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INTRODUCTION, SUMMARY CONCLUSIONS AND RECOMMENDATIONS 

 

The release of over five million cubic yards of coal combustion waste from the Tennessee Valley 

Authority’s Kingston, Tennessee facility in December 2008 flooded more than 300 acres of land, 

damaging homes and property.  In response the U.S. EPA is assessing the stability and 

functionality of coal combustion ash impoundments and other management units across the 

country and, as necessary, identifying any needed corrective measures.. 

 

This assessment of the stability and functionality of the Cross Generation Station coal 

combustion residue (CCR) management units are based on a review of available documents and 

on the site assessment conducted by Dewberry personnel on February 23, 2011.  We found the 

supporting technical documentation to be generally adequate (Section 1.1.3).  As detailed in 

Section 1.2.5, there are two recommendations based on field observations that may help to 

maintain a safe and trouble-free operation.  

 

In summary, the Cross Generation Station CCR management units (Gypsum Pond, Bottom Ash 

Pond 1, and Bottom Ash Pond 2) are generally SATISFACTORY for continued safe and reliable 

operation, with no recognized existing or potential management unit safety deficiencies within 

the parameters of design and operation considered appropriate for their low hazard potential 

classifications. 

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 impounded 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 as 

having 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 early 2009, the EPA sent a first wave of letters to coal-fired electric utilities seeking 

information on the safety of surface impoundments and similar facilities that receive liquid-borne 

material that store or dispose of coal combustion residue.  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 
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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 requested that utility companies identify all management units including surface 

impoundments or similar diked or bermed management units or management units designated as 

landfills that receive liquid-borne material used for the storage or disposal of residuals or by-

products from the combustion of coal, including, but not limited to, fly ash, bottom ash, boiler 

slag, or flue gas emission control residuals.  Utility companies provided information on the size, 

design, age and the amount of material placed in the units.  The EPA used the information 

received from the utilities to determine preliminarily which management units had or potentially 

could have High Hazard Potential ranking. 

 

The purpose of this report is to evaluate the condition and potential of residue release from 

management units for hazard potential classification.  This evaluation included a site visit.  

Prior to conducting the site visit, a two-person team reviewed the information submitted to EPA, 

reviewed any relevant publicly available information from state or federal agencies regarding the 

unit hazard potential classification (if any) and accepted information provided via telephone 

communication with the management unit owner.  

 

Factors considered in determining the hazard potential classification of the management units(s) 

included the age and size of the impoundment, the quantity of coal combustion residuals or by-

products that were stored or disposed of in these impoundments, its past operating history, and 

its geographic location relative to down gradient population centers and/or sensitive 

environmental systems.   

 

This report presents the opinion of the assessment team as to the potential of catastrophic failure 

and reports on the condition of the management unit(s).   

 

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 

residue 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 a one-day site visit, February 23, 

2011, and review of technical documentation provided by Santee Cooper. 

1.1.1 Conclusions Regarding the Structural Soundness of the Management 

Unit(s) 

Based on a review of the engineering data provided by the owner’s 

technical staff and Dewberry engineers’ observations during the site visit, 

the dike embankments and emergency outlets appear to be structurally 

sound under static loading conditions.  With respect to seismic stability 

and liquefaction potential, it appears that the dike embankments probably 

would safely withstand a low to moderate intensity earthquake with short 

duration, but they probably would not withstand the strong earthquake for 

which the main plant structures are designed.  The level of stability with 

respect to seismic loading appears to be commensurate with the low 

hazard potential rating of the dikes. 

1.1.2 Conclusions Regarding the Hydrologic/Hydraulic Safety of the 

Management Unit(s) 

No hydrologic/hydraulic analyses have been provided for the ash ponds or 

gypsum pond.  However, for purposes of this assessment rigorous analyses 

are not needed for evaluation of hydrologic safety of the ash ponds and 

gypsum pond, which are totally contained within perimeter dike systems 

and do not receive uncontrolled off-site drainage.  By inspection, the ash 

ponds and gypsum pond currently have adequate hydrologic safety for at 

least the 50-year “design” precipitation depth of 8.40 inches (0.70 foot), 

since there currently is more than sufficient flood storage volume between 

the normal operating water levels and the lowest crest elevations on the 

impounding dikes.   

1.1.3 Conclusions Regarding the Adequacy of Supporting Technical 

Documentation 

The supporting technical documentation is generally adequate for these 

dikes of low hazard potential.  Engineering documentation reviewed is 

contained in Appendix A (Doc 06 and Doc 08).  The documentation did 

not include hydrologic/hydraulic analyses, but as noted above, hydrologic 
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safety can be assessed simply on the basis of inspection of the ring-dike 

systems, which do not receive uncontrolled off-site drainage.  The 

documentation included both static and seismic stability analyses.  The 

static stability analyses are sufficient.  The seismic stability analyses were 

performed by the pseudo-static method.  There is a question as to the 

validity of using this method when there is the potential for some soils in 

the foundation to lose shear strength during strong earthquake shaking (see 

discussion in Section 7.3).  The documentation did not include 

liquefaction potential analysis of very loose to loose silty sands or excess 

deformation potential analysis of very soft to soft clays in the foundation 

soil profile under the dikes.  Because of the generally low consequences of 

failure of these dikes, performing detailed liquefaction/deformation studies 

and additional seismic stability analyses does not appear to be warranted 

at this time. 

1.1.4 Conclusions Regarding the Description of the Management Unit(s) 

The descriptions of the management units provided by the owner were an 

accurate representation of what Dewberry observed in the field. 

1.1.5 Conclusions Regarding the Field Observations 

Dewberry staff was provided access to all areas in the vicinity of the 

management units required to conduct a thorough filed observation.  The 

visible parts of the embankment dikes and emergency outlet structures 

were observed to have no signs of overstress, significant settlement, shear 

failure, or other signs of instability.  Embankments appear structurally 

sound.  There are no apparent indications of unsafe conditions or 

conditions needing emergency remedial action.  Some minor maintenance 

is needed (see Subsection 1.2.5). 

1.1.6 Conclusions Regarding the Adequacy of Maintenance and Methods of 

Operation 

The current maintenance and methods of operation appear to be adequate 

for the CCR management units.  There was no evidence of significant 

embankment repairs or prior releases observed during the field inspection.  

1.1.7 Conclusions Regarding the Adequacy of the Surveillance and Monitoring 

Program 
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The surveillance program appears to be adequate.  The management unit 

dikes do not have dedicated dam performance instrumentation, although 

groundwater levels are measured semi-annually in groundwater quality 

monitoring wells located on the crest of the ash pond dikes.  Based on the 

size of the dikes, the history of satisfactory performance, the current 

inspection program, and in the absence of problem or suspect conditions, 

there is no need for installation of performance monitoring 

instrumentation at this time 

1.1.8 Classification Regarding Suitability for Continued Safe and Reliable 

Operation 

The facility is generally SATISFACTORY for continued safe and 

reliable operation.  No existing or potential management unit safety 

deficiencies are recognized.  Although some engineering 

documentation is marginal, acceptable performance is expected under 

all applicable loading conditions (static, hydrologic, limited seismic) in 

accordance with the applicable criteria commensurate with low 

hazard potential classification. 

1.2 RECOMMENDATIONS 

1.2.1 Recommendations Regarding Maintenance 

It is recommended that routine maintenance pay particular attention to:  

a. Re-establishing good grass cover in areas of sparse grass growth 

and in areas eroded by surface runoff; 

b. Removing or otherwise controlling vegetation growing on (or in 

thin sediment on) the Fabriform revetment on the interior slopes of 

the ash pond dikes.  

1.2.2 Recommendations Regarding Continued Safe and Reliable Operation 

No recommendations appear warranted at this time. 

1.3 PARTICIPANTS AND ACKNOWLEDGEMENT 

1.3.1 List of Participants 

*Fred Tucker, Dewberry 

*Anne Lee, Dewberry 

  Levon Strickland, Santee Cooper 
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1.3.2 Acknowledgement and Signature 

We acknowledge that the management unit referenced herein has been assessed on February 23, 

2011. 

 

 

             

Fred Tucker, P.E.      Anne Lee, Civil Engineer 
Registered, SC 6836



DRAFT 

Cross GS 2-1 

Santee Cooper Coal Combustion Residue Impoundment  

Pineville, South Carolina Dam Assessment Report  

2.0 DESCRIPTION OF THE COAL COMBUSTION RESIDUE MANAGEMENT 

UNIT(S) 

 

2.1 LOCATION AND GENERAL DESCRIPTION 

The Cross Generation Station (Cross GS) is physically located on the east bank of 

the Diversion Canal in Berkeley County, South Carolina, approximately 5.2 miles 

northeast of Cross, South Carolina.  Cross GS is located on Cross Station Road, 

Pineville, South Carolina 29468.  Lake Marion is northwest of the Cross GS, and 

Lake Moultrie is southeast of Cross GS.  See Doc 01 in Appendix A for location of 

the Cross GS on an aerial map.  

The Cross GS has three CCR management units, Bottom Ash Pond 1, Bottom Ash 

Pond 2, and Gypsum Pond.  Bottom Ash Pond 1 and Bottom Ash Pond 2 function 

as one pond at normal operating water level.  Bottom Ash Pond 2 is connected to 

Bottom Ash Pond 1 with a trapezoidal notch cut through the original northeast side 

dike of Bottom Ash Pond 1.  Table 2.1 shows the summary of the size and 

dimensions of the CCR management unit dikes. 

Table 2.1: Summary of Dam Dimensions and Size 

  

Gypsum 

Pond 

Bottom Ash 

Pond 1 

Bottom Ash 

Pond 2 

Dam Height (ft)
1
 6 18 14 

Crest Width (ft) 15 15 & 30 15 & 24 

Length (ft) 1075 2293 6899 

Side Slopes (upstream) H:V 3:1 3:1 3:1 

Side Slopes (downstream) H:V 3:1 3:1 3:1 
1
From Santee Cooper response to EPA’s RFI dated March 17, 2009. 

 
 

2.2 COAL COMBUSTION RESIDUE HANDLING 

2.2.1 Fly Ash 

Fly ash is dry-handled and sold for use in cement production or 

transported by truck to a nearby landfill.  See Doc 02 in Appendix A for 

Ash Handling Flow Path and Section 8.1 for more detailed description of 

the ash handling operations. 
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2.2.2 Bottom Ash 

Bottom ash from the steam generator is collected in the bottom ash 

hoppers.  The bottom ash is sluiced to the Bottom Ash Pond 2 via a closed 

system process.   

2.2.3 Boiler Slag 

Boiler slag conveyance follows the bottom ash flow path from the boiler 

and sluiced to Bottom Ash Pond 2. 

2.2.4 Flue Gas Desulfurization Sludge 

Gypsum from the flue gas desulfurization systems is dewatered and is 

sold, landfilled, or stored onsite.  There are two gypsum dewatering 

processes, general gypsum dewatering and wallboard gypsum dewatering.  

Wallboard gypsum is sold to the market or stored onsite.  Gypsum 

produced for other uses is sold to the market or transported to the landfill.  

All gypsum is transported by truck.  Filtrate from the dewatering process 

is pumped to the Gypsum Pond.  Filtrate from the wallboard gypsum 

dewatering process is pumped to Bottom Ash Pond 2.  See Doc 02 in 

Appendix A for Flue Gas Desulfurization Systems and Gypsum Handling 

Flow Path.  Further description of the gypsum handling operation is 

included in Section 8.1. 

2.3 SIZE AND HAZARD CLASSIFICATION 

The Cross GS CCR impoundment dikes are not regulated by a federal or state 

agency and currently do not have federal or state hazard classifications.  Dams 

owned by the South Carolina Public Service Authority (Santee Cooper) are 

specifically exempted from state regulation in Section 72-2 Dam Classifications and 

Exemptions of the South Carolina Dams and Reservoirs Safety Act Regulations.  

Santee Cooper created an internal multi-disciplined team composed of professional 

engineers with backgrounds specializing in dam safety, environmental services, 

plant operations, and facility maintenance to evaluate the structural integrity and 

safety of the impoundments.  This task force established formal hazard ratings for 

each impoundment using nationally recognized criteria. 

For reference, the South Carolina Department of Health and Environmental Control 

(SCDHEC) Size Classification and Hazard Potential Classification criteria are 

shown in Table 2.2a and Table 2.2b, respectively; the Hazard Potential 

Classification adopted by the EPA is shown in Table 2.2c. 
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Based on data summarized in Tables 2.1 and 2.3, Bottom Ash Pond 1 and 2 

combined has a Small Size classification per the SCDHEC Size Classification 

criteria shown in Table 2.2a.  Although the combined total storage capacity of 

Bottom Ash Pond 1 and 2 is 1,388 acre-feet, the liquid (water) portion currently is 

on the order of 582 acre-feet and will shrink as the ponds fill with bottom ash.  The 

bulk of the bottom ash stored in the ash ponds is not expected to “flow” far through 

a postulated breach in the perimeter dike.  Failure of the embankment would release 

water and CCR onto surrounding flat wooded and swampy land owned by Santee 

Cooper.  Some of the CCR carried by the water may potentially reach Lake 

Moultrie or possibly the Diversion Canal (see discussion in Subsection 6.1.4).  

Failure would not likely cause loss of life but would cause some onsite 

environmental damage.  On the basis of the hazard potential classification criteria 

used by the EPA (see Table 2.2c), Santee Cooper has given Bottom Ash Ponds 1 

and 2 combined a Low Hazard Potential classification.  Dewberry concurs with this 

hazard potential classification. 

Based on data summarized in Tables 2.1 and 2.3, the Gypsum Pond has a Very 

Small Size classification per the SCDHEC Size Classification criteria shown in 

Table 2.2a.  Failure of the low dike impounding the 1-acre Gypsum Pond would 

discharge a small volume of water and CCR onto flat surrounding land owned by 

Santee Cooper.  The failure would not likely cause loss of life but would cause 

minor onsite environmental damage.  Santee Cooper has given the Gypsum Pond a 

“Less than Low” Hazard Potential classification (see Table 2.2c).  Dewberry 

concurs the classification should be Less Than Low Hazard Potential, since no or 

minimal environmental damage is likely. 

Table 2.2a: SC Size Classification* 

Category 

Impoundment Storage (Acre-

Feet) Dam Height (Feet) 

Very Small Less than 50 Less than 25 

Small Less than 1,000 but equal to or 

greater than 50 

Less than 40 but equal to or 

greater than 25 

Intermediate 

Less than 50,000 but equal to or 

greater than 1,000 

Less than 100 but  equal to or 

greater than 40 

Large Equal to or less than 50,000 Equal to or less than 100 

* Size classification may be determined by either storage or height of structure, whichever gives 

the higher category.  
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Table 2.2b: SC Hazard Potential Classification 

Category Hazard Potential 

High 

Hazard  

(Class I) 

Dams located where failure will likely cause loss of life or serious 

damage to home(s), industrial and commercial facilities, important 

public utilities, main highway(s) or railroad(s). 

Significant 

Hazard 

(Class II) 

Dams located where failure will not likely cause loss of life but may 

damage home(s), industrial and commercial facilities, secondary 

highway(s) or railroad(s) or cause interruption of use or service of 

relatively important public utilities. 

Low 

Hazard  

(Class III) 

Dams located where failure may cause minimal property damage to 

others.  Loss of life is not expected.   

 

Table 2.2c: Dam Hazard Potential Classification  

Used by EPA 

Category Hazard Potential Description 

High Hazard 

Potential 

Dams where failure or misoperation will probably cause loss 
of human life. 

Significant 

Hazard 

Potential 

Dams where failure or misoperation results in no probable 
loss of human life but can cause economic loss, 
environmental damage, disruption of lifeline facilities, or 
can impact other concerns.  Significant hazard potential 
classification dams are often located in predominantly rural 
or agricultural areas but could be located in areas with 
population and significant infrastructure. 

Low Hazard 

Potential 

 

Dams where failure or misoperation results in no probable 
loss of human life and low economic and/or environmental 
losses.  Losses are principally limited to the owner’s 
property. 

Less Than 

Low Hazard 

Potential 

Dams where failure or misoperation results in no probable 
loss of human life or economic or environmental losses.   
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2.4 AMOUNT AND TYPE OF RESIDUALS CURRENTLY CONTAINED IN THE 

UNIT(S) AND MAXIMUM CAPACITY 

The amount of CCRs currently stored in the units and maximum capacities are 

summarized in Table 2.3.  The Gypsum Pond is designed to contain flue gas 

emission control residuals.  Bottom Ash Ponds 1 and 2 are designed to contain 

bottom ash and boiler slag.  The bottom ash ponds also receive economizer ash and 

water pumped from the Gypsum Pond, the coal pile runoff retention basin, and 

plant drainage sumps.  Water from the bottom ash ponds is recycled for use as ash 

seal and ash sluice water, using a series of pumps at Bottom Ash Pond 1. 

Table 2.3: Amount of Residuals and Maximum Capacity of Unit 

Ash Pond Name Gypsum 

Pond 

Bottom Ash 

Pond 1 

Bottom Ash 

Pond 2 

Surface Area (acre)
1 1.0 12.8 79.0 

Current Storage 

Volume (cubic yards)
 

Varies 37,107 1,263,240 

Current Storage 

Volume (acre-feet)
1
 

Varies2 23 783 

Total Storage Capacity 

(cubic yards)
 

9,680 371,067 1,868,240 

Total Storage Capacity 
(acre-feet)

1
 

6 230 1,158 

Crest Elevation (feet) 85.81 95.31 91.00 

Normal Pond Level 

(feet) 

83.50 88.0 88.0 

1
From Santee Cooper response to EPA’s RFI dated March 17, 2009. 

  2
Continuous maintenance excavation occurs to remove gypsum to a permitted on-site landfill.  

2.5 PRINCIPAL PROJECT STRUCTURES 

2.5.1 Earth Embankment 

Bottom Ash Ponds 1 and 2 have perimeter dike embankments that have 

geometric features and crest elevations as shown above in Tables 2.1 and 

2.3.  The dimensions and elevations are from construction drawings shown 

in Doc 03 in Appendix A.  The wider crests occur on the embankments 

along the northwest side of Bottom Ash Pond 1 (30 feet wide) and the 

southwest side of Bottom Ash Pond 2 (24 feet wide), apparently to 

accommodate layout of various pipelines.  The original northeast side dike 

of Ash Pond 1 was breached with the 10-foot bottom width trapezoidal 

notch (spillway) when the Bottom Ash Pond dike was constructed, so that 
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the two ponds function as one pond at normal operating water level, which 

is several feet above the bottom elevation of the notch.  Bottom Ash Pond 

1 is lined with a 6-inch thick soil bentonite layer and the inside slopes 

were originally armored with riprap.  When Bottom Ash Pond 2 was 

constructed, Fabriform (grout-filled cellular fabric form) revetment was 

placed on top of the original riprap.  Bottom Ash Pond 2 is lined with 

Bentomat, which is a thin geocomposite of bentonite sandwiched between 

and contained by fabric layers; the inside slopes are armored with 

Fabriform to protect the liner and slope from wave erosion and exposure   

(see Subsection 7.1.2 for dike design parameters and dam materials).  No 

internal drainage blankets or toe drains for seepage control were included 

in the design of the dikes, but such seepage control features would not be 

warranted or expected for low perimeter dikes impounding lined ponds. 

The Gypsum Pond has a diked perimeter embankment that has geometric 

features and crest elevation shown in Tables 2.1 and 2.3, based on 

construction drawings shown in Doc 03 in Appendix A.  The material 

used in the construction of the dike is unknown, but believed to be similar 

to that used in the ash pond dikes.  The pond is lined with a 6-inch thick 

soil bentonite layer and the inside slopes are armored with riprap.  No 

internal drainage blankets or toe drains for seepage control were included 

in the design of the low dike. 

2.5.2 Outlet Structures 

Bottom Ash Pond 1 – There is a pump structure located on the southwest 

end of the pond.  Water is pumped back to the plant through two systems, 

the ash sluice system and the ash seal system.  An emergency overflow 

structure is also located at the southwest end of the pond.  The overflow 

structure consists of a 4-ft by 4-ft (interior opening dimensions) reinforced 

concrete box with an overflow weir elevation originally at 94.0 feet, but 

the weir was lowered to elevation 89.0 feet when Ash Pond 2 was 

constructed.  There is a handwheel that formerly controlled a sluice gate 

for the structure, but the gate and handwheel are no longer operational, 

since the level of ash in the pond is above the gate (i.e., the gate is buried).  

The top of the structure is at elevation 95.0 feet.  Emergency overflow 

discharges from the bottom of the overflow structure through an 18-inch 

diameter conduit.  According to drawings issued in 1982 for construction 

of Ash Pond 1, the outlet conduit is indicated to be concrete pipe; 

however, a plan issued in 2004 for construction of modifications at the 
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pump platform shows the outlet conduit to be an 18-inch diameter steel 

pipe.  The entrance invert elevation of the outlet pipe is at 78.0 feet 

according to original construction drawings (see Doc 03, Appendix A).   

Bottom Ash Pond 2 – There is a 10-foot bottom width trapezoidal notch 

(spillway weir) with 3 horizontal (H) to 1 vertical (V) side slopes located 

through the original northeast side dike of Bottom Ash Pond 1.  The 

trapezoidal notch is armored with Fabriform revetment.  The crest 

elevation of the trapezoidal weir is at 85.0 feet (see Doc 03, Appendix A).  

Water from Bottom Ash Pond 2 flows through the notch into Bottom Ash 

Pond 1.   

Gypsum Pond – There is a pump structure located on the northeast end of 

the pond.  Water is pumped from the pond to Bottom Ash Pond 2.  An 

emergency overflow structure is located at the southwest end of the pond.  

The overflow structure consists of a 4-ft by 4-ft (interior opening 

dimensions) reinforced concrete box with an overflow weir elevation at 

84.5 feet.  The top of the overflow structure is at elevation 85.5 feet.  

According to construction drawings, emergency overflow discharges from 

the bottom of the overflow structure through an 18-inch diameter concrete 

pipe to a receiving channel.  The invert elevation of the outlet pipe is at 

78.5 feet (see Doc 03, Appendix A).    

2.6 CRITICAL INFRASTRUCTURE WITHIN FIVE MILES DOWN GRADIENT 

A regional map showing Cross GS and the CCR ponds in relationship to “critical” 

infrastructure within a 5-mile radius was provided by Santee Cooper as shown in 

Doc 04 in Appendix A of this report.  “Critical” infrastructure includes facilities 

such as schools and hospitals.  There is one school within the 5-mile radius across 

the Diversion Canal. 
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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 

Furnished reports of quarterly inspections, conducted by Santee Cooper for the 

period December 2009 through February 2011 indicated no major structural or 

operational problems.  No significant deterioration was indicated in the 

documentation reviewed.  No other reports on the safety of the management units 

were provided. 

3.2 SUMMARY OF LOCAL, STATE, AND FEDERAL ENVIRONMENTAL 

PERMITS 

Discharge from the impoundment is regulated by the South Carolina Department of 

Health and Environmental Control (SCDHEC) and the impoundment has been 

issued a National Pollutant Discharge Elimination System Permit.  Permit No. 

SC0037401 was issued November 3, 2006. 

3.3 SUMMARY OF SPILL/RELEASE INCIDENTS 

Data reviewed by Dewberry did not indicate any spills, unpermitted releases, or 

other performance-related problems with the dikes over the last 10 years.  The data 

did identify a bypass incident (unpermitted release) related to the maintenance of 

the pH Trim system.  The release was not related to the performance of the dike or 

the emergency outlet structure.   
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4.0 SUMMARY OF HISTORY OF CONSTRUCTION AND OPERATION 

 

4.1 SUMMARY OF CONSTRUCTION HISTORY 

4.1.1 Original Construction 

Original construction included Bottom Ash Pond 1 and the Gypsum Pond.  

The ponds were constructed by Burns and Roe, Inc. and their 

subcontractor, Ruscon Construction.  Santee Cooper provided inspection 

and monitoring of construction.  Construction was started in 1982 and the 

ponds were commissioned for service in 1983, when Unit 2 (the first unit 

completed) came into service.  The construction drawings for these ponds 

are included in Doc 03 in Appendix A and appear to be the record 

drawings.   

Both ponds were formed on flat land with perimeter dike embankments 

constructed of onsite materials.  It appears that the pond areas were incised 

several feet below the original ground surface.   

The ash pond was significantly expanded to the northeast and northwest 

by the construction of Bottom Ash Pond 2.  The expansion created by 

Bottom Ash Pond 2 was constructed by Gilbert/Commonwealth.  Santee 

Cooper provided inspection and monitoring of construction.  The Bottom 

Ash Pond area was commissioned for service in 1995, when Unit 2 came 

into service.  Construction drawings for the expansion are included in Doc 

03 in Appendix A; it is not clear if they represent record drawings, since 

they are not sealed by a professional engineer.   

The expansion area was enclosed with a perimeter dike embankment that 

ties-in to Bottom Ash Pond 1 at the east corner of the pond at one end and 

at the northwest side dike of the pond at the other end.  The new dike 

embankments were constructed of onsite materials obtained primarily 

from excavation within the Bottom Ash Pond 2 area, which generally 

incised the pond bottom area several feet below the original ground 

surface, except in low areas of the pond where it appears that fill was 

required to prepare the subgrade for the Bentomat liner.  The liner was 

covered with a protective 1-foot thick layer of ash over the pond bottom 

and a 1-foot thick layer of structural fill or sand under the Fabriform 

revetment on the inside slopes of the new dike embankment.   
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The trapezoidal notch spillway was excavated through the original 

northeast side dike of Bottom Ash Pond 1 and lined with the Bentomat, 

which was protected with soil cushion and Fabriform revetment as 

described above.  Since the new dike around Bottom Ash Pond 2 was 

lower than the dike at Bottom Ash Pond 1 by more than 4 feet, the weir 

elevation at the emergency overflow structure was lowered 5 feet to 

elevation 89.0 feet.   

The pump structure at Ash Pond 1 was expanded to incorporate additional 

pumps and service structures for Unit 3.  The improvements included a 

new bulkhead system to retain the expanded platform for the new Unit 3 

pumps and structures.  A drawing for the expansion, issued by Parsons 

Energy & Chemicals Group Inc. in 2004 for construction, is included in 

Doc 03 in Appendix A; it is not clear if this drawing represents a record 

drawing, since a note on the drawing indicates that “this media should not 

be considered a certified document.”   

No other records of original construction are available.   

4.1.2 Significant Changes/Modifications in Design since Original Construction 

The only changes/modifications in design since original construction are 

those to the Bottom Ash Pond 1 structures to accommodate the expansion 

created by Bottom Ash Pond 2.  These changes are discussed in Section 

4.1.1 above.  There appear to have been no other significant changes or 

modifications in design since original construction. 

4.1.3 Significant Repairs/Rehabilitation since Original Construction 

There appear to have been no significant repairs/rehabilitation since the 

original construction of the CCR ponds.   

4.2 SUMMARY OF OPERATIONAL PROCEDURES 

4.2.1 Original Operational Procedures 

Furnished documents do not include the original operational procedures.  

Originally only Bottom Ash Pond 1 and the Gypsum Pond were in place.  

It is presumed that original operating procedures were similar to current 

procedures, as described in Section 8.1.  Ash from Unit 2 is sluiced 

directly into Bottom Ash Pond 1 where the suspended particles settle out 

and the water recycled back to the plant through separate ash sluice and 

ash seal water systems.  The sluice pipe was supported on a timber trestle 
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extending to the center of pond near the northeast end.  The original 

operating water level in the pond was at elevation 93.0 feet.  It is further 

presumed that filtrate from gypsum dewatering processes of the flue gas 

desulfurization systems was pumped into the Gypsum Pond, with water in 

this pond pumped to Bottom Ash Pond 1 and accumulated sediment 

(gypsum) excavated and removed to a permitted onsite landfill as needed 

to maintain storage capacity.  The water level in the Gypsum Pond was 

(and still is) maintained at or below 83.5 feet. 

4.2.2 Significant Changes in Operational Procedures and Original Startup 

After construction of the expansion created by Bottom Ash Pond 2, the 

sluice and wastewater flows, as well as discharge from the Gypsum Pond, 

were directed into that part of the combined ponds which are in series and 

function as one pond.  The operating water level in the combined ponds 

was lowered to elevation 88.0 feet from the original 93.0 feet in Bottom 

Ash Pond 1.  Originally, pyrite-containing economizer ash from the back 

of the boilers was deposited in the ash ponds, most notably in the 

northwest part of Bottom Ash Pond 2.  The pyrite is now removed and no 

pyrite-containing ash is deposited in the ash ponds. 

4.2.3 Current Operational Procedures 

See Section 8.1 for current operational procedures.  

4.2.4 Other Notable Events since Original Startup 

There are no other notable events since original startup. 

 

 



DRAFT 

Cross GS 5-1 

Santee Cooper Coal Combustion Residue Impoundment  

Pineville, South Carolina Dam Assessment Report  

5.0 FIELD OBSERVATIONS 

 

5.1 PROJECT OVERVIEW AND SIGNIFICANT FINDINGS 

Dewberry personnel Fred Tucker, P.E. and Anne Lee performed a site visit on 

Wednesday, February 23, 2011 in company with the participants listed in Section 

1.3.1. 

The site visit began mid-morning.  The weather conditions during the visit were 62 

degrees Fahrenheit, sunny, and dry.  Photographs were taken of conditions 

observed.  Please refer to the Dam Inspection Checklist in Appendix B for 

additional site visit information.  Selected photographs are included here for ease of 

visual reference.  All pictures were taken by Dewberry personnel during the site 

visit. 

The overall assessment of the CCR impoundment dikes was that they were in 

satisfactory condition and no significant findings were noted. 

5.2 EARTH EMBANKMENT - BOTTOM ASH POND 1 

5.2.1 Crest 

A typical view of the perimeter dike embankment crest of Bottom Ash 

Pond 1 is shown in Photograph 5.1.  The limerock-surfaced crest appeared 

to be in satisfactory condition with no major sags, depressions, or other 

signs of significant settlement.  No tension cracks which might suggest 

soil shear failure were observed in the crest or along the edge of the crest.  

The crest of the dike on the northeast side of Bottom Ash Pond 1is shown 

in Photograph 5.2, as viewed from the southeast end toward the location of 

the notch spillway through this dike.  A sparse grass cover has become 

established on this part of the crest, apparently due to low traffic on this 

dead-end section.  The grass appeared to be maintained.   
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Photograph 5.1. View of crest and inside slope, southeast side looking 

northeast. 

 

Photograph 5.2. View of crest and inside slope of Bottom Ash Pond 1 

northeast dike, looking northwest. 

5.2.2 Upstream/Inside Slope 

A typical view of the upstream slope of Bottom Ash Pond 1 is shown in 

Photograph 5.3.  (Note the wider crest with pipelines on the northwest side 

of Bottom Ash Pond 1.)  The Fabriform revetment that overlies the 

original riprap on the upstream slope was observed to have slight 

unevenness in its surface, but it appeared to be sound and generally free of 
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deterioration.  Patches of vegetation (primarily the reed, Phragmites) were 

observed on the upstream slopes, generally along and just above the water 

line or ash sediment line.  No slumps, slides, or other signs of shear failure 

were observed in the visible parts of the slopes above the water surface or 

ash surface.   

 

 

Photograph 5.3. Typical view of inside slope, northwest side looking 

southwest. 

5.2.3 Downstream/Outside Slope and Toe 

A typical view of the outside slope of Bottom Ash Pond 1 is shown in 

Photograph 5.4.  As shown, the grass was observed to be maintained in 

relatively good condition.  Minor erosion from mowing equipment was 

observed on the slope.  No areas of significant erosion were observed.  No 

obvious signs of slumps, slides, bulges, tension cracks, seepage, or animal 

holes were observed 

The area along the outside toe of the dike on the southeast side was 

observed to be covered in woody vegetation (Photograph 5.4).  The 

outside slope of the dike on the northwest side was observed to be covered 

with mowed grass; however, some erosion was observed along the outside 

toe of this section of the dike, as shown in Photograph 5.5.  There were no 

indications of seepage.   

 



DRAFT 

Cross GS 5-4 

Santee Cooper Coal Combustion Residue Impoundment  

Pineville, South Carolina Dam Assessment Report  

 

Photograph 5.4. Typical view of outside slope, southeast side looking 

northeast. 

 

Photograph 5.5. View of outside slope and toe, northwest side looking 

southwest. 

5.2.4 Abutments and Groin Areas 

There are no abutments or groins in the dike embankment.  No erosion or 

displacements were observed where the Bottom Ash Pond 2 dike ties into 

the Bottom Ash Pond 1 dike. 
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5.3 EARTH EMBANKMENT – BOTTOM ASH POND 2 

5.3.1 Crest 

Typical views of the perimeter dike embankment crest of Bottom Ash 

Pond 2 are shown in Photographs 5.6a and 5.6b.  The ash finger dike in 

the pond is visible in Photographs 5.6a.  The limerock-surfaced crest was 

observed to be in satisfactory condition.  No major sags, depressions, or 

other signs of significant settlement were observed in the crest.  No 

tension cracks or other signs of insipient mass soil movement were 

observed in the crest or along the edge of the crest. 

 

Photograph 5.6a. Typical view of crest and inside slope, northeast side 

looking northwest. 

5.3.2 Upstream/Inside Slope 

A typical view of the inside slope of Bottom Ash Pond 2 is shown in 

Photograph 5.6b (see also Photograph 5.6a).  The Fabriform revetment on 

the upstream inside slopes appeared to be serviceable and in generally 

satisfactory condition with no major depressions and no significant areas 

of deterioration.  Patches of vegetation (primarily Phragmites) were 

observed on the upstream slopes, generally along and just above the water 

line or ash sediment line, as shown in Photograph 5.6c.  No slumps, slides, 

or other signs of shear failure were observed in the visible parts of the 

slopes above the water surface or ash surface.   
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Photograph 5.6b. Typical view of inside slope and crest, east side 

looking north. 

 

Photograph 5.6c. View of reeds (Phragmites) growing on inside slope, 

northwest side looking south. 

5.3.3 Downstream/Outside Slope and Toe 

A typical view of the outside slope of Bottom Ash Pond 2 is shown in 

Photograph 5.7a.  As shown, the grass on the outside slope was typically 

observed to be maintained in satisfactory condition.  Minor erosion from 
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surface runoff or disturbance of mowing equipment was observed at a 

number of locations, typically along the toe, as shown by a typical view in 

Photograph 5.7b.  Santee Cooper personnel indicated that topsoil was not 

used on the outside slope for vegetation establishment.  No areas of major 

erosion were observed.  No obvious signs of slumps, slides, bulges, 

tension cracks, seepage, or animal holes were observed on the outside 

slope. 

 

Photograph 5.7a. Typical view of outside slope and toe, east side 

looking north. 
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Photograph 5.7b. View of outside slope and toe, northwest side 

looking southwest. 

A water-filled perimeter ditch is located along the outside toe, which 

restricts access of mowers.  Therefore, tall grass was observed to typically 

occur along the toe (see Photograph 5.7b).  There were no obvious signs 

of seepage from the toe. 

5.4 EARTH EMBANKMENT - GYPSUM POND 

5.4.1 Crest 

A typical view of the perimeter dike embankment crest of the Gypsum 

Pond is shown in Photograph 5.8.  The finger dike embankment used for 

excavating/hauling equipment access is shown in Photograph 5.9a.  The 

crest was observed to be in satisfactory condition.  It appeared to be 

somewhat wider than the 15-foot design width.  No major sags, 

depressions, or other signs of significant settlement were observed in the 

crest.  No tension cracks were observed in the crest or along the edge of 

the crest. 



DRAFT 

Cross GS 5-9 

Santee Cooper Coal Combustion Residue Impoundment  

Pineville, South Carolina Dam Assessment Report  

 

Photograph 5.8. Typical view of crest, southwest side looking 

southeast. 

 

Photograph 5.9a. View of crest, inside slope, finger dike, and 

emergency overflow structure, northwest side looking southwest. 

5.4.2 Upstream/Inside Slope 

Typical views of the inside slope of the Gypsum Pond are shown in 

Photographs 5.9a and 5.9b.  Riprap was observed to cover the inside slope 

of the dike embankment.   
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The slope of the riprap above the water level appeared steeper than the 3H 

to 1V design slope of the embankment.  The slopes of the finger dike 

within the pond were observed to be bare earth.  No slumps, slides, or 

other signs of shear failure were observed in the visible parts of the slopes 

above the water surface.    

 

Photograph 5.9b. Typical view of inside slope, southeast side looking 

northeast. 

5.4.3 Downstream/Outside Slope and Toe 

A typical view of the outside slope and toe of the Gypsum Pond dike 

embankment is shown in Photograph 5.10.  As shown, the grass on the 

outside slope was typically observed to be maintained in satisfactory 

condition.  No areas of significant erosion were observed.  No obvious 

signs of slumps, slides, bulges, tension cracks, seepage, or animal holes 

were observed. 

A drainage ditch along the outside toe of the pond conveys runoff to a 

ditch downstream of the emergency overflow outfall.  There were no 

obvious signs of seepage from the toe.   
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Photograph 5.10. View of outside slope and toe, southwest side looking 

southeast. 

5.4.4 Abutments and Groin Areas 

There are no abutments or groins in the dike embankment.  However, no 

erosion or displacements were observed where the finger dike ties into the 

perimeter dike. 

5.5 OUTLET STRUCTURES – BOTTOM ASH POND 1 

5.5.1 Overflow Structure 

Bottom Ash Pond 1 has an emergency outfall structure, see Section 5.5.3.     

5.5.2 Emergency Spillway (Emergency Outfall Structure) 

Photograph 5.11a shows the emergency overflow structure and the access 

footbridge to the structure.  The galvanized steel-frame footbridge had 

some rust but appeared sound.  The reinforced concrete box with overflow 

weir appeared to be in satisfactory condition with no major cracks, spalls, 

or other deterioration.  A view of the weir on the front side of the overflow 

structure is shown in Photograph 5.11b.  It was observed that the overflow 

structure was buried with ash almost to the elevation of the weir.  A 

handwheel that accesses the sluice gate was observed to be rusted but 

sound; however, the handwheel is not used since the sluice gate is buried 

with ash and inoperable.   
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Photograph 5.11a. Emergency overflow structure. 

The emergency overflow structure has bottom discharge into an 18-inch 

diameter conduit through the dike.  The discharge end of the emergency 

outlet conduit, shown in Photograph 5.12, appeared to be steel pipe with a 

smooth PVC liner.  The visible part of the emergency outlet conduit 

appeared to be sound.  It appeared that discharges from the pipe would 

flow into a wetland area and ultimately into the Diversion Canal.   

 

Photograph 5.11b. View (from above) down toward weir in 

emergency overflow structure. 



DRAFT 

Cross GS 5-13 

Santee Cooper Coal Combustion Residue Impoundment  

Pineville, South Carolina Dam Assessment Report  

 

Photograph 5.12. Discharge end of emergency outlet conduit. 

5.5.3 Low Level Outlet 

There is no low level outlet.   

5.5.4 Pump Structures 

Pump structures are located on the southeast side dike of the pond.  Water 

is pumped from Bottom Ash Pond 1 through two systems back to the plant 

for reuse.  One system is the ash sluice system and the other is the ash seal 

system.  Photograph 5.13 shows several ash sluice system pipes from the 

pond.  The pipes and equipment appeared to be well maintained.  It 

appeared that one pump (of many) had been removed for service.  The 

visible part of the bulkhead around the pump platform appeared to be in 

sound condition. 
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Photograph 5.13. Ash sluice lines to plant. 

5.6 OUTLET STRUCTURES – BOTTOM ASH POND 2 

5.6.1 Overflow Structure 

Water flows from Bottom Ash Pond 2 to Bottom Ash Pond 1 through a 

trapezoidal notch weir (spillway).  A view of the notch weir is shown in 

Photograph 5.14.  The Fabriform-armored notch appeared to be in overall 

satisfactory condition with no major depressions, displacements, or 

deterioration.  It was observed that some vegetation has become 

established on the Fabriform revetment, particularly along the seams. 

 

 

 

 



DRAFT 

Cross GS 5-15 

Santee Cooper Coal Combustion Residue Impoundment  

Pineville, South Carolina Dam Assessment Report  

 

Photograph 5.14. Trapezoidal notch weir. 

5.6.2 Outlet Conduit 

There is no outlet conduit. 

5.6.3 Emergency Spillway 

There is no emergency spillway. 

5.6.4 Low Level Outlet 

There is no low level outlet. 

5.7 OUTLET STRUCTURES – GYPSUM POND 

5.7.1 Overflow Structure 

The Gypsum Pond has an emergency outfall structure.  Observations of 

the overflow structure associated with the emergency outfall structure are 

included in Subsection 5.7.3. 

5.7.2 Outlet Conduit 

Observations of the outlet conduit associated with the emergency outfall 

structure are included in Subsection 5.7.3. 

5.7.3 Emergency Spillway (Emergency Outfall Structure) 
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The emergency outfall structure and the access footbridge (in part) is 

shown in Photograph 5.15; it is of the same design as the emergency 

outfall for the ash ponds.  The galvanized steel-frame footbridge appeared 

to be in sound condition with no significant rust.  The reinforced concrete 

box with overflow weir appeared to be in satisfactory condition with no 

major cracks, spalls, or other deterioration.   

 

Photograph 5.15. Emergency overflow structure. 

As at the ash ponds, the emergency overflow structure has bottom 

discharge into an 18-inch diameter conduit through the dike.  The 

discharge end of the emergency outlet conduit, shown in Photograph 5.16, 

appeared to be the same kind of pipe as observed at the ash ponds, i.e., 

steel pipe with a smooth PVC liner.  The visible part of the emergency 

outlet conduit appeared to be sound.  Discharges from the pipe flow into a 

drainage ditch at the outside toe. 
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Photograph 5.16. Emergency outlet conduit. 

5.7.4 Low Level Outlet 

There is no low level outlet. 

5.7.5 Pump Structure 

There is a pump structure that conveys water from the Gypsum Pond to 

Bottom Ash Pond 2.  The pump is triggered once the water surface 

elevation reaches a set elevation.  An auxiliary pump is located adjacent to 

the permanent pump structure.  A view of the pump platform is shown in 

Photograph 5.17.  The pump structure and associated equipment appeared 

to be in satisfactory condition.  The pipe outlet conduits from the pump 

system at the Gypsum Pond are shown in Photograph 5.18.  The pipes 

convey water from the Gypsum Pond to Bottom Ash Pond 2. 
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Photograph 5.17. View of discharge pump structure and auxiliary 

pump, looking northeast. 

 

Photograph 5.18. View of pipes conveying water from Gypsum Pond 

to Bottom Ash Pond 2. 
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6.0 HYDROLOGIC/HYDRAULIC SAFETY 

 

6.1 SUPPORTING TECHNICAL DOCUMENTATION 

6.1.1 Flood of Record 

The historical maximum water surface elevation in the ash ponds was 

slightly above 89.2 feet, which is the actual elevation of the weir at the 

emergency overflow structure at the southwest end of Bottom Ash Pond 1, 

causing water to flow through the emergency outflow structure.  This 

maximum water surface elevation was not due to any particularly severe 

flood condition, but due to a mishap in January 2009, when all water was 

returned to the ash ponds during and just after the pH Trim system was 

taken out of service for several days to repair a leak (i.e., there was no 

outflow through the treatment system for several days).  With the water 

surface at the emergency overflow weir elevation the freeboard in Bottom 

Ash Pond 1 was approximately 6.1 feet and the freeboard in Bottom Ash 

Pond 2 was approximately 1.8 feet.  

No documentation has been provided about the maximum water surface 

elevation in the gypsum pond.  Since there have been no reported flows 

through the emergency overflow structure, the water surface presumably 

has always been below the emergency overflow weir elevation of 84.5 feet 

(according to design drawings), leaving more than 1.3 feet of freeboard.  

6.1.2 Inflow Design Flood 

The ash ponds and gypsum pond at the Cross Generating Station do not 

receive uncontrolled inflows from off-site.  Santee Cooper representatives 

indicated that drainage structures at the station are designed for the 25-

year frequency, 24-hour duration rainfall event.  Presumably, the 

emergency outlet structures at the ash ponds and gypsum pond are 

designed for at least this event. 

For ponds that are totally contained within a perimeter dike system, such 

as the ash ponds and gypsum pond at the Cross Generating Station, safe 

containment of water within the basins is provided by maintaining 

sufficient freeboard to contain 100 percent of design precipitation over the 

pond areas. 

As previously mentioned, the SCDHEC Dams and Reservoirs Safety Act 

Regulations specifically exclude state regulation of dams owned and 
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operated by the South Carolina Public Service Authority (Santee Cooper).  

The state recognizes Santee Cooper’s jurisdiction over its own dams; 

therefore safety of those dams comes under Santee Cooper’s purview, and 

Santee Cooper has the authority to set the safety standard.  Santee Cooper 

has set up a task force to evaluate the structural integrity and safety of its 

impoundments and to establish hazard potential ratings for each 

impoundment using nationally recognized criteria.  This task force is 

expected to set the safety standard for impounding structures such as those 

at the Cross Generating Station.  If Santee Cooper’s hazard potential 

ratings and safety standards closely follow those given in the South 

Carolina dam safety regulations, the Cross ash ponds and gypsum pond 

would have spillway design floods as indicated below: 

Bottom Ash Pond 1/Bottom Ash Pond 2 – Based on Small Size 

Classification and Low Hazard Potential Classification, the spillway 

design flood (SDF) criterion is 50- to 100-year frequency.  The state 

requires new dams to be designed for the upper end of this range.  

Presumably, existing impoundments should be satisfactory for at least the 

lower end of this range.  The precipitation depths at the Cross Generating 

Station ash pond coordinates, assuming 24-hour duration, are 8.40 inches 

and 9.59 inches for 50-year frequency and 100-year frequency, 

respectively, from the National Weather Service’s on-line Precipitation 

Frequency Data Server, which gives point precipitation frequency 

estimates from “Precipitation-Frequency Atlas of the United States” 

NOAA Atlas 14, Volume 2, Version 3, 2004. 

Gypsum Pond – Because of the very low storage capacity of the gypsum 

pond (< 50 acre feet), very low height of the impounding dike (< 25 feet), 

and very low consequences of failure, the gypsum pond dike would be 

exempt from state regulation even if it did not come under Santee 

Cooper’s authority.  Therefore, the state would have no SDF criterion for 

the gypsum pond dike.  The 25-year frequency, 24-hour duration storm 

event used for drainage design at Cross appears to be the appropriate 

design requirement for gypsum pond.  From the above noted reference the 

precipitation depth for this frequency and duration is 7.29 inches. 

6.1.3 Spillway Rating 

No spillway rating was provided for the emergency outlet works at the ash 

ponds and the gypsum pond.  However, no outfall is assumed in the 

assessment in Section 6.3 
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6.1.4 Downstream Flood Analysis 

No downstream flood analysis has been provided for the ash ponds and 

gypsum pond.  A qualitative analysis based on field observations and 

review of available data is as follows: 

Bottom Ash Pond 1/Bottom Ash Pond 2 - Failure of the perimeter dike 

around the ash ponds would release water and coal combustion residue 

(CCR) carried by the water onto flat surrounding wooded and swampy 

land owned by Santee Cooper.  The failure would not likely cause loss of 

life but would cause some onsite environmental damage.   

An overtopping breach would most likely occur over the lower dike that 

impounds Bottom Ash Pond 2 and probably over the dike sections along 

the southeast, east, northeast, and north sides of the pond, where CCR 

sediment has not yet built up to the operating water level in the pond.  

With a breach through this portion of the perimeter dike some coal 

combustion residue could potentially be carried along slight-graded 

drainage features to reach Lake Moultrie approximately ½ mile away, 

where several dozen or more lake homes are located on lots leased from 

Santee Cooper.  Because of the low head above outside toe elevations and 

flat topography, flood water from a postulated dam breach is expected to 

have low flow velocity and low flow depth when it reaches Lake Moultrie.  

In addition, most of the bottom ash would likely be deposited on the flat 

ground before reaching the lake.   

A less-likely breach through the higher perimeter dike around Bottom Ash 

Pond 1 would release water carrying eroded CCR into wooded, swampy 

land and slight-graded drainage features to the Diversion Canal 

approximately 1 mile away or to Lake Moultrie; again, most of the bottom 

ash would likely be deposited on the flat land before reaching the 

Diversion Canal or the lake.  A breach through the dike around Bottom 

Ash Pond 1 would release less water than a breach through the dike 

around Bottom Ash Pond 2, because the control section of the spillway 

notch between the two ponds would prevent water below elevation 85 feet 

from leaving the much larger Bottom Ash Pond 2. 

Gypsum Pond - Failure of the low dike impounding the 1-acre Gypsum 

Pond would discharge coal combustion residue onto flat surrounding land 

owned by Santee Cooper.  The failure would not likely cause loss of life 

but would cause minor onsite environmental damage.  Due to the low head 
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above outside grade and low volume of water and coal combustion 

residue, the water and material released would most likely be entirely 

contained within the plant boundaries and likely would not reach Lake 

Moultrie or the Diversion Canal. 

6.2 ADEQUACY OF SUPPORTING TECHNICAL DOCUMENTATION 

No hydrologic/hydraulic analyses have been provided for the ash ponds or gypsum 

pond.  However, for purposes of this assessment rigorous analyses are not needed 

for evaluation of hydrologic safety of the ash ponds and gypsum pond, which are 

totally contained within perimeter dike systems and do not receive uncontrolled off-

site drainage.  A simple assessment as discussed in the following section is 

sufficient. 

6.3 ASSESSMENT OF HYDROLOGIC/HYDRAULIC SAFETY 

By inspection, the ash ponds and gypsum pond currently have adequate hydrologic 

safety for the “design” precipitation depths given in Subsection 6.1.2, since there 

currently is more than sufficient flood storage volume between the normal operating 

water levels and the lowest crest elevations on the impounding dikes.  The ash 

ponds will continue to have adequate hydrologic safety unless the average surface 

elevation of ash builds up to less than the design precipitation depths (0.70 foot for 

the 50-year design storm or about 0.8 foot for a 100-year design storm, both of 24-

hour duration) below the top of the Bottom Ash Pond 2 Dike.  Even then, the 

volume of water that could potentially be released would be quite small 

(approximately 64 acre feet for the 50-year design storm) and the consequences of 

overtopping would be relatively minor.  

Likewise, the gypsum pond will continue to have adequate hydrologic safety unless 

the average surface elevation of sediment builds up to less than the design 

precipitation depth (0.61 foot for the 25-year, 24-hour duration design storm) below 

the top of the Gypsum Pond Dike.  However, because of the periodic maintenance 

cleaning of sediment in the gypsum pond, the sediment level should never reach 

such a high level and most likely will always be maintained below the emergency 

overflow weir, which is 1.31 feet below the top of the dike. 

This assessment conservatively assumes no outflow through the emergency 

overflow structures and no rainfall infiltration into the bottom ash that lies above 

the normal operating water level in the ash ponds. 
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7.0 STRUCTURAL STABILITY 

 

7.1 SUPPORTING TECHNICAL DOCUMENTATION 

7.1.1 Stability Analyses and Load Cases Analyzed 

The designer of record for Bottom Ash Pond 1 and the Gypsum Pond was 

Lockwood Greene (LG), Spartanburg, SC, working with Burns and Roe 

(B&R), Paramus, NJ.  The designer of record for the ash pond expansion, 

which includes Bottom Ash Pond 2, was Gilbert/Commonwealth (G/C), 

Reading, PA.  Law Engineering Testing Company (Law), Charlotte, NC, 

working for B&R, performed preliminary stability analyses as part of 

subsurface investigations of the Cross Generating Station site in the late 

1970s, before specific locations and alignments of the CCR impoundment 

dikes had been established.  The findings and results that pertained to the 

proposed waste disposal areas (CCR impoundments) are included in 

Law’s Final Report, Volume 2 dated February 9, 1979; Volume 2 included 

the Phase 2 Report, which covered those structures and support facilities 

outside the main plant area.  Selected test boring records, profiles, and 

laboratory data from this report were provided by Santee Cooper 

(Appendix A Doc 06). 

Detailed subsurface investigations for Unit 2, the first unit to be built, and 

associated structures, among them the ash pond (Bottom Ash Pond 1), 

were performed by Woodward-Clyde Consultants (W-C), working for 

B&R.  W-C performed stability analyses of the dike embankment for 

Bottom Ash Pond 1.  The stability analyses, as well as findings and 

recommendations, are presented in W-C’s Unit 2 Subsurface Investigation 

report dated January 1981; selected parts of this report were provided by 

Santee Cooper (see Appendix A, Doc 07).  Static stability was calculated 

using both total and effective stress analyses.  The cases analyzed were: 

1. 19-ft High Dike, Undrained Strength (pond full @ El. 93) 
2. 24-ft High Dike, Undrained Strength (pond full @ El. 93) 
3. 24-ft High Dike, Drained Strength w/ Seepage (pond full @ El. 

93) 
 

According to the W-C report, Case 1 assumed 5 feet of excavation below 

original ground surface within the pond area.  Cases 1 and 2 (total stress 

analyses) assumed no seepage through the embankment, since the pond 

was designed to have a low permeability liner.  Case 3 (effective stress 
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analysis) was a check of stability in case the liner should leak and develop 

a line of seepage (phreatic line) through the embankment, in which case 

drained shear strength and steady-state seepage conditions were assumed.  

From the discussion and illustrations in the W-C report it is not clear 

which slope was analyzed (inside or outside or both) and why 5 feet of 

excavation of the interior of the pond is associated with the 19-foot high 

dike slope, rather than the 24-foot high sections.  In addition, the inside 

and outside slopes are not indicated but are presumed to be 3 H to 1 V, 

based on furnished design drawings.  The crest width is shown as 15 feet.  

Rapid drawdown was not analyzed as it was considered not to be a 

condition that the ash pond would experience.  Seismic loading also was 

not analyzed.   

G/C performed stability analyses of the dike embankment for the 

expansion (Bottom Ash Pond 2).  Selected parts of the stability 

calculations identified as S-SL173-4, approved March 4, 1992 were 

provided by Santee Cooper (see Appendix A Doc 08).  The stated 

purposes of the calculations were to “Evaluate stability of the proposed 

new dike with respect to earthquake coefficient (acceleration) and also 

compare it with the stability of the existing dike.”  Thus, the case of 

loading was seismic stability, which appears to have used the pseudo-

static method.  The pseudo static analysis assumes that the soils will not 

lose shear strengths (liquefy) under the shear strains produced by the 

cyclic loading of the seismic forces.  Factors of safety were computed for 

various assumed seismic coefficients ranging from 0.00g (static case) up 

to as much as 0.45g for a couple of sections, using the computer program 

STABR/G.  Two sections of the dike expansion (Bottom Ash Pond 2), 

west side and east side, and one section of the existing dike (Bottom Ash 

Pond 1) near the juncture with the new dike on the east side were 

analyzed.  Different foundation soil stratification was used for the east side 

versus the west side.  Both inside and outside slopes at 3H to 1V were 

analyzed.  The outside slopes of the new dike were assumed to be 13 feet 

high, relative to 19 feet high for the existing dike; the inside slopes of the 

new dike were assumed to be 15 feet high, relative to 20 feet high for the 

existing dike (due to interior being incised).    

No specific stability analysis appears to have been performed for the 

Gypsum Pond Dike.  However, because this dike is lower than the ash 

pond dikes and has similar design, its stability presumably was judged to 
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be equivalent to or better than indicated by analyses of stability of the ash 

pond dikes. 

7.1.2 Design Parameters and Dam Materials 

The soil design properties and parameters used in Woodward-Clyde’s 

stability analysis of the original dike (Bottom Ash Pond 1) are shown in 

Table 7.1.  The predominant borrow soil available for construction of this 

dike embankment from excavation within the pond appears to have been 

assumed to consist of predominantly silty sandy clay and clayey sand.  

The upper foundation layer was assumed to be clayey sand and sandy clay 

and the lower foundation layer was assumed to be silty clay with fine sand 

lenses.  A limestone layer (Santee formation) was assumed to occur at the 

base of the lower foundation layer. 

 

 

 

 

 

 

 

 

      See Doc 07 in Appendix A for source of information in this table. 

The soil design properties and parameters used in Gilbert 

Commonwealth’s stability analysis of the newer dike (Bottom Ash Pond 

2) are shown in Table 7.2.  The embankment fill was assumed to consist of 

predominantly clayey sand (Unified Soil Classification of SC).  It appears 

that the strength parameters used for the fill of the newer dike were taken 

as the average of estimated drained and undrained strength parameters, 

whereas the strength parameters for the original dike were taken as the 

undrained strength parameters.  The more critical foundation soil 

stratification apparently occurred at the analysis section on the east side of 

the pond near the juncture with the original dike; thus only the soil 

properties and parameters of the foundation layers for the east side dike 

are shown in Table 7.2.  The upper foundation layer was assumed to be 

clayey sand/ sandy clay (SC-CL) and the lower foundation layer was 

Table 7.1: Design Properties and Parameters of Materials Used in  

W-C’s Analyses 

Material 

 
Total Unit Wt. 

(pcf) 
 

Undrained 
Strength Parameters 

Cases 1 & 2 

Drained 
Strength Parameters 

Case 3 

C (psf) Ø (deg) C  ́(psf) Ø  ́(deg) 

Embankment (0-19’) 120 800 0 0 26 

Foundation (19’-29’) 115 1000 0 0 26 

Foundation (29’-44’) 100 300 0 0 22 
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assumed to be soft high plasticity clay (CH).  Similar foundation soil 

stratification was assumed under the original dike, although the upper 

foundation soil layer was thicker and the lower foundation soil layer was 

very soft.  Undrained strength parameters were assumed for all the 

foundation soil layers under both the newer on the dike east side and the 

original dike.  The Santee Limestone was assumed to occur at the base of 

the lower foundation layers.  It appears that ash deposits in the ponds were 

assumed to have shear strength with alternative parameters as indicated in 

Table 7.2.  It is not entirely clear from the documentation, but it appears 

that the ash strength was taken into consideration only in additional 

analyses of the outside slopes, to check any beneficial effect of the 

presence of the ash on outside slope stability.  The assumed level of ash in 

the pond was not specifically stated, but presumably it was set at the 

operating water level.      

 

 

 

 

 

 

 

 

 

 

 

 

  

 

  

  

  See Doc 08 in Appendix A for source of information in this table. 

Table 7.2: Design Properties and Parameters of Materials Used in  

G/C’s Analyses 

Material 

 
Total Unit 
Wt. (pcf) 

 

Undrained 
Strength Parameters 

Avg. Drained & 
Undrained 

Strength Parameters 

C (psf) Ø (deg) C (psf) Ø (deg) 

New Dike East Side:      

Embankment (0-13’) 125 - 0 675 33 

Foundation (13’-23’) 124.5 1000 0 - - 

Foundation (23’-33’) 100.5 400 0 - - 

Original Dike:      

Embankment (0-20’) 125 1000 0 - - 

Foundation (20’-35’) 124.5 750 0 - - 

Foundation (35’-45’) 100.5 300 0 - - 

Pond Contents:      

Ash 80 

Alt.    

100.5 

0 

100 

10 

15 

. 

- 

. 

- 
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7.1.3 Uplift and/or Phreatic Surface Assumptions 

In Woodward-Clydes’s total stress analyses (Cases 1 and 2) of stability of 

the dike embankment (Bottom Ash Pond 1) no phreatic surface or line was 

assumed to develop in the embankment; the pond maximum operating 

water surface elevation was assumed to be at elevation 93 feet.  In W-C’s 

effective stress analysis (Case 3), which assumed failure of the liner and 

development of seepage through the dike embankment, the phreatic line 

was assumed to extend linearly through the embankment section from the 

maximum operating water surface elevation of 93 feet at the interior slope 

to a crop-out point on the exterior slope located 8 vertical feet above the 

outside toe of the embankment.  In Gilbert/Commonwealth’s seismic 

stability analyses of the newer dike (Bottom Ash Pond 2) and the original 

dike (Bottom Ash Pond 1) phreatic lines were conservatively assumed to 

develop through the embankment analysis sections, extending linearly 

from the maximum operating water surface elevation (88 feet on the 

newer dike and 93 feet, as well as 88 feet, on the original dike) at the 

interior slope to the outside toes of the embankments. 

From visual observations in the field and review of monitoring well water 

level readings, there is no evidence of seepage outcrops on the outside 

slopes of any of the CCR impoundment dikes and no indications that a 

phreatic surface has developed through dike embankments.  

7.1.4 Factors of Safety and Base Stresses 

The computed factors of safety for the three cases W-C analyzed for static 

stability of the original dike (Bottom Ash Pond 1) are shown in the Table 

7.3 below.  The text of the W-C report is “sketchy” and unclear as to 

which slopes, inside or outside, the computed factors of safety apply.  

Since the interior of the pond was planned to be incised by excavation to 

as much as 5 feet below original grade, it would appear that the indicated 

24-foot high dike section referred to the inside slope, and the indicated 19-

foot high dike section referred to the outer slope.  However, parenthetical 

notes in the text indicate “5 ft of excavation in pond interior” next to the 

19-foot dike, and “no excavation in pond interior” next to the 24-foot dike; 

it seems likely that these notes were mistakenly interchanged.  W-C’s 

analyses did not indicate what factor of safety (FS) criteria were adopted 

for design.  The U.S. Army Corps of Engineers (USACE) recommends 

minimum FS criteria for dams are 1.5 (long term, steady state seepage – 
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consolidated drained strengths) and 1.3 (short term, i.e., end-of-

construction – unconsolidated undrained strengths). 

 

D
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   See Doc 07 in Appendix A for source of information in this table. 

A summary of computed factors of safety from G/C’s seismic (pseudo-

static) stability analyses of the more critical analysis section (east side) of 

the newer dike (Bottom Ash Pond 2), as well as analysis sections of the 

original dike (Bottom Ash Pond 1) at the juncture with the newer dike and 

at the location of worst foundation soil conditions, is presented in Table 

7.4 below.  G/C’s analyses calculated factors of safety for various 

assumed seismic coefficients, but did not indicate which seismic 

coefficient was adopted for design.  Factors of safety versus earthquake 

(seismic) coefficient plots were developed for each of the analysis 

sections, but the design criterion was not indicated.  The usual minimum 

FS criterion adopted when using pseudo-static analysis is 1.00, but 1.10 or 

higher is sometimes used, depending on designer’s preference or 

confidence level in assumptions made in the analysis.  Using this criterion 

and plots of FS versus seismic coefficient, the seismic coefficients 

corresponding to FS = 1.00 are approximately as follows for the more 

critical (outside) slope of the analysis sections: 

 New Pond-East Dike @ Original Dike  0.20g 
 Original Dike @ New Pond-East Dike  0.17g 
 Original Dike with Worst Foundation Conditions 0.12g  

Table 7.3: Static Stability Factors of Safety from W-C’s Analyses 

of Original Dike (Bottom Ash Pond 1) 

Type of Analysis 

Height of 

Embankment 

(feet) 

Calculated Factor of Safety 

(FS) 

Undrained (Case 1) 19 2.24 

Undrained (Case 2) 24 1.68 

Drained with Seepage 

(Case 3) 
24 2.45 
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   See Doc 08 in Appendix A for source of information in this table. 

7.1.5 Liquefaction Potential 

No liquefaction potential analyses appear to have been performed 

specifically for the dikes that impound the CCR ponds at the Cross 

Generating Station.  Available subsurface information, discussed below in 

Subsection 7.1.6, indicate that the foundation soils under the dikes 

typically include layers of soft to very soft silty clay and some layers of 

loose to very loose sands/silty sands within the upper 20 to 25 feet of the 

Pleistocene soil profile above the Santee Limestone.  Depending on their 

Table 7.4: Seismic (Pseudo-Static) Stability Factors of Safety from 

G/C’s Analyses of  New Dike (Bottom Ash Pond 2) & Original Dike 

(Bottom Ash Pond 1)  

 

Location 

 

Horizontal 

Seismic 

Coefficient (g) 

Calculated Minimum Factor of Safety 

(FS) 

Inside Slope Outside Slope 

New Dike - 

East Side @ 

Original 

Dike 

0 (static) 3.388 2.261 

0.15 outside/ 

0.10 inside 
1.833 1.208 

0.25 0.954 0.872 

Original 

Dike @ 

New Pond – 

East Dike 

0 (static) 2.370 1.892 

0.15 outside/ 

0.10 inside 
1.452 1.126 

0.25 0.840 0.769 

Original 

Dike - Worst 

Foundation 

Condition 

0 (static) 2.369 1.557 

0.10 1.302 1.056 

0.25 0.670 0.597 
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relative densities and intensity of earthquake shaking, the silty sands could 

be susceptible to liquefaction, and the very soft clay could also be 

susceptible to large displacements during strong earthquake shaking.  The 

1979 Law report included discussions of liquefaction of cohesion-less 

soils (e.g., sands and silty sands) and earthquake behavior of soft to very 

soft clays as they pertain to such soils that exist in the Pleistocene 

Sediments at the Cross site.  Based on their work, it was Law’s opinion 

that “the sands and silty sands at the Cross site will become liquefied 

during the design earthquake.  Therefore, important structures, including 

embankments, that are designed to withstand the design earthquake, 

should not have foundation support from these sands and silty sands.”  

Law’s discussion of earthquake behavior of the soft clay led to “the 

overall impression that the soft fine grained soils at depth would fail or 

deform excessively under the shaking of a major earthquake….On a 

judgmental basis, therefore, important structures, including embankments, 

that have as a design criterion to withstand strong earthquake shaking 

without collapse or serious damage, should not have foundation support 

that is dependent on the performance of soft, fine-grained soils.” 

7.1.6 Critical Geological Conditions 

The subsurface conditions at Cross site were extensively investigated prior 

to construction of the first unit (Unit 2) and associated structures, and W-C 

made numerous borings and test pits during final subsurface investigation 

of the original ash pond (Bottom Ash Pond 1).  Furnished selected data 

from Law’s investigation are included in Appendix A Doc 06, and W-C’s 

subsurface investigation report is included in Appendix A Doc 07. 

From Law’s 1979 report the site stratigraphy within the depths explored 

includes in order of increasing depth: 

1. Relatively unconsolidated sediments of Pleistocene age 

2. Santee Limestone of Eocene age 

3. Black Mingo Formation of Eocene age 

Typically, in the area of the ash ponds the depths of the Pleistocene 

sediments to the Santee Limestone are on the order of 20 to 25 feet, 

although they range shallower and deeper, depending on location.  The 

Pleistocene sediments include: 

1. Clays and silts of high plasticity (CH & MH) 



DRAFT 

Cross GS 7-9 

Santee Cooper Coal Combustion Residue Impoundment  

Pineville, South Carolina Dam Assessment Report  

2. Clays and silts with low plasticity (CL & ML) 

3. Clayey Sands 

4. Silty sands and slightly clayey silty sands (SM & SM-SC) 

 

The 1979 Law report indicated that “in very general terms the 

Pleistocence soil profile at the site may be characterized as consisting of a 

relatively ‘firm’ layer overlying much ‘weaker’ more compressible 

layers.”  The geologic hazards associated with the Pleistocene sediments 

relative to the CCR pond dikes are as previously discussed: potential for 

liquefaction of the loose silty sands and/or excessive deformation of soft 

to very soft silty clay during strong earthquake.   

 

The Santee Limestone thickness typically was in the range of 30 to 50 feet 

in Law’s Phase 2 borings that completely penetrated the formation.  A 

number of Law’s borings and W-C’s borings encountered drilling rod 

drops and losses of drilling water within the limestone, suggesting 

possible voids in the limestone.  Most of the rod drops were in the range of 

less than 0.2 foot to 3.5 feet.  The most significant rod drop in W-C’s 

borings was 8.5 feet in boring B-632 (near east-side juncture of original 

dike with newer dike) between depths of 48 and 56.5 feet, and the most 

significant rod drop in Law’s borings was 9.0 feet in boring B-244 (near 

north side of Bottom ash Pond 2) between depths of 29 and 38 feet with a 

void filling of blue green silty clay noted.  A furnished map showing the 

original topography indicates a relatively broad surface depression in the 

vicinity of boring B-244.  Thus, the geologic hazard associated with the 

Santee Limestone is potential collapse of a void in the limestone under the 

impounding dikes or ponds. 

 

The Black Mingo Formation was encountered at depths ranging from 44 

to 87 feet in Law’s Phase 2 borings that were made deep enough to 

encounter it.  The upper part of the Black Mingo consists of firm to very 

dense silty sand and clayey sand, and the lower part consists of hard to 

very hard clayey silt and silty clay.  There appear to be no significant 

geologic hazards associated with the Black Mingo Formation relative to 

the CCR pond dikes. 

 

Seismicity – The Cross Generating Station is in an area of high seismic 

hazard.  Based on USGS Seismic-Hazard Maps for Central and Eastern 

United States, dated 2008, the Cross Generating Station, including the ash 
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ponds and gypsum pond, is located in an area anticipated to experience 

about 0.98g peak (horizontal) ground acceleration with a 2-percent 

probability of exceedance in 50 years, assuming uniform firm-rock site 

conditions, i.e., a site with average shear wave velocity of 2500 feet per 

second in the upper 100 feet below the ground surface.  The relatively 

unconsolidated Pleistocene sediments that overlie the Santee Limestone 

would be expected to have much lower shear wave velocity; therefore, the 

expected horizontal ground acceleration at the dikes, derived from a site 

response analysis, would be higher than the indicated map value.  In the 

1979 Law report it was noted that designers established the design 

earthquake for the Cross project as that specified in the Uniform Building 

Code, 1976 Edition, which was “a base rock excitation representative of 

horizontal motions of a Magnitude 7 earthquake and producing a peak 

rock acceleration of 0.3g.”  It was further noted that “This acceleration 

value is less than would be obtained by moving the Charleston Earthquake 

of 1886 to the site.”  

7.2 ADEQUACY OF SUPPORTING TECHNICAL DOCUMENTATION 

Structural stability documentation for the CCR pond dikes at the Cross Generating 

Station is adequate with respect to static stability but is not clear-cut with respect to 

seismic stability and liquefaction potential.  The pseudo-static method of analysis 

used to check seismic stability may not be appropriate in view of the soft to very 

soft clays and loose to very loose sands that underlie the dikes, although they 

typically occur at appreciable depths.  These poor soils, which are below the water 

table, could potentially develop excess pore pressures during strong earthquake 

shaking and experience loss of shear strength, causing deformations in the very soft 

clays or even liquefaction of the very loose sands.  As previously noted, the pseudo-

static method of analysis is valid only when the embankment and foundation soils 

will not experience significant loss of shear strength during earthquake shaking.  In 

addition, the design basis earthquake (or corresponding design seismic coefficient) 

for the dikes is not stated in the calculations.  It is noted, however, that for low 

dikes with low consequences of failure, such as the Cross dikes, the standard of 

practice, particularly of the time, usually did not include state-of-the-art seismic 

stability analyses or liquefaction potential analyses. 

7.3 ASSESSMENT OF STRUCTURAL STABILITY 

On the basis of the furnished static slope stability analyses and visual observations 

in the field, the dikes impounding the ash ponds, as well as the gypsum pond (by 

analogy), have adequate stability under static loading conditions. 
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Assessment of seismic stability of the CCR pond dikes on the basis of the furnished 

pseudo-static stability analysis is less straightforward, because the validity of the 

pseudo-static method of analysis used is questionable when soils, such as some of 

those that exist under the dikes at the Cross site, could potentially lose shear 

strength under strong seismic shaking.  If it is assumed that the suspect foundation 

soils do not lose shear strength during a seismic event, the analyses results indicate 

that the Bottom Ash Pond 1 Dike is generally satisfactory for seismic coefficients of 

at least 0.17g, except where the worst foundation soil conditions occur, where the 

FS criterion is met at a lower seismic coefficient of 0.12g; the Bottom Ash Pond 2 

Dike is satisfactory for seismic coefficients of at least 0.20g.  It is important to note 

that the seismic coefficient is not equivalent to peak horizontal ground acceleration, 

but is an empirical factor that is taken as some fraction of the peak acceleration, 

depending on earthquake magnitude; the critical seismic coefficient is the one that 

yields FS of 1.0 by the pseudo-static method and results in acceptably small 

displacements by the Newmark Method.   

Assuming a Magnitude 7 earthquake, noted in Law’s 1979 report, and using 

acceleration ratio (seismic coefficient/peak acceleration) of 0.25 for Magnitude 7 

earthquake from the literature, the peak acceleration implied by the lowest seismic 

coefficient, 0.12g, from the analyses is 0.48g; this is lower than the peak ground 

acceleration (0.98g) from the USGS seismic hazard map for 2 percent probability of 

exceedence in 50 years (or 1 in 2500 years probability of occurrence), which does 

not include site response due the mantle of relatively unconsolidated Pleistocene 

sediments.   

However, the peak ground acceleration, not including site response, is 0.16g from 

the USGS seismic hazard map for 10 percent probability of exceedence in 50 years 

(or 1 in 500 years probability of occurrence).  Though the site response is not 

known, it appears that the dikes could safely withstand ground motions expected at 

this lower hazard level, assuming there is no liquefaction of the loose to very loose 

sands or severe loss of shear strength in the very soft clays in the foundation under 

widespread areas of the dikes.  In addition, the poor soils generally occur deeper in 

the Pleistocene soil profile and localized liquefaction or displacements in them 

possibly would not be reflected through the firmer and stiffer overlying soils in 

sufficient magnitude to create unacceptable displacements in the dike 

embankments. 

The dike embankments do not appear to be constructed of materials that would be 

susceptible to liquefaction, even if they were saturated, but as previously noted 

some foundation layers of loose to very loose sands and silty sands could be 
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susceptible to liquefaction, although the extent of these soils under the dikes does 

not appear to be widespread, not as much so as the soft to very soft clays at depth.  

As previously noted, Law’s opinion was that the sands and silty sands at the site 

will become liquefied during the design earthquake (i.e., Magnitude 7 with peak 

rock acceleration of 0.30g).   

From review and evaluation of the available analyses and site subsurface data, it 

appears that with respect to seismic stability and liquefaction potential the CCR 

Pond dikes probably would safely withstand a low to moderate intensity earthquake 

with short duration; they probably would not withstand the strong earthquake for 

which the main plant structures are designed.   

The emergency outlet structures appeared to be in generally sound and stable 

condition with no evidence of significant deterioration of the limited visible parts of 

the structure that could be seen at the riser and at the outfall.   
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8.0 ADEQUACY OF MAINTENANCE AND METHODS OF OPERATION 

 

8.1 OPERATING PROCEDURES 

Bottom Ash Pond 1/Bottom Ash Pond 2 –The two ponds are connected by a 

trapezoidal spillway (notch) cut through the former northeast side dike of Bottom 

Ash Pond 1 (see Photograph 5.14).  The two ponds generally function as one pond 

used for disposal and storage of primarily bottom ash and economizer ash and 

secondarily boiler slag.  However, the bottom elevation of the trapezoidal spillway 

is approximately 9 feet above the bottoms of ponds at the original dike toes and 3 

feet below the normal operating water level in the ponds; sedimentation of most of 

the ash currently is within the area of Bottom Ash Pond 2.  Formerly, economizer 

ash, which contained pyrite, was deposited in the northwest part of Bottom Ash 

Pond 2, but currently pyrite is removed before depositing coal combustion residuals 

in the ash ponds.  Some of the ash in the ponds is mined and sold for use in the 

manufacture of concrete blocks; the pyrite was an undesirable component in the ash 

because of staining that would be caused by weathered pyrite.  The ash is excavated 

and placed in stockpiles to allow the material to drain prior to loading and transport 

offsite.   

A finger dike constructed of ash separates the northwest half of Bottom Ash Pond 2 

from the southeast half.  Ash material currently is sluiced from the southwest side 

of the pond into the northwest half to force sedimentation in the northern part of the 

pond as the water circulates clockwise around the northeast end of the finger dike to 

the southeast half of Bottom Ash Pond 2 and further on to the southwest.  Water 

flows  through the spillway notch into Bottom Ash Pond 1 where water is pumped 

back to the plant through two systems.   

One system is the ash sluice system where the water is re-circulated to enclosed 

troughs under the bottom ash hoppers of the boiler furnaces.  Water and ash 

discharged from the hoppers pass through clinker grinders to the ash sluice system, 

which collects and transports the bottom ash slurry to Bottom Ash Pond 2.   

The other system is the ash seal system where the water is re-circulated to troughs 

around the periphery of the hoppers to serve as seals against outside atmospheric 

pressure, so that negative pressure (- 0.5 psi) can be maintained inside the boiler 

furnaces.  The seal water spills to the ash sluice system and is conveyed back to the 

ash ponds via discharge into Bottom Ash Pond 2.  In this fashion the water in the 

ash ponds is continuously recycled.  The bottom ash is totally contained until it is 

discharged into the ash ponds. 
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All plant island and yard drains, including water from the coal pile runoff retention 

basin, are collected and pumped into Bottom Ash Pond 2.  Water (~ 475 gpm) from 

the Gypsum Pond and filtrate (~ 300 gpm) from dewatering of gypsum from Units 

3 & 4 flue gas desulfurization systems also are pumped into Bottom Ash Pond 2.  

Dewatered gypsum that is not immediately trucked to market is placed in covered 

storage on-site.  Excess water in the ash ponds is released by opening a valve on the 

ash seal system to a line that feeds excess water to the treatment plant, where the 

water is discharged after treatment to the Diversion Canal between Lake Marion 

and Lake Moultrie in accordance with NPDES permit requirements.  The recycling 

and water treatment discharge operations are balanced together with service water 

inputs to maintain the operating water level in the ash ponds at elevation 88.0 feet, 

providing minimum freeboard of 3.0 feet along the Bottom Ash Pond 2 Dike. 

Fly ash is dry-handled and sold for use in cement production or trucked to a nearby 

landfill.  Therefore, no fly ash is/has been deposited in the ash ponds.  The dry fly 

ash from the electrostatic precipitators is collected in fly ash hoppers, and from the 

hoppers the dry fly ash is pneumatically transported to storage silos.  The dry fly 

ash from the silos is loaded into tanker trucks and transported to market.  The fly 

ash from the Units 1 & 2 silos, not transported to market, is landfilled.  This fly ash 

is transferred to a pug mill for conditioning with moisture and pebble lime for better 

handling, and then transferred by screw conveyors to concrete storage pads.  The 

conditioned fly ash is loaded onto hauling trucks, covered, and transported to the 

landfill; some moisture conditioned fly ash is trucked to market. 

Gypsum Pond – This small pond receives filtrate (~ 475 gpm) from dewatering of 

gypsum from Units 1 & 2 flue gas desulfurization (FGD) systems; the dewatered 

gypsum is trucked to market or to a nearby landfill.  The filtrate is discharged into 

the pond from overhead piping supported on a steel frame over the dike near the 

north corner.  Wash water and some gypsum from the FGD systems, as well as 

water from storm drains and sumps, also are pumped into the pond.  When needed, 

the Gypsum Pond is cleaned of sediment to restore storage volume for settling of 

suspended solids in the influent.  A finger dike extending into the pond from the 

northwest side is used to facilitate access of excavators and hauling trucks used for 

cleaning the pond.  The excavated sediment is loaded onto hauling trucks and 

transported to a permitted industrial waste landfill onsite.  

8.2 MAINTENANCE OF THE DAM AND PROJECT FACILITIES 

Maintenance of the impounding embankments and emergency outlet works of the 

ash ponds and gypsum pond, and essential operating equipment, such as the piping 

(ash sluice, ash seal, and wastewater lines) and the recirculation pumps at the 
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ponds, is performed as needed, based on routine inspections performed by operating 

personnel.  Vegetation on the embankment slopes is generally mowed or cut twice a 

year or whenever it becomes necessary, by maintenance personnel at the station. 

8.3 ASSESSMENT OF MAINTENANCE AND METHODS OF OPERATIONS 

8.3.1 Adequacy of Operating Procedures 

Based on field observations and review of operations pertaining to CCR 

containment, operating procedures at the ash ponds and gypsum pond 

appear to be adequate. 

8.3.2 Adequacy of Maintenance 

Overall, maintenance of the impounding embankments and emergency 

outlet works of the ash ponds and the gypsum pond appears to be 

adequate.  No major maintenance issues were noted from review of dike 

inspection reports.  Based on field observations, some minor maintenance 

of eroded areas on the outside slope of the perimeter dikes around the ash 

ponds is needed.  In addition, vegetation growing in places directly on the 

Fabriform revetment on the inside slope of the perimeter dike around the 

ash ponds should be removed to minimize deterioration of revetment.   
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9.0 ADEQUACY OF SURVEILLANCE AND MONITORING PROGRAM 

 

9.1 SURVEILLANCE PROCEDURES 

Santee Cooper personnel inspect the ash pond and gypsum pond embankments 

following dike inspection procedures in Section 4.9 of Santee Cooper’s BMP plan, 

which is included as Doc 09 in Appendix A.  Santee Cooper has indicated that the 

intent of the BMP plan is to train operating personnel to conduct routine, periodic 

inspections of the impoundment dikes and have qualified dam safety personnel 

assist operating personnel with the quarterly inspections as requested.  The 

quarterly inspections are documented on Dike Inspection Reports in checklist 

format (see Appendix A, Doc .10). 

Miscellaneous Inspections – Santee Cooper operating personnel and security guards 

are trained in making daily observations of the ash pond embankments.  Engineers 

accompany the operating personnel during the quarterly inspections when 

requested.   

9.2 INSTRUMENTATION MONITORING 

There is no dedicated dam performance monitoring instrumentation in place in the 

impounding embankments of the ash ponds and gypsum pond.  However, 

groundwater monitoring wells are in place at various locations on the crest of the 

ash ponds perimeter dike and around the ash ponds for monitoring of groundwater 

quality.  The locations of the monitoring wells are shown on an aerial photo in Doc 

11 in Appendix A.  Groundwater levels are measured as part of the water quality 

monitoring program.  The groundwater elevations for the period of record from 

January 1996 to July 2010 are tabulated and plotted in Doc 11 in Appendix A.  The 

semi-annual measurements of groundwater levels in the monitoring wells located 

on the crest of the perimeter dike around the ash ponds show that the water levels 

have fluctuated some 4 to 6.5 feet over the period of record but have remained 

below the original ground line and have not risen up into the dike embankment.  In 

fact, over the period of record there appears to have been a slight downward trend 

averaging on the whole around 0.10 to 0.15 foot per year, suggesting that the lined 

ash ponds have locally retarded recharge to the groundwater regime.  A staff gauge 

mounted on the bulkhead of the pump platform on the southwest side of Bottom 

Ash Pond 1 is used for monitoring the water surface elevation in ash ponds.   
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9.3 ASSESSMENT OF SURVEILLANCE AND MONITORING PROGRAM 

9.3.1 Adequacy of Inspection Program 

The inspection program is generally adequate based on field observations 

and review of Santee Cooper’s written inspection procedures.   

9.3.2 Adequacy of Instrumentation Monitoring Program 

There is no dedicated dam performance monitoring instrumentation in 

place in the ash pond dikes and gypsum pond dike, although useful 

groundwater level information is obtained from monitoring wells installed 

on the ash pond dikes for sampling and analysis of groundwater.  No 

problem or suspect condition, such as excessive settlement, major seepage, 

shear failure, or displacement was observed in the field that might be 

reason for installation of additional instrumentation.  In the absence of 

stability problems or major seepage issues, and considering that the 

impounding embankments are low and the ponds are lined with very low 

permeability materials, there is no need for performance monitoring 

instrumentation at this time. 
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Appendix A Doc 01:  Cross Generation Station Vicinity Map
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Appendix A Doc 02:  Ash Management Flow Chart
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Appendix A Doc 03:  Cross GS Pond Construction Plans
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Appendix A Doc 04:  Cross GS Regional Map Showing the Management Units in 

Relationship to Critical Infrastructure 
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Appendix A Doc 05:  NPDES Violation Report 
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Appendix A Doc 06:  Cross GS Final Report Appendices to Volume 2 and Profiles 
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Appendix A Doc 07:  Cross GS Volume 2 Appendices –  

Unit 2 Subsurface Investigation 
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Appendix A Doc 08:  Bottom Ash Pond Extension and Stability Computations 

  

















































Cross GS  

Santee Cooper Coal Combustion Residue Impoundment  

Pineville, South Carolina Dam Assessment Report  

 

 

 

 

Appendix A Doc 09:  Santee Cooper BMP Plan 
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Appendix A Doc 10:  Cross GS Dike Inspection Reports 
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Appendix A Doc 11:  Monitoring Well Location Map and Readings 
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FIELD OBSERVATION CHECKLISTS
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Appendix B Doc 12:  Dam Inspection Check List Forms 



       US Environmental  

Coal Combustion Dam Assessment Checklist Form    Protection Agency 

 

1 

Site Name: 
Cross Generating 

Station 
Date: 23 February 2011 

Unit Name: Bottom Ash Pond 1 Operator's Name: Santee Cooper 

Unit I.D.:  Hazard Potential Classification: High  Significant  Low 1 

Assessor's Name: Frederic C. Tucker, PE; Anne Lee 

 

Check the appropriate box below.  Provide comments when appropriate.  If not applicable or not available, record "N/A".  
Any unusual conditions or construction practices that should be noted in the comments section.  For large diked 
embankments, separate checklists may be used for different embankment areas. If separate forms are used, identify 
approximate area that the form applies to in comments.                  
 

 Yes No  Yes No 

1. Frequency of Company's Dam Inspections?  Quarterly2  18. Sloughing or bulging on slopes?   X 

2. Pool elevation (operator records)?    88’  19. Major erosion or slope deterioration?   X5 

3. Decant inlet elevation (operator records)?  89’3  20. Decant Pipes: (Emergency Outfall Structure)   

4. Open channel spillway elevation (operator records)?  N/A N/A       Is water entering inlet, but not exiting outlet?   X 

5. Lowest dam crest elevation (operator records)?  94’        Is water exiting outlet, but not entering inlet?   X 

6. If instrumentation is present, are readings recorded 
(operator records)?  

X4        Is water exiting outlet flowing clear?  N/A6 N/A6 

7. Is the embankment currently under construction?   X 
21. Seepage (specify location, if seepage carries 
fines, and approximate seepage rate below):  

  

8. Foundation preparation (remove vegetation, stumps, 
topsoil in area where embankment fill will be placed)?  

X       From underdrain?  N/A7 N/A7 

9. Trees growing on embankment? (If so, indicate         
largest diameter below) 

 X      At isolated points on embankment slopes?   X 

10. Cracks or scarps on crest?   X      At natural hillside in the embankment area?   X 

11. Is there significant settlement along the crest?   X      Over widespread areas?   X 

12. Are decant trashracks clear and in place?  N/A N/A      From downstream foundation area?   X 

13. Depressions or sinkholes in tailings surface or whirlpool 
in the pool area?  

 X      "Boils" beneath stream or ponded water?   X 

14. Clogged spillways, groin or diversion ditches?  X       Around the outside of the decant pipe?   X 

15. Are spillway or ditch linings deteriorated?   X 
22. Surface movements in valley bottom or on 
hillside?  

 X 

16. Are outlets of decant or underdrains blocked?   X 23. Water against downstream toe?   X 

17. Cracks or scarps on slopes?   X 
24. Were Photos taken during the dam 
inspection?  

X  

Major adverse changes in these items could cause instability and should be reported for further evaluation.  Adverse conditions noted in these items should 
normally be described (extent, location, volume, etc.) in the space below and on the back of this sheet. 
 
 N/A = Not Applicable              TBP = To Be Provided 

 

Note #  Comments 

1 
Hazard potential classification is determined by Santee Cooper.  The indicated “low” hazard potential classification 
also is Dewberry’s interpretation, based on EPA criteria shown on page 3. 

2 
Santee Cooper conducts quarterly internal inspections by plant operating personnel with assistance of qualified 
dam safety personnel when requested; also informal daily inspections take place over the course of the year. 

3 Top elevation of overflow riser for Emergency Outfall Structure; there is no regular overflow into outfall structure. 

4 Water levels in water quality monitoring wells in crest are recorded. 

5 Interior slope is protected with Fabriform (grout-filled geosynthetic blanket). 



       US Environmental  

Coal Combustion Dam Assessment Checklist Form    Protection Agency 

 

2 

6 
Water is recycled to the plant using pumps located on the southwest side of the pond; no ordinary discharge 
permitted thru emergency outfall structure. 

7 No underdrain structures.  Pond is lined with 4” thick layer of Soil-bentonite. 
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3 

Coal Combustion Waste (CCW) 

Impoundment Inspection 

Impoundment NPDES Permit SC0037401 ASSESSOR Frederic C. Tucker, PE; Anne Lee 

Date January 2007 

Impoundment Name Bottom Ash Pond 1 

Impoundment Company Santee Cooper 

EPA Region 4 

State Agency 

(Field Office) Address 

2600 Bull Street 

Columbia, SC 29201 

Name of Impoundment Bottom Ash Pond 1 

(Report each impoundment on a separate form under the same Impoundment NPDES Permit number) 

 

New         Update     

  Yes No 

Is impoundment currently under construction?   

Is water or ccr currently being pumped into the impoundment?   

IMPOUNDMENT FUNCTION: 

Bottom Ash Pond 1 is downstream, in series, from Bottom Ash Pond 2.  

Receives bottom ash and boiler slag discharged directly from plant 

operations.  Receives discharge from Coal Pile Runoff Pond and Gypsum 

pond. 

Nearest Downstream Town Name: Cross, South Carolina 

Distance from the impoundment: 5.5 miles  

Location: 

Latitude  33 Degrees 22 Minutes 15.2 Seconds N 

Longitude  80 Degrees 06 Minutes 16.8 Seconds W 

State South Carolina County Berkeley 

  Yes No 

Does a state agency regulate this impoundment?     

If So Which State Agency? 
DHEC, Bureau of Water/Compliance Assurance 

Division.  For water quality only. 
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Coal Combustion Dam Assessment Checklist Form    Protection Agency 

 

4 

HAZARD POTENTIAL (In the event the impoundment should fail, the following would occur): 

 LESS THAN LOW HAZARD POTENTIAL: Failure or 

misoperation of the dam results in no probable loss of human life or 

economic or environmental losses. 

 

 LOW HAZARD POTENTIAL: Dams assigned the low hazard 

potential classification are those where failure or misoperation results in 

no probable loss of human life and low economic and/or environmental 

losses.  Losses are principally limited to the owner’s property. 

 

 SIGNIFICANT HAZARD POTENTIAL: Dams assigned the 

significant hazard potential classification are those dams where failure 

or misoperation results in no probable loss of human life but can cause 

economic loss, environmental damage, disruption of lifeline facilities, 

or can impact other concerns. Significant hazard potential classification 

dams are often located in predominantly rural or agricultural areas but 

could be located in areas with population and significant infrastructure. 

 

 HIGH HAZARD POTENTIAL: Dams assigned the high hazard 

potential classification are those where failure or misoperation will 

probably cause loss of human life. 

 

DESCRIBE REASONING FOR HAZARD RATING CHOSEN: 

Dam failure would discharge coal combustion residue onto flat surrounding land owned by Santee Cooper.  

Some coal combustion residue could potentially be carried along slight-graded drainage features to reach 

Lake Moultrie approximately ½ mile away, where several dozen or more lake homes are located on lots 

leased from Santee Cooper.  Because of the low head above outside toe elevations and flat topography, 

flood water from a postulated dam breach is expected to have low flow velocity and low flow depth when it 

reaches Lake Moultrie. 
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CONFIGURATION: 

 
 

  Cross-Valley     Side-Hill     Diked 

  Incised (form completion optional)    Combination Incised/Diked 

 

Embankment Height (ft) 18 (max) Embankment Material Earth 

Pond Area (ac)  12.8 Liner Yes (4” Soil-bentonite Liner) 
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Current Freeboard (ft)  Liner Permeability < 1 x 10-7 cm/sec 
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TYPE OF OUTLET (Mark all that apply) 

 Open Channel Spillway 

 
Trapezoidal 

 
Triangular 

 
Rectangular 

 
Irregular 

 
depth (ft) 

 
average bottom width (ft) 

 
top width (ft) 

  

 Outlet (Emergency) 

18” inside diameter  

(SDR 17 – smooth lined – 19.5” OD) 

Material  

 
corrugated metal 

 
welded steel 

 
concrete 

 
plastic (hdpe, pvc, etc.) 

 
other (specify):  

 Yes No 

Is water flowing through the 

outlet?  
  

 No Outlet  

 
Other Type of Outlet  

      (specify): 
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The Impoundment was Designed By 
Burns & Roe/ Lockwood 
Greene 

 

 Yes No  

Has there ever been a failure at this site?     

If So When?   

If So Please Describe : 
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 Yes No  

Has there ever been significant seepages 

at this site?  
   

If So When?   

If So Please Describe : 
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 Yes No 

Has there ever been any measures undertaken to 

monitor/lower Phreatic water table levels based 

on past seepages or breaches  

at this site?  

 

  

If so, which method (e.g., piezometers, gw 

pumping,...)? 

  

 

If So Please Describe : 
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ADDITIONAL INSPECTION QUESTIONS  

Concerning the embankment foundation, was the embankment construction built over wet ash, slag, or 

other unsuitable materials?  If there is no information just note that.   

 No. 

Did the dam assessor meet with, or have documentation from, the design Engineer-of-Record concerning 

the foundation preparation?  

No.  However, Mr. John E. Fondren, III, PE, with Santee Cooper, who observed construction of the 

dikes, was present and indicated that topsoil and deleterious organic material was removed from the 

foundation areas (6” to 2’ deep) and that extensive dewatering using ditches was required to prepare 

a dry foundation for placement of the dike embankment fill.  

From the site visit or from photographic documentation, was there evidence of prior releases, failures, 

or patchwork on the dikes?  

There was no indication of prior releases, failures, or patchwork on the dikes. 

 

 
 



       US Environmental  

Coal Combustion Dam Assessment Checklist Form    Protection Agency 

 

1 

Site Name: 
Cross Generating 

Station 
Date: 23 February 2011 

Unit Name: Bottom Ash Pond 2 Operator's Name: Santee Cooper 

Unit I.D.:  Hazard Potential Classification: High  Significant  Low 1 

Assessor's Name: Frederic C. Tucker, PE; Anne Lee 

 

Check the appropriate box below.  Provide comments when appropriate.  If not applicable or not available, record "N/A".  
Any unusual conditions or construction practices that should be noted in the comments section.  For large diked 
embankments, separate checklists may be used for different embankment areas. If separate forms are used, identify 
approximate area that the form applies to in comments.                  
 

 Yes No  Yes No 

1. Frequency of Company's Dam Inspections?  Quarterly2  18. Sloughing or bulging on slopes?   X 

2. Pool elevation (operator records)?    88’  19. Major erosion or slope deterioration?   X5 

3. Decant inlet elevation (operator records)?  89’3  20. Decant Pipes: (Emergency Outfall at Pond 1)   

4. Open channel spillway elevation (operator records)? 
Notch bottom elevation. 

TBP3        Is water entering inlet, but not exiting outlet?   X 

5. Lowest dam crest elevation (operator records)?  91        Is water exiting outlet, but not entering inlet?   X 

6. If instrumentation is present, are readings recorded 
(operator records)?  

X4        Is water exiting outlet flowing clear?  N/A3,6 N/A3,6 

7. Is the embankment currently under construction?   X 
21. Seepage (specify location, if seepage carries 
fines, and approximate seepage rate below):  

  

8. Foundation preparation (remove vegetation, stumps, 
topsoil in area where embankment fill will be placed)?  

X       From underdrain?  N/A7 N/A7 

9. Trees growing on embankment? (If so, indicate         
largest diameter below) 

 X      At isolated points on embankment slopes?   X 

10. Cracks or scarps on crest?   X      At natural hillside in the embankment area?   X 

11. Is there significant settlement along the crest?   X      Over widespread areas?   X 

12. Are decant trashracks clear and in place?  N/A N/A      From downstream foundation area?   X 

13. Depressions or sinkholes in tailings surface or whirlpool 
in the pool area?  

 X      "Boils" beneath stream or ponded water?   X 

14. Clogged spillways, groin or diversion ditches?  X       Around the outside of the decant pipe?   X 

15. Are spillway or ditch linings deteriorated?   X 
22. Surface movements in valley bottom or on 
hillside?  

 X 

16. Are outlets of decant or underdrains blocked?   X3 23. Water against downstream toe?   X 

17. Cracks or scarps on slopes? Minor remnant scarps on 
outside slope  from erosion. 

X  
24. Were Photos taken during the dam 
inspection?  

X  

Major adverse changes in these items could cause instability and should be reported for further evaluation.  Adverse conditions noted in these items should 
normally be described (extent, location, volume, etc.) in the space below and on the back of this sheet.  
 
N/A = Not Applicable              TBP = To Be Provided 

 

Note #  Comments 

1 
Hazard potential classification is determined by Santee Cooper.  The indicated “low” hazard potential classification 
also is Dewberry’s interpretation, based on EPA criteria shown on page 3. 

2 
Santee Cooper conducts quarterly internal inspections by plant operating personnel with assistance of qualified 
dam safety personnel when requested; also informal daily inspections take place over the course of the year. 

3 

Bottom Ash Pond 2 is upstream and in series with Bottom Ash Pond 1.  Water from Bottom Ash Pond 2 is 
hydraulically connected to water in Ash Pond 1 through a wide trapezoidal notch through the former northeast side 
dike of Ash Pond 1.  Thus, Ash Pond 1 and Ash Pond 2 function as one pond with an emergency outfall located 
through the southwest side dike of Ash Pond 1. 
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4 Water levels in water quality monitoring wells in crest are recorded. 

5 Interior slope is protected with Fabriform (grout-filled geosynthetic blanket). 

6 
Water is recycled to the plant using pumps located on the southwest side of Ash Pond 1; no ordinary discharge 
permitted thru emergency outfall structure, which is located at Ash Pond 1. 

7 No underdrain structures.  Pond is lined with synthetic clay liner (Bentomat). 
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Coal Combustion Waste (CCW) 

Impoundment Inspection 

Impoundment NPDES Permit SC0037401 ASSESSOR Frederic C. Tucker, PE; Anne Lee 

Date January 2007 

Impoundment Name Bottom Ash Pond 2 

Impoundment Company Santee Cooper 

EPA Region 4 

State Agency 

(Field Office) Address 

2600 Bull Street 

Columbia, SC 29201 

Name of Impoundment Bottom Ash Pond 2 

(Report each impoundment on a separate form under the same Impoundment NPDES Permit number) 

 

New         Update     

  Yes No 

Is impoundment currently under construction?   

Is water or ccr currently being pumped into the impoundment?   

IMPOUNDMENT FUNCTION: 

Bottom Ash Pond 2 is upstream, in series, from Bottom Ash Pond 1.  

Receives bottom ash and boiler slag discharged directly from plant 

operations.  Receives discharge from Coal Pile Runoff Pond and Gypsum 

pond. 

Nearest Downstream Town Name: Cross, South Carolina 

Distance from the impoundment: 5.4 miles 

Location: 

Latitude  33 Degrees 22 Minutes 25.0 Seconds N 

Longitude  80 Degrees 06 Minutes 2.6 Seconds W 

State South Carolina County Berkeley 

  Yes No 

Does a state agency regulate this impoundment?     

If So Which State Agency? 
SCDHEC, Bureau of Water/Compliance 

Assurance Division.  For water quality only. 
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HAZARD POTENTIAL (In the event the impoundment should fail, the following would occur): 

 LESS THAN LOW HAZARD POTENTIAL: Failure or 

misoperation of the dam results in no probable loss of human life or 

economic or environmental losses. 

 

 LOW HAZARD POTENTIAL: Dams assigned the low hazard 

potential classification are those where failure or misoperation results in 

no probable loss of human life and low economic and/or environmental 

losses.  Losses are principally limited to the owner’s property. 

 

 SIGNIFICANT HAZARD POTENTIAL: Dams assigned the 

significant hazard potential classification are those dams where failure 

or misoperation results in no probable loss of human life but can cause 

economic loss, environmental damage, disruption of lifeline facilities, 

or can impact other concerns. Significant hazard potential classification 

dams are often located in predominantly rural or agricultural areas but 

could be located in areas with population and significant infrastructure. 

 

 HIGH HAZARD POTENTIAL: Dams assigned the high hazard 

potential classification are those where failure or misoperation will 

probably cause loss of human life. 

 

DESCRIBE REASONING FOR HAZARD RATING CHOSEN: 

Dam failure would discharge coal combustion residue onto flat surrounding land owned by Santee Cooper.  Some 

coal combustion residue could potentially be carried along slight-graded drainage features to reach Lake Moultrie 

approximately ½ mile away, where several dozen or more lake homes are located on lots leased from Santee 

Cooper.  Because of the low head above outside toe elevations and flat topography, flood water from a 

postulated dam breach is expected to have low flow velocity and low flow depth when it reaches Lake Moultrie. 
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CONFIGURATION: 

 
 

  Cross-Valley     Side-Hill     Diked 

  Incised (form completion optional)    Combination Incised/Diked 

 

Embankment Height (ft) 14 (max) Embankment Material Earth 

Pond Area (ac)  79 Liner Yes (Geosynthetic Clay Liner) 
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Current Freeboard (ft)  Liner Permeability < 1 x 10-7 cm/sec 



       US Environmental  

Coal Combustion Dam Assessment Checklist Form    Protection Agency 

 

7 

TYPE OF OUTLET (Mark all that apply) 

 

Open Channel Spillway (Notch through former NE 

side dike of Ash Pond 1.) 

 
Trapezoidal 

 
Triangular 

 
Rectangular 

 
Irregular 

 
depth (ft) TBP 

 
average bottom width (ft) TBP 

 
top width (ft) TBP 

  

 

Outlet (Ash Pond 2 is hydraulically connected to Ash Pond 1 

through a wide trapezoidal notch in the former northeast side 

dike of Ash Pond 1.  For practical purposes, Ash Pond 1 and 

Ash Pond 2 serve as one pond, with one emergency outfall 

located through the southwest side dike of Ash Pond 1-see 

Bottom Ash Pond 1 Checklist.) 

  

Material  

 
corrugated metal 

 
welded steel 

 
concrete 

 
plastic (hdpe, pvc, etc.) 

 
other (specify):  

 Yes No 

Is water flowing through the 

outlet?  
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 No Outlet  

 
Other Type of Outlet  

      (specify): 

 

 

The Impoundment was Designed By Gilbert Commonwealth 

 

 Yes No  

Has there ever been a failure at this site?     

If So When?   

If So Please Describe : 
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 Yes No  

Has there ever been significant seepages 

at this site?  
   

If So When?   

If So Please Describe : 
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 Yes No 

Has there ever been any measures undertaken to 

monitor/lower Phreatic water table levels based 

on past seepages or breaches  

at this site?  

 

  

If so, which method (e.g., piezometers, gw 

pumping,...)? 

  

 

If So Please Describe : 
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ADDITIONAL INSPECTION QUESTIONS  

Concerning the embankment foundation, was the embankment construction built over wet ash, slag, or 

other unsuitable materials?  If there is no information just note that.   

 No. 

Did the dam assessor meet with, or have documentation from, the design Engineer-of-Record concerning 

the foundation preparation?  

No.  However, Mr. John E. Fondren, III, PE, with Santee Cooper, who observed construction of the 

dikes, was present and indicated that topsoil and deleterious organic material was removed from the 

foundation areas (6” to 2’ deep) and that extensive dewatering using ditches was required to prepare 

a dry foundation for placement of the dike embankment fill.  

From the site visit or from photographic documentation, was there evidence of prior releases, failures, 

or patchwork on the dikes?  

There was no indication of prior releases, failures, or patchwork on the dikes. 
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Site Name: 
Cross Generating 

Station 
Date: 23 February 2011 

Unit Name: Gypsum Pond  Operator's Name: Santee Cooper 

Unit I.D.:  
Hazard Potential 
Classification: 

High  Significant  LT Low  1 

Assessor's Name: Frederic C. Tucker, PE; Anne Lee 

 

Check the appropriate box below.  Provide comments when appropriate.  If not applicable or not available, record "N/A".  
Any unusual conditions or construction practices that should be noted in the comments section.  For large diked 
embankments, separate checklists may be used for different embankment areas. If separate forms are used, identify 
approximate area that the form applies to in comments.                  
 

 Yes No  Yes No 

1. Frequency of Company's Dam Inspections?  Quarterly2  18. Sloughing or bulging on slopes?   X 

2. Pool elevation (operator records)?    X3  19. Major erosion or slope deterioration?   X5 

3. Decant inlet elevation (operator records)?  TBP4  20. Decant Pipes:    

4. Open channel spillway elevation (operator records)?  N/A N/A       Is water entering inlet, but not exiting outlet?   X 

5. Lowest dam crest elevation (operator records)?  TBP        Is water exiting outlet, but not entering inlet?   X6 

6. If instrumentation is present, are readings recorded 
(operator records)?  

 X       Is water exiting outlet flowing clear?  N/A7 N/A7 

7. Is the embankment currently under construction?   X 
21. Seepage (specify location, if seepage carries 
fines, and approximate seepage rate below):  

  

8. Foundation preparation (remove vegetation, stumps, 
topsoil in area where embankment fill will be placed)?  

X       From underdrain?  N/A8 N/A8 

9. Trees growing on embankment? (If so, indicate         
largest diameter below) 

 X      At isolated points on embankment slopes?   X 

10. Cracks or scarps on crest?   X      At natural hillside in the embankment area?   X 

11. Is there significant settlement along the crest?   X      Over widespread areas?   X 

12. Are decant trashracks clear and in place?  N/A N/A      From downstream foundation area?   X 

13. Depressions or sinkholes in tailings surface or whirlpool 
in the pool area?  

 X      "Boils" beneath stream or ponded water?   X 

14. Clogged spillways, groin or diversion ditches?  X       Around the outside of the decant pipe?   X 

15. Are spillway or ditch linings deteriorated?   X 
22. Surface movements in valley bottom or on 
hillside?  

 X 

16. Are outlets of decant or underdrains blocked?   X 23. Water against downstream toe?   X 

17. Cracks or scarps on slopes?   X 
24. Were Photos taken during the dam 
inspection?  

X  

Major adverse changes in these items could cause instability and should be reported for further evaluation.  Adverse conditions noted in these items should 
normally be described (extent, location, volume, etc.) in the space below and on the back of this sheet.  
 
N/A = Not Applicable              TBP = To Be Provided 

 

Note #  Comments 

1 
Hazard potential classification is determined by Santee Cooper to be less than low.  The indicated “less than low” 
hazard potential classification also is Dewberry’s interpretation, based on EPA criteria shown on page 3. 

2 
Santee Cooper conducts quarterly internal inspections by plant operating personnel with assistance of qualified 
dam safety personnel when requested; also informal daily inspections take place over the course of the year. 

3 Water level measured 4’1” below top of emergency outfall structure at time of site visit. 

4 Appeared to be approximately 2’ below dike crest elevation. 
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5 Inside slope is relatively steep but armored with riprap. 

6 
Mud noted in outlet end of discharge pipe of emergency outfall and vivid red-colored water noted in outfall ditch.  
(Mud possibly due to backflow of surface runoff in practically flat-graded ditch, which was designed that way for 
retention of surface runoff on-site, according to Santee Cooper personnel.) 

7 
Outlet for Gypsum Pond is an emergency outfall structure located through the southwest side dike; no ordinary 
discharge permitted thru emergency outfall structure .  Water is pumped to Bottom Ash Ponds using pumps located 
on northeast side of pond.   

8 No underdrain structures.  Pond is lined with 4” thick layer of Soil-bentonite. 
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Coal Combustion Waste (CCW) 

Impoundment Inspection 

Impoundment NPDES Permit SC0037401 ASSESSOR Frederic C. Tucker, PE; Anne Lee 

Date January 2007 

Impoundment Name Gypsum Pond  

Impoundment Company Santee Cooper 

EPA Region 4 

State Agency 

(Field Office) Address 

2600 Bull Street 

Columbia, SC 29201 

Name of Impoundment Gypsum Pond 

(Report each impoundment on a separate form under the same Impoundment NPDES Permit number) 

 

New         Update     

  Yes No 

Is impoundment currently under construction?   

Is water or ccr currently being pumped into the impoundment?   

IMPOUNDMENT FUNCTION: Receives flue gas emission control residuals. 

Nearest Downstream Town Name: Cross, South Carolina 

Distance from the impoundment: 5.2 miles 

Location: 

Latitude  33 Degrees 22 Minutes 4.5 Seconds N 

Longitude  80 Degrees 06 Minutes 31.6 Seconds W 

State South Carolina County Berkeley  

  Yes No 

Does a state agency regulate this impoundment?     

If So Which State Agency? 
SCDHEC, Bureau of Water/Compliance 

Assurance Division.  For water quality only. 
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HAZARD POTENTIAL (In the event the impoundment should fail, the following would occur): 

 LESS THAN LOW HAZARD POTENTIAL: Failure or 

misoperation of the dam results in no probable loss of human life or 

economic or environmental losses. 

 

 LOW HAZARD POTENTIAL: Dams assigned the low hazard 

potential classification are those where failure or misoperation results in 

no probable loss of human life and low economic and/or environmental 

losses.  Losses are principally limited to the owner’s property. 

 

 SIGNIFICANT HAZARD POTENTIAL: Dams assigned the 

significant hazard potential classification are those dams where failure 

or misoperation results in no probable loss of human life but can cause 

economic loss, environmental damage, disruption of lifeline facilities, 

or can impact other concerns. Significant hazard potential classification 

dams are often located in predominantly rural or agricultural areas but 

could be located in areas with population and significant infrastructure. 

 

 HIGH HAZARD POTENTIAL: Dams assigned the high hazard 

potential classification are those where failure or misoperation will 

probably cause loss of human life. 

 

DESCRIBE REASONING FOR HAZARD RATING CHOSEN: 

Failure of the low dike impounding the 1-acre Gypsum Pond would discharge coal combustion residue onto flat 

surrounding land owned by Santee Cooper.  Due to the low head above outside grade and low volume of coal 

combustion residue and water, the water and material released would most likely be entirely contained within 

the plant boundaries and likely would not reach Lake Moultrie more than ½ mile away.  
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CONFIGURATION: 

 
 

  Cross-Valley     Side-Hill     Diked 

  Incised (form completion optional)    Combination Incised/Diked 

 

Embankment Height (ft) 6 (max) Embankment Material Earth 

Pond Area (ac)  1 Liner Yes (4” Soil-bentonite Liner) 
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Current Freeboard (ft)  Liner Permeability < 1 x 10-7 cm/sec 
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TYPE OF OUTLET (Mark all that apply) 

 Open Channel Spillway 

 
Trapezoidal 

 
Triangular 

 
Rectangular 

 
Irregular 

 
depth (ft) 

 
average bottom width (ft) 

 
top width (ft) 

  

 Outlet 

        18” inside diameter  

(SDR 17 – smooth lined – 19.5” OD) 

Material  

 
corrugated metal 

 
welded steel 

 
concrete 

 
plastic (hdpe, pvc, etc.) 

 
other (specify):  

 Yes No 

Is water flowing through the 

outlet?  
  

 No Outlet  

 
Other Type of Outlet  

      (specify): 
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The Impoundment was Designed By 
Burns & Roe/ Lockwood 
Greene 

 

 Yes No  

Has there ever been a failure at this site?     

If So When?   

If So Please Describe : 
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 Yes No  

Has there ever been significant seepages 

at this site?  
   

If So When?   

If So Please Describe : 

 

 



       US Environmental  

Coal Combustion Dam Assessment Checklist Form    Protection Agency 

 

10 

 

 Yes No 

Has there ever been any measures undertaken to 

monitor/lower Phreatic water table levels based 

on past seepages or breaches  

at this site?  

 

  

If so, which method (e.g., piezometers, gw 

pumping,...)? 

  

 

If So Please Describe : 
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ADDITIONAL INSPECTION QUESTIONS  

Concerning the embankment foundation, was the embankment construction built over wet ash, slag, or 

other unsuitable materials?  If there is no information just note that.   

 No. 

Did the dam assessor meet with, or have documentation from, the design Engineer-of-Record concerning 

the foundation preparation?  

No.  However, Mr. John E. Fondren, III, PE, with Santee Cooper, who observed construction of the 

dikes, was present and indicated that topsoil and deleterious organic material was removed from the 

foundation areas and that extensive dewatering using ditches was required to prepare a dry 

foundation for placement of the dike embankment fill.  

From the site visit or from photographic documentation, was there evidence of prior releases, failures, 

or patchwork on the dikes?  

There was no indication of prior releases, failures, or patchwork on the dikes. 

 

 
 


