

  

Photo 129: Seepage Area Photo 130: Pond 1 Downstream Slope 

 



  

Photo 131: Pond 1 Upstream Slope Photo 132: Pond 1 Upstream Slope 

     

Photo 133: Pond 1 Downstream Photo 134: Pond 1 Downstream  
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