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INTRODUCTION, SUMMARY CONCLUSIONS AND RECOMMENDATIONS 
 
The release of over five million cubic yards from the Tennessee Valley Authority’s Kingston, 
Tennessee facility in December 2008, which flooded more than 300 acres of land, damaging 
homes and property.  In response, the U.S. Environmental Protection Agency (EPA) is assessing 
the stability and functionality of the ash impoundments and other units, then quickly take any 
needed corrective measures. 
 
This assessment of the stability and functionality of the East Bend Station Coal Combustion 
Surface Impoundment management unit is based on a review of available documents and on the 
site assessment conducted by Dewberry personnel on Thursday, August 5, 2010.  We found the 
supporting documentation lacking critical information (Section 1.1.3).  Sections 1.2.1 and 1.2.3 
provide a recommendation for providing critical technical documentation required to upgrade the 
coal combustion waste surface impoundment embankment from POOR to SATISFACTORY.  
Section 1.2.6 provides four recommendations based on field observations that may help to 
maintain a safe and trouble-free operation.  
 
In summary, the East Bend Coal Combustion Surface Impoundment Dam is POOR for continued 
safe and reliable operation, with no recognized existing or potential management unity safety 
deficiencies. 
 

PURPOSE AND SCOPE 
 
The U.S. Environmental Protection Agency (EPA) is embarking on an initiative to investigate 
the potential for catastrophic failure of Coal Combustion Surface Impoundments (i.e., 
management unit) from occurring at electric utilities in an effort to protect lives and property 
from the consequences of a dam failure or the improper release of 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 its 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 waste.  This letter was issued under the 
authority of the Comprehensive Environmental Response, Compensation, and Liability Act 
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(CERCLA) Section 104(e), to assist the Agency in assessing the structural stability and 
functionality of such management units, including which facilities should be visited to perform a 
safety assessment of the berms, dikes, and dams used in the construction of these impoundments. 
 
EPA 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 structural integrity of the East Bend Coal 
Combustion Waste Impoundment.  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.  Also, after the field visit additional information was received by 
Dewberry & Davis LLC about the East Bend Coal Combustion Waste Impoundment that was 
reviewed and used in preparation of this report. 
 
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 
waste management unit(s).  Qualified Dewberry engineering personnel performed the field 
observations and review and made the assessment in conformance with the required scope of 
work and in accordance with reasonable and acceptable engineering practices.  No other 
warranty, either written or implied, is made with regard to our assessment of dam safety. 
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1.0 CONCLUSIONS AND RECOMMENDATIONS 
 

1.1 CONCLUSIONS 

Conclusions are based on visual observations from a one-day site visit, conducted 
on August 5, 2010, and review of technical documentation provided by Duke 
Energy. 

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

Although visual observations of the embankments suggest that the 
impoundment is performing in an acceptable manner, in accordance with 
USEPA criteria, the structural soundness must be rated POOR as a design 
report in not available corroborating embankment stability for  anticipated 
loading conditions. 

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

Hydrologic and hydraulic data provided to Dewberry indicate adequate 
impoundment capacity to contain the 1-percent probability 6 hour/13.5 
inch design event without overtopping the dike. 

1.1.3 Conclusions Regarding the Adequacy of Supporting Technical 
Documentation 

The supporting technical documentation is inadequate.  The technical 
documentation lacks critical engineering analyses of dike slope stability. 

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

The description of the management unit provided by Duke Energy was 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 unit required to conduct a thorough field observation.  The 
visible parts of the embankment dikes and outlet structures were observed 
to have no signs of overstress, significant settlement, shear failure, or other 
signs of instability.  However, visual observations were hampered by the 
presence of thick vegetation and mowing residuals in some areas.  
Embankments appear structurally sound.  There are no apparent 
indications of unsafe conditions or conditions needing remedial action. 
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1.1.6 Conclusions Regarding the Adequacy of Maintenance and Methods of 
Operation 

The current maintenance and methods of operations appear to be adequate 
for the coal combustion waste management unit.  There was no evidence 
of significant repairs or prior releases observed during the field inspection.  

1.1.7 Conclusions Regarding the Adequacy of the Surveillance and Monitoring 
Program 

The surveillance program appears to be adequate.  The management unit 
dikes are not instrumented.  Based on the size of the dikes, the portion of 
the impoundment currently used to store wet coal combustion waste and 
stormwater, the history of satisfactory performance and current inspection 
program, installation of a dike monitoring program is not needed at this 
time. 

1.1.8 Classification Regarding Suitability for Continued Safe and Reliable 
Operation 

The facility classification is POOR for continued safe and reliable 
operation.  The classification is due to the lack of critical technical 
documentation of engineering analyses verifying slope stability safety 
factors of the management unit dikes. 

1.2 RECOMMENDATIONS 

1.2.1 Recommendations Regarding the Structural Stability 

Although observations made during the site visit do not indicate signs of 
overstress, significant settlement, shear failure, or other signs of 
instability, the structural stability cannot be evaluated without reviewing 
the results of engineering analyses of the slope stability factors of safety 
under various load conditions.  It is recommended that if the original 
design analyses cannot be located, a new geotechnical engineering 
evaluation be conducted.  The new geotechnical engineering evaluation 
should be based on current standards, including seismic loading 
conditions.  

1.2.2 Recommendations Regarding the Supporting Technical Documentation 

Continued efforts to locate the original slope stability design 
documentation are recommended.  If the original documentation cannot be 
located within a reasonable period of time, a geotechnical engineering 
evaluation is recommended (see Section 1.2.1 above). 
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1.2.3 Recommendations Regarding the Maintenance and Methods of Operation 

Although the maintenance program appears to be adequate, several 
recommendations have been made to improve maintenance and ensure 
trouble-free operation: 

 Add rip rap armoring to toe of  embankment up-gradient slope in 
areas susceptible to erosion caused by wave action 

 Grade depressed traffic tracks along the crest to prevent water 
ponding and reduce erosion rills 

 Repair erosion rills on both the up-gradient and down-gradient 
slopes 

 Increase frequency of mowing dike embankments to improve 
effectiveness of daily observations and monthly inspections. 

1.3 PARTICIPANTS AND ACKNOWLEDGEMENT 

1.3.1 List of Participants 

Randy L. Clark – Duke Energy 
J. R. Wood – Duke Energy 
James J. Stieritz – Duke Energy 
Tammy Jett – Duke Energy 
Adam Deller – Duke Energy 
Kenneth M. Zak – Duke Energy 
Sheri Campbell – Duke Energy 
Rhonda Herzog – Duke Energy 
Jenny Bulach – Duke Energy 
Ron Ehlers – Duke Energy 
Hugh Ward, P.E. – Dewberry 
Joseph P. Klein, III, P.E. - Dewberry 

1.3.2 Acknowledgement and Signature 

We acknowledge that the management unit referenced herein has been 
assessed on August 5, 2010. 

 

 

             
Hugh A. Ward, PE (KY # 7164) Joseph P. Klein, III, P.E., 

Geotechnical Engineer 
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2.0 DESCRIPTION OF THE COAL COMBUSTION WASTE MANAGEMENT 
UNIT(S) 

 
2.1 LOCATION AND GENERAL DESCRIPTION 

The East Bend Generating Station is located along the north bank of an eastward 
bend on the Ohio River in west-central Boone County, Kentucky, approximately 
2.5 miles south of Rabbit Hash, KY.  The plant is operated by Duke Energy.  The 
coal combustion waste impoundment is located adjacent to the Ohio River on the 
east side of the main plant. 

The coal ash pond dike was designed in the mid-1970s by Sargent & Lundy 
Engineers.  The coal combustion waste pond dike is a compacted granular fill 
embankment with a compacted clay core.  The coal combustion waste 
impoundment dike is a “U” shape configuration with the main section parallel to 
the river and short sections on the east and west ends abutting natural soils on the 
north side. 

Table 2.1: Summary of Dam Dimensions and Size1 

  East Bend Station Ash Pond 
Dam Height (ft) 50 
Crest Width (ft) 12 
Length (ft) 4200 
Side Slopes (upstream) H:V 2:1 
Side Slopes (downstream) H:V 2:1 

1 Based on design data on original construction drawings (Appendix A -Doc. 3) 

The impoundment area is approximately 53.4 acres and has a total storage capacity 
of 2,975,000 cubic yards (1,844 acre-feet).  An aerial photograph of the 
impoundment is provided in Appendix A – Document 4. 
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The coal combustion waste impoundment is divided into two cells by an internal 
bottom ash berm.  The western cell operates as a primary ash settling basin.  The 
eastern cell operates as a secondary clarifier basin.  The cells are hydraulically 
connected by a corrugated metal pipe through the ash dike.  Normal pool of water 
in the western cell is approximately 490.1.  Normal pool in the eastern cell is 
approximately 485.5 

Construction drawings indicate the source of material for the embankment was 
plant area earthwork from and within the pond area if additional material was 
required (See Appendix A – Doc 03). 

The East Bend Generating Station has two small FGD temporary holding ponds, 
identified on the construction drawings as Sludge Pond A and Sludge Pond B (See 
Appendix A – Doc 03).  The FGD temporary holding ponds have a surface area of 
about 2.5 and 2.3 acres respectively.  The FGD temporary holding ponds are 
located adjacent to the southwest corner of the coal combustion waste surface 
impoundment.  The FGD temporary holding ponds are not connected to the coal 
combustion impoundment.  The FGD temporary holding ponds are not included in 
this assessment. 

2.2 SIZE AND HAZARD CLASSIFICATION 

The classification for size, based on the height of the embankment and the 
impoundment storage capacity is “Intermediate” with the USACE Recommended 
Guidelines for Safety Inspection of Dams ER 1110-2106 criteria summarized in 
Table 2.2.a. 

Table 2.2a: USACE ER 1110-2-106 
Size Classification 

Category 
Impoundment 
Storage (Ac-ft) Height (ft) 

Small 50 and < 1,000 25 and < 40 
Intermediate 1,000 and < 50,000 40 and < 100 
Large >  50,000 > 100 

 

Dewberry conducted a qualitative hazard classification based on the Federal 
Guidelines for Dam Safety, dated April, 2004.  The hazard assessment 
classifications are summarized in Table 2.2.b. 
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Table 2.2b: FEMA Federal Guidelines for Dam Safety 
Hazard Classification 
 Loss of Human Life Economic, Environmental, 

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

expected 
Yes (but not necessary for 
classification) 

 

There are no residences for several miles down gradient of the coal combustion 
waste impoundment on either the Kentucky or Indiana side of the Ohio River.  
Therefore, loss of human life is not probable in the event of a catastrophic dike 
failure.  A catastrophic dike failure is likely to result is a release of coal combustion 
waste slurry into the Ohio River resulting in economic and environmental losses.  
Therefore, Dewberry evaluated the coal combustion waste impoundment 
embankment as “significant hazard potential”. 

2.3 AMOUNT AND TYPE OF RESIDUALS CURRENTLY CONTAINED IN THE 
UNIT(S) AND MAXIMUM CAPACITY 

Table 2.3: Maximum Capacity of Unit 
Ash Pond Name: East Bend Station 
Surface Area (acre)1 53.4 
Current Storage Capacity (cubic yards)1 2,975,000 
Current Storage Capacity (acre-feet) 1,844 
Total Storage Capacity (cubic yards)1 734,100 
Total Storage Capacity (acre-feet) 455 
Crest Elevation (feet) 520 
Normal Pond Level (feet) 490.1 

1 Data taken from Dam Construction Permit Application Sheet (See Appendix A –
Doc. 03) 

2.4 PRINCIPAL PROJECT STRUCTURES 

2.4.1 Earth Embankment 

The approximately 4,200 foot long, ash pond dike is composed of 
controlled compacted granular soil fill over a controlled compacted clay 
core.  The crest width is 12 feet with grass and gravel surface to provide 
vehicle access.  Both up-gradient and down-gradient slopes are 2H:1V.  
The slopes are vegetated with various species of grasses. 

2.4.2 Outlet Structures 

The impoundment primary outlet consists of a corrugated metal riser with 
an invert elevation of 485.5.  The original construction included a 48-inch 
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diameter corrugation metal riser pipe and a 36-inch diameter outlet barrel.  
In the 1990s, a 40-inch diameter metal liner was installed in the riser pipe 
and a 28-inch diameter metal pipe liner installed in the outlet barrel.  The 
primary spillway outlet barrel is located in natural ground beneath the 
embankment and extends approximately 60 feet into the Ohio River at 
normal river pool elevation.  There are two vent stacks along the primary 
spillway outlet barrel between the toe of the embankment and the bank of 
the Ohio River. 

The impoundment emergency spill way is a concrete lined, rectangular 
open channel that crosses the top of the embankment near the southeast 
corner of the impoundment.  The 12-foot-wide and 1-foot deep emergency 
spillway has an invert elevation of 518.4.  The emergency spillway 
discharges into a paved open channel ditch at the toe of the embankment. 

2.5 CRITICAL INFRASTRUCTURE WITHIN FIVE MILES DOWN GRADIENT 

A critical infrastructure inventory survey was not provided to Dewberry for review. 

Based on available are topographic maps, surface drainage in the vicinity of the 
coal combustion waste impoundment is to the south-southeast toward the Ohio 
River.  An eastward flowing bend in the Ohio River at the East Bend Plant site 
intercepts surface runoff approximately 800 feet south of the impoundment.  Based 
on available aerial photographs and a brief driving tour of the area Dewberry did 
not identify critical infrastructure assets within 5 miles down-gradient of the coal 
combustion waste impoundment. 
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3.0 SUMMARY OF RELEVANT REPORTS, PERMITS, AND INCIDENTS 
 

Duke Energy provided reports of two dam safety inspection; one conducted by the 
Kentucky Department for Environmental Protection, Division of Water  on March 24, 
2009, and the other, a third party inspection conducted by, BBCM on July 21, (See 
Appendix A – Doc 05 and Doc 06 respectively).  

The 2009 Kentucky Department for Environmental Protection, Division of Water report 
concluded that the embankment was constructed in accordance with approved plans and 
specifications.  The inspection report identified certain technical documentation required to 
bring the dam into conformance with state law.  The required documentation included: 

 Flood routing analysis 
 Survey information on the Elevation-Area-Capacity curves and data calculations 
 Dam construction and design data sheet 
 Survey elevation of survey marker at the crest near the primary spillway. 

The flood routing analysis, Elevation-Area-Capacity curves and data calculations, and the 
dam construction and design data sheet were provided to the Kentucky Division of Water 
as part of the “Dam Construction Permit Application Sheet” dated May 19, 2009 prepared 
by BBCM (See Appendix A Doc 03). 

The BBCM inspection concluded that based on observations made during a site visit and 
information reviewed, the East Bend Ash Pond is in Satisfactory condition.  The report 
included several maintenance recommendations including: 

 Grading areas around light poles located on the embankment crest to direct 
stormwater away from the pole foundations 

 Monitor shoreline erosion along the up-gradient embankment toe in areas without 
rip-rap armoring 

 Repair low area along the crest to prevent ponding 
 Clear excess vegetation from areas within 15 feet of the down-gradient 

embankment toe 
 Grade observed wet areas along the toe of the east embankment to promote 

positive drainage, and monitor areas after re-grading 
 Remove scrap pipe along toe of east embankment 
 Clean out vegetation from the concrete ditch along the down-gradient toe of the 

embankment and the emergency spillway 
 Fill erosion channels on the up-gradient slopes with rip rap. 
 Monitor ash divider dike for seepage and instability 
 Re-grade low lying area on down-gradient west embankment slope adjacent to the 

crest 
 Continue regular mowing of embankments and down-gradient areas. 
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3.1 SUMMARY OF LOCAL, STATE, AND FEDERAL ENVIRONMENTAL 
PERMITS. 

The East Bend coal ash pond embankment is regulated by the Kentucky 
Department for Environmental Protection, Division of Water and has been issued 
the identification number of KYDW ID 1215.  The dam was inspected by the 
Kentucky Division of Water in 2009 and is scheduled for another State inspection 
in 2011. 
 
Discharge from the impoundment is regulated by the Kentucky Department for 
Environmental Protection, Division of Water and the impoundment has been issued 
a National Pollutant Discharge Elimination System Permit, Permit No. KY 040444.  
The NPDES permit was issued on April 1, 2004 and expired July 31, 2007.  A 
permit renewal application is pending. 
 

3.2 SUMMARY OF SPILL/RELEASE INCIDENTS 

Data reviewed by Dewberry did not indicate any spills, unpermitted releases, or 
other performance problems with the embankment over the last 10 years. 
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4.0 SUMMARY OF HISTORY OF CONSTRUCTION AND OPERATION 
 

4.1 SUMMARY OF CONSTRUCTION HISTORY 

4.1.1 Original Construction 

The East Bend Station coal combustion waste impoundment was designed 
in the mid 1970s by Sargent and Lundy Engineers.  The embankment was 
constructed to its final design crest elevation of 520.  The primary 
spillway riser pipe was constructed to a Phase 1 elevation 485.5.  The 
design included provisions to extend the primary riser to elevation 517.5 
for construction of a second unit at the generating station.  The second unit 
has not been constructed, and the primary spillway riser elevation remains 
at 485.5.  (See Appendix A – Doc. 03) 

4.1.2 Significant Changes/Modifications in Design since Original Construction 

The dike has not been significantly changed or modified since the original 
construction. 

The primary spillway has been modified since the original construction.  A 
40-inch diameter liner pipe was installed inside the 48-inch diameter 
primary spillway riser pipe, and a 28-inch diameter liner pipe was installed 
inside the 36-inch diameter primary spillway outlet pipe.  The liner pipes 
were added in the early 1990s. 

4.1.3 Significant Repairs/Rehabilitation since Original Construction 

No information was provided regarding major repairs or rehabilitation to 
the embankment or outlet structures.  No evidence of prior releases, 
failures or patchwork was observed on the earthen dike during Dewberry’s 
visual assessment that indicates prior release or failures have occurred. 

4.2 SUMMARY OF OPERATIONAL PROCEDURES 

4.2.1 Original Operational Procedures 

The impoundment was designed and operated for coal combustion waste 
sedimentation and control, and for storage of stormwater runoff, cooling 
tower overboard water and miscellaneous plant drains. 

Coal ash is transported by slurry to the west end of the impoundment for 
primary sedimentation.  A coal ash dike separates the west and east ends 
of the impoundment.  Water flow from the west to east sections of the 
impoundment is by gravity via a pipe through the ash dike.  The 
impoundment area in the east side of the ash dike is used to secondary 
treatment. 
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4.2.2 Significant Changes in Operational Procedures and Original Startup 

No significant changes in operational procedures have been made to the 
ash pond since the original startup  

4.2.3 Current Operational Procedures 

Current operational procedures, including maintenance and emergency 
action response actions are outlined in the “East Bend Operation 
Maintenance Manual and Emergency Action Plan” (See Appendix A – 
Doc 07). 

4.2.4 Other Notable Events since Original Startup 

No additional information was provided to Dewberry of other notable 
events impacting the operation of the impoundment. 
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5.0 FIELD OBSERVATIONS 
 

5.1 PROJECT OVERVIEW AND SIGNIFICANT FINDINGS 

Dewberry personnel Hugh Ward, P.E. and Joseph P. Klein, III, P.E. performed a 
site visit on Thursday August 5, 2010 in company with the participants. 

The site visit began at 8:30 AM.  The weather was warm and cloudy.  A strong rain 
shower occurred immediately prior to the site visits.  Photographs were taken by 
Dewberry personnel of conditions observed during the site visit.  Selected 
photographs are included in this report.  A Dam Inspection Checklist was prepared 
at the conclusion of the site visit.  The Dam Inspection Checklist is including in 
Appendix B.  

Based on the observations during the site visit no significant findings were noted 
and the embankment appears to be performing in accordance with design 
expectations. 

5.2 EARTH EMBANKMENT  

5.2.1 Crest 

The crest of the embankment had no signs of significant depressions, 
tension cracks or other indications of settlement or shear failure.  
Figure 5.2.1-1 shows the typical crest conditions. 

 
Figure 5.2.1-1: Photograph of Impoundment Dike Crest View to East 

In scattered areas vehicle traffic along the crest has caused depressions in 
the gravel tracks allowing water to pond.  Overflow from the small 
ponding areas is causing small erosion rills on both the up-gradient and 
down-gradient slopes of the embankment.  Figure 5.2.1-2 shows a small 
area of ponding in the gravel travel track along the embankment crest. 
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Figure 5.2.1-2: Water Ponding in Small Depression in Gravel Travel Track along 
Embankment Crest. 

5.2.2 Upstream/Inside Slope 

The up-gradient slope of the embankment is vegetated with various 
species of tall grass and weeds.  There were no observed scarps, sloughs, 
bulging, cracks, depressions or other indications of slope instability.  
Figure 5.2.2-1 shows a representative section of the up-gradient slope of 
the embankment. 

 
Figure 5.2.2-1: Photo of Embankment Up-gradient Slope View to East 
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Small areas of sloughing or erosion were observed along the up-gradient 
slope as evidence of animal burrows.  Figures 5.2.2-2 and 5.2.2-3 show 
the conditions observed. 

 
Figure 5.2.2-2: Photo of Small Erosion Rill on Up-gradient Slope 

 

 
Figure 5.2.2-3: Evidence of Animal Burrow on Up-Gradient Slope 

Areas of erosion repairs to the up-gradient slope were observed.  The 
largest of the repairs were near the coal conveyor crossing.  Storm water 
from broken gutters on the coal conveyor crossing caused areas of erosion 
beneath the conveyor.  Figure 5.2.3-4 shows a typical repair area. 
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Figure 5.2.2-4: Erosion Repairs beneath Coal Conveyor Structure 

A section of up-gradient embankment toe along the eastern edge of the 
impoundment has been armored with rip rap to protect against erosion.  
Figure 5.2.2-5 shows the protected toe area. 

 
Figure 5.2.2-5: Rip Rap Armoring to Protect against Wave Erosion 

Observations at the site indicate other areas of wave erosion that warrant 
armoring, including the areas adjacent to the previously installed rip rap.  
Figure 5.2.2-6 shows an area of wave erosion near the primary spillway 
riser. 
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Figure 5.2.2-6: Up-gradient Embankment Toe Wave Erosion near Primary Spillway 
Structure 

5.2.3 Downstream/Outside Slope and Toe 

The down-gradient slope of the embankment is vegetated with various 
species of tall grass and weeds.  No major scarps, sloughs, bulging, cracks, 
depressions or other indications of slope instability or signs of 
uncontrolled seepage were observed.  Figure 5.2.3-1 shows a 
representative section of the up-gradient slope of the embankment. 

 
Figure 5.2.3-1: Photo of Embankment Down-gradient Slope View to East 

The bottom portion near the east end of the down-gradient embankment is 
armored with rip rap as protection from erosion during flooding of the 
Ohio River.  Figure 5.2.3-2 shows the rip rap armoring.  The observed 
armoring is indicated on the drawings as part of the original design (See 
Appendix A – Doc 03) 
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Figure 5.2.3-2: Rip-Rap Protection at Bottom of Down-gradient Slope 

Small areas of sloughing and small erosion rills were observed along the 
down-gradient embankment slope.  Figures 5.2.3-2 shows a slough area.  

 

 
Figure 5.2.3-2: Photo of Local Slough Area on Down-gradient Slope 

Evidence of animal burrows was observed along the down-gradient slope.  
The activity on the down-gradient slope appeared to be higher than on the 
up-gradient slope.  Figure 5.2.3-3 shows twin burrows observed on the 
down-gradient slope. 
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Figure 5.2.3-3: Photo of Adjacent Animal Burrows on the Down-gradient Slope 

No areas of seepage or soft soils were observed along the toe of the down-
gradient slope.  There is a concrete lined ditch and adjacent paved 
roadway along the down-gradient toe of the main embankment section.  
Figure 5.2.3-4 shows a section of the down-gradient embankment toe. 

 
Figure 5.2.3-4: Photo of Down-gradient Embankment Toe with Drainage Ditch and 
Adjacent Pavement 

5.2.4 Abutments and Groin Areas 

Neither erosion nor uncontrolled seepage was observed along the groins or 
abutments.  Groin slopes and abutments are protected with the same 
vegetative cover as the adjoining slopes.  Figures 5.2.4-1 and 5.2.4-2 show 
typical conditions observed at the groins and abutments. 



FINAL 

East Bend Station 5-8 

Duke Energy Coal Combustion Waste Impoundment  

Boone County, Kentucky Dam Assessment Report  

 
Figure 5.2.4-1: Photo of Interior Groin at Southwest Corner of Impoundment 

 

 
Figure 5.2.4-1: Photo of Embankment Crest at Northeast Corner Abutment 

5.3 OUTLET STRUCTURES 

5.3.1 Overflow Structure 

The impoundment overflow structure is located in the southeast corner of 
the impoundment.  The original overflow structure consists of a 48-inch 
diameter corrugated metal riser protected by a timber frame.  In the early 
1990s a 40-inch diameter liner was installed in the original riser.  The riser 
invert elevation is 485.5 ft. Access to the riser is provided by a fixed 
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walkway.  Outlet flow can be controlled by a manually-operated valve.  
Figure 5.3.1-1 shows the primary spillway riser structure and Figure 5.3.1-
2 shows the riser invert. 

 
Figure 5.3.1-1: Photo of Primary Spillway Riser Structure 

 

 
Figure 5.3.2-2: Photo of Primary Spillway Pipe Invert 

5.3.2 Outlet Conduit 

The original outfall pipe is a 36-inch diameter corrugated metal pipe.  As 
part of the early 1990s work, a 28-inch diameter liner was installed in the 
outfall pipe.  The outfall pipe is located in natural ground beneath the 
embankment.  The outfall pipe remains below ground until discharging 
into the Ohio River.  The outfall invert elevation is 441.6 ft which is 
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approximately 12.6-ft. below the Ohio River normal pool elevation of 
454.25 ft.  There are two vent risers along the spillway outfall pipe 
between the toe of the embankment and the Ohio River.  Observations in 
the vent pipes showed water to be flowing clear and unobstructed.  
Figure 5.3.2-1 shows outlet pipe vent pipe locations. 

 
Figure 5.3.2-1: Photo of Primary Spillway Outlet Pipe Vents 

5.3.3 Emergency Spillway 

The emergency spillway consists of a 12 ft. wide, 1 ft. deep, 
concrete-lined open channel crossing the embankment crest near the 
southeast corner of the impoundment.  The invert elevation of the 
emergency spillway is 518.15.  The emergency spillway discharges into 
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the concrete-lined drainage ditch at the toe of the embankment.  Figure 
5.3.3-1 shows the emergency spillway invert. 

 
Figure 5.3.3-1: Photo of Emergency Spillway Invert. 

Figure 5.3.3-2 shows the emergency spillway along the down-gradient 
slope of the embankment. 

 
Figure 5.3.3-2: Photo of Emergency Spillway on Down-gradient Slope of Embankment 

5.3.4 Low Level Outlet 

The East Bend coal combustion waste impoundment does not have a low 
level outlet. 



FINAL 

East Bend Station 6-1 

Duke Energy Coal Combustion Waste Impoundment  

Boone County, Kentucky Dam Assessment Report  

6.0 HYDROLOGIC/HYDRAULIC SAFETY 
 

6.1 SUPPORTING TECHNICAL DOCUMENTATION 

6.1.1 Flood of Record 

No documentation has been provided about the flood of record. 

6.1.2 Inflow Design Flood 

BBCM conducted a hydrologic and hydraulic analysis of the capacity of 
the coal combustion waste impoundment to store water from the design 
storm event (See Appendix A – Doc 3).  The design storm was a 100-year 
(1% probability in a given year), 6-hour event with an intensity of 13.5 
inches.  The report estimates that the 1 percent probability storm can be 
retained in the coal ash pond, raising the water elevation to about 490.1, 
leaving a freeboard of about 29.9 feet. 

6.1.3 Spillway Rating 

The BBCM analyses (See Appendix A – Doc 3) includes a primary 
spillway discharge of 74.4 cubic feet per second for the design storm 
event.  

6.1.4 Downstream Flood Analysis 

No downstream flood analysis data were provided to Dewberry for 
review. 

6.2 ADEQUACY OF SUPPORTING TECHNICAL DOCUMENTATION 

Supporting documentation reviewed by Dewberry is adequate to assess the 
hydrologic/hydraulic safety of the coal combustion waste impoundment. 

6.3 ASSESSMENT OF HYDROLOGIC/HYDRAULIC SAFETY 

Based on the calculations provided in the hydrologic and hydraulic analyses (See 
Appendix A –Doc. 3) the coal combustion waste impoundment can retain the 1 
percent probability storm event with a freeboard of approximately 29.9 feet.  Hence 
the dike failure by overtopping seems improbable. 
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7.0 STRUCTURAL STABILITY 
 

7.1 SUPPORTING TECHNICAL DOCUMENTATION 

7.1.1 Stability Analyses and Load Cases Analyzed 

No stability analyses were provided to Dewberry for review. 

7.1.2 Design Parameters and Dam Materials 

No data pertaining to embankment design parameters were provided to 
Dewberry for review. 

Construction drawings provided for review (See Appendix A –Doc 3) 
indicate the embankment design is a compacted granular fill with a 
compacted clay core.  Construction drawings indicate material for the 
embankment came from plant area earthwork, and from within the 
impoundment if required.  The construction drawings are signed and 
sealed by a registered engineer licensed in the State of Kentucky. 

7.1.3 Uplift and/or Phreatic Surface Assumptions 

No documentation of uplift calculations or phreatic surface assumptions 
was provided to Dewberry for review. 

7.1.4 Factors of Safety and Base Stresses 

No documentation of embankment slope stability factors of safety or base 
stresses was provided to Dewberry for review. 

7.1.5 Liquefaction Potential 

No documentation of soil liquefaction analyses was provided to Dewberry 
for review. 

7.1.6 Critical Geological Conditions 

Documentation provided to Dewberry for review (See Appendix A – Doc 
3) indicates the East Bend coal combustion waste impoundment is located 
within the flood plain of the Ohio River.  The embankment abuts a terrace 
of the ancestral Ohio River flood plain.  The soil types and bedrock 
contact contours in the Ohio River Valley are generally the result of flow 
and meander of the river during and after periods of glaciation.  The coal 
combustion waste impoundment embankment is located on a 
post-glaciation terrace of the upper terrace into which the embankment 
abuts. 
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Soils encountered near the embankment generally consist of: 

 Approximately 10 feet of medium stiff to stiff silty clay  

 Approximately 20 to 30 feet of loose fine and clayey fine sand,  

 Medium dense to dense fine to course sand.  The thickness of this 
stratum is approximately 80 to 90 feet and extends to bedrock. 

7.2 ADEQUACY OF SUPPORTING TECHNICAL DOCUMENTATION 

The technical documentation provided to Dewberry lacks the critical engineering 
analyses data required to assess the structural stability of the coal combustion waste 
impoundment embankment.  If the original slope stability design calculations 
cannot be located new geotechnical engineering analyses should be conducted to 
verify the existing slope stability safety factors meet or exceed acceptable criteria. 

7.3 ASSESSMENT OF STRUCTURAL STABILITY 

Based on the lack of technical documentation, the structural stability of the coal 
combustion waste impoundment embankment is rated as POOR. 
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8.0 ADEQUACY OF MAINTENANCE AND METHODS OF OPERATION 
 

8.1 OPERATING PROCEDURES 

The facility is operated for the storage of wet coal combustion waste as well as 
water from other plant sources including storm runoff from plant landfill and coal 
pile, cooling tower overboard water, and water from miscellaneous plant drains.  
Coal combustion waste process water discharges into the west side of the 
impoundment which is separated from the east section by a coal combustion waste 
dike.  The west side of the impoundment is the primary sedimentation area.  Decant 
water flows by gravity to the east section of the impoundment through a pipe in the 
coal ash dike.  Figure 8.1-1 shows the coal combustion waste dike and drain pipe. 

 

 
Figure 8.1-1: Photo of Decant Water from West to East Sections of Impoundment 

Water from the east section of the impoundment is discharged through the primary 
spillway. 

8.2 MAINTENANCE OF THE DAM AND PROJECT FACILITIES 

The “East Bend Ash Pond Operation Maintenance Manual and Emergency Action 
Plan” (See Appendix A – Doc 07) establishes general inspection and maintenance 
requirements for the impoundment dike.  The required procedures include: 

 A regular vegetative management program to facilitate visual inspections 

 Repairs conducted as part of a regular maintenance program 

 Daily “drive by” visits by plant laboratory personnel to supplement formal 
monthly inspections (See Appendix A –Doc. 4) 
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8.3 ASSESSMENT OF MAINTENANCE AND METHODS OF OPERATIONS 

8.3.1 Adequacy of Operating Procedures 

Based on the assessments of this report, operating procedures appear to be 
adequate. 

8.3.2 Adequacy of Maintenance 

The dam inspection report, including the Kentucky Division of Water 
“Inspection of East Bend Ash Pond Dam” dated October 9, 2009 and the 
BBCM “Annual Dam Inspection 2010”, dated August 4, 2010 (See 
Appendix A – Docs. 4 and 6 respectively) and the Dam Inspection 
Checklist on August 5, 2010 by Dewberry (See Appendix C – Doc 09) 
reported no major maintenance issues.  The 2010 BBCM report includes 
several maintenance recommendations, but none that are considered 
critical or imminent.  This indicates that the current maintenance plan is 
probably followed in practice and that adequate maintenance is provided 
for the dike and project facilities. 

Although the maintenance program appears to be adequate, several 
recommendations have been made to improve the maintenance and ensure 
trouble free operation: 

 Add rip rap armoring to toe of  embankment up-gradient slope in 
areas susceptible to erosion caused by wave action 

 Grade depressed traffic tracks along the crest to prevent water 
ponding and reduce erosion rills 

 Repair erosion rills on both the up-gradient and down-gradient 
slopes 

 Increase frequency of mowing dike embankments to improve 
effectiveness of daily observations and monthly inspections. 
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9.0 ADEQUACY OF SURVEILLANCE AND MONITORING PROGRAM 
 

9.1 SURVEILLANCE PROCEDURES 

Surveillance procedures are specified in the Duke Energy “Fossil Impoundment 
Dam Inspection Program”, dated July 1, 2010.  The program requirements include: 

 Monthly Inspections: conducted by plant personnel and documented using 
checklists.  Inspection findings are submitted to the Duke Energy Program 
Engineering Group for review.  

o Supplemental inspections are required after a rain event of 2-inches 
or greater in a 24-hour period. 

 Annual Inspection: conducted by the Duke Energy Program Engineering 
Group.  Checklists are used to document the inspection, conduct an 
engineering review and develop recommendations, if appropriate. 

 Regulatory and Third Party Inspections: conducted on a two- to five-year 
basis by an official regulatory agency.  Duke Energy Program Engineering 
is responsible for scheduling and assisting governmental agencies with 
regulatory or third party inspections. 

9.2 INSTRUMENTATION MONITORING 

The East Bend coal combustion waste impoundment embankment does not have an 
instrumentation monitoring system. 

9.3 ASSESSMENT OF SURVEILLANCE AND MONITORING PROGRAM 

9.3.1 Adequacy of Inspection Program 

Based on the data reviewed by Dewberry, including observations during 
the site visit, the inspection program is adequate. 

9.3.2 Adequacy of Instrumentation Monitoring Program 

No instrumentation is present at the East Bend Station coal combustion 
waste impoundment embankment. 

Based on the size of the embankment, the current inspection program, and 
the observations made during this site visit, an embankment monitoring 
program is not needed at this time. 
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