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INTRODUCTION, SUMMARY CONCLUSIONS AND RECOMMENDATIONS 
 
The release of over five million cubic yards of coal combustion residue from the Tennessee 
Valley Authority’s Kingston, Tennessee facility in December 2008, which flooded more than 
300 acres of land and damaged homes and property, is a wake-up call for diligence on coal 
combustion residue disposal units.  A first step toward this goal is to assess 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 Gallatin Fossil plant CCR management 
facilities is based on a review of available documents and on the site assessment conducted by 
Dewberry personnel on September 8, 2011.  There are five coal combustion residue (CCR) 
management units at the plant.  Two of the units Bottom Ash Pond A and Fly Ash Pond E 
contain significant amounts of ash and water.  Three of the units, Stilling Ponds B, C, and D, 
function as one pond and receive clarified water from the primary CCR management units; the 
stilling ponds contain minimal amounts of ash.  We found that there is a need for remedial 
measures to improve stability against relatively shallow slough failures (Subsection 1.1.1) and a 
need to improve spillway capacity for hydrologic/hydraulic safety (Subsection 1.1.2).  We 
further found the supporting technical documentation to be inadequate in some respects 
(Subsection 1.1.3).  As detailed in Section 1.2, there are recommendations based on field 
observations and documentation reviews that may help to maintain a safe and trouble-free 
operation.  
 
In summary, the Gallatin Bottom Ash Pond A and Fly Ash Pond E are rated FAIR for continued 
safe and reliable operation.  The system of Stilling Ponds B, C, and D are rated POOR 
for continued safe and reliable operation.  These ratings are influenced by poor existing 
hydrologic/hydrologic performance, which TVA is actively correcting, lack of some engineering 
analyses, and potential for shallow slope failures (Subsection 1.1.8). 

PURPOSE AND SCOPE 
 
The U.S. Environmental Protection Agency (EPA) is investigating the potential for catastrophic 
failure of Coal Combustion Surface Impoundments (i.e., management unit) 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, 
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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 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 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 purpose of this report is to evaluate the condition and potential of residue release from 
the three management units and to determine the 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.  Also, after 
the field visit, additional information was received by Dewberry & Davis LLC about the Gallatin 
Fossil Plant that were reviewed and used in preparation of this report. 
 
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).   
 
Note:  The terms “embankment”, “berm”, “dike” and “dam” are used interchangeably within 
this report, as are the terms “pond”, “basin”, and “impoundment”.  
 

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 on 
September 8, 2011, and review of technical documentation provided by TVA.   

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

The structural stability of the dike embankments for Bottom Ash Pond A 
and Fly Ash Pond E and their outlet works appears to be satisfactory in 
most respects, based on a review of the engineering data provided by the 
owner’s technical staff and Dewberry engineers’ observations during the 
site visit.  However, liquefaction potential of these ponds’ embankment 
sections, which were largely founded on sluiced ash, is unknown, since no 
quantitative analyses of liquefaction potential have been performed.  In 
addition, these dikes have low factors of safety against relatively shallow 
slough failures, for which TVA’s consultant has recommended remedial 
measures.  Thus, until recommended remedial measures are implemented, 
and documented liquefaction analyses have been performed that show no 
liquefaction or  significant consequences of liquefaction, the overall 
structural stability of the Bottom Ash Pond A and Fly Ash Pond E 
containment dikes is considered Fair.   

The structural stability of the relatively low saddle dikes impounding the 
stilling ponds and the associated spillway appears to be satisfactory, based 
on the stability analyses performed for the more significant dikes 
impounding Bottom Ash Pond A and Fly Ash Pond E and based on the 
observations made during the site visit.  In addition, the stilling pond 
saddle dikes appear to be founded on materials that would not be 
susceptible to liquefaction.  However, as with the primary ash ponds, the 
stilling ponds have been assigned a “Significant” hazard potential 
classification.  An impoundment with this hazard potential classification 
should have documentation of quantitative analyses showing that its 
impounding dikes have satisfactory stability.  Thus, until documented 
quantitative stability analyses have been performed to verify satisfactory 
stability, the overall stability of the stilling pond saddle dikes is considered 
Poor.  
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1.1.2 Conclusions Regarding the Hydrologic/Hydraulic Safety of the 
Management Unit(s) 

Hydrologic and hydraulic (H & H) analyses provided to Dewberry 
indicate inadequate spillway or outlet capacity to pass the spillway design 
flood (SDF) without overtopping the stilling pond system or the Bottom 
Ash Pond A divider dike.  (The Fly Ash Pond E dikes are shown not to be 
overtopped during the SDF.)  The SDF is the flood produced by the 6-hour 
duration probable maximum precipitation (PMP), which is the SDF 
criterion adopted by TVA.  Furthermore, the H & H analyses show that 
the stilling pond system would also be overtopped during the 100-year, 
24-hour duration storm.  (Both the Bottom Ash A and Fly Ash Pond E 
dikes are shown not to be overtopped during the 100-year storm.)  In 
addition, the stilling ponds were unable to handle any of the analyzed 
potential breach scenarios without overtopping.  TVA’s consultant 
provided recommended actions to prevent overtopping during such events.  
TVA is following through with the recommendations.  TVA is currently 
evaluating engineering designs for a spillway replacement and has 
provided USEPA with a schedule that shows spillway replacement 
completion in December 2013. 

Based on the results of the H & H analyses, the CCR Complex is currently 
considered Poor for handling hydrologic and hydraulic events.  However, 
given that TVA has taken the necessary action to replace an existing 
spillway to improve the design flood routing through the CCR Complex 
without overtopping the dikes, the Poor rating for H&H will be upgraded 
in the near future, which could lead to an upgrading of the overall rating of 
the stilling ponds. 

1.1.3 Conclusions Regarding the Adequacy of Supporting Technical 
Documentation 

The documentation of the H & H analyses for the Ash Pond (CCR 
Complex) appears overall to be adequate.  The structural stability 
documentation that was provided is adequate.  However, the structural 
stability documentation is deficient in several respects.  The 
documentation deficiencies include: 1) lack of liquefaction potential 
analyses for the Bottom Ash Pond A and Fly Ash Pond E dike raise 
embankment sections that are largely founded on sluiced ash, and 2) lack 
of slope stability and piping potential analyses for the stilling ponds saddle 
dikes.   
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1.1.4 Conclusions Regarding the Description of the Management Unit(s) 

The description of the five management units provided by the owner 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 units required to conduct a thorough filed observation.  The 
visible parts of the embankment dikes and outlet structure were observed 
to have no signs of overstress, significant settlement, shear failure, or other 
signs of instability, although visual observations were hampered by the 
presence of thick vegetation in some areas.  Embankments appear 
structurally sound.  There are no apparent indications of unsafe conditions 
or conditions needing immediate remedial action. 

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 
unexplained embankment repairs or prior releases observed during the 
field assessment. 

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 instrumented with piezometers. 

1.1.8 Classification Regarding Suitability for Continued Safe and Reliable 
Operation 

The Gallatin Bottom Ash Pond A and Fly Ash Pond E are rated FAIR 
for continued safe and reliable operation.  This rating for the Bottom 
Ash Pond A and Fly Ash Pond E is influenced by the lack of 
engineering analyses concerning potential soils liquefaction and the 
need to implement remedial measures to improve the factor of safety 
against potential non-global (shallow) slope failures.  The Stilling 
Ponds B, C, and D system is rated POOR.  This rating for the Stilling 
Ponds B, C, and D is influenced by the inability of the complex to 
handle design flood conditions, which TVA is actively addressing by 
proceeding with plans to replace a spillway.  The rating for the stilling 
ponds is also influenced by lack of structural stability documentation 
for the saddle dikes; even though the stability of the low-height saddle 
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dikes impounding the stilling ponds appears to be satisfactory on the 
basis of the stability documentation for the more significant ash-
impounding dikes.  Structural stability of the “Significant” hazard 
potential stilling pond dikes should be verified by documented 
analyses. 

No other existing or potential management unit safety deficiencies are 
recognized in the field assessment and review of furnished operations, 
maintenance, surveillance, and monitoring information.  Except as noted 
above with respect to liquefaction potential and potential for shallow slope 
failures, acceptable slope stability performance is expected under 
applicable static and seismic (pseudostatic) loading conditions in 
accordance with the applicable criteria.  Implementation of 
recommendations as presented below would help improve the ratings. 

1.2 RECOMMENDATIONS 

1.2.1 Recommendations Regarding the Structural Stability 

Implement Stantec’s recommended remedial measures for increasing the 
factor of safety against non-global (shallow) slope failures to the minimum 
factor of safety criterion for the Bottom Ash Pond A and Fly Ash Pond E 
containment dikes.   

1.2.2 Recommendations Regarding the Hydrologic/Hydraulic Safety 

Continue the project to replace the Pond A spillway; when available, 
provide final H & H analyses documenting that the CCR Complex will 
safely pass the design flood once the spillway project is completed. 

1.2.3 Recommendations Regarding the Supporting Technical Documentation 

1) Perform a quantitative liquefaction analysis of dike raise embankment 
sections overlying sluiced ash at the Bottom Ash Pond A and Fly Ash 
Pond E; evaluate the impact of liquefaction on the sluiced-ash-
supported sections of the containment dikes, if liquefaction is 
indicated; and evaluate the consequences of liquefaction failure of 
these sections of the containment dikes. 

2) Perform slope stability analyses for all credible static and seismic 
loading conditions, as well as piping potential analyses, for the stilling 
pond complex saddle dikes (Ponds C and D) to verify and document 
that these dikes have adequate structural stability. 
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1.2.4 Recommendations Regarding the Field Observations 

1) Repair minor erosion observed at various locations during the site 
visit; use cohesive soil cover on the eroded slopes and improve the 
vegetation growth. 

2) Continue to inspect/monitor the dikes for new and existing seeps for 
changes that might affect the dikes’ integrity.  Closely inspect for new 
sinkholes that could impact the integrity and function of the dikes, 
particularly after heavy rainfalls or flooding. 

1.2.5 Recommendations Regarding Continued Safe and Reliable Operation 

No additional recommendations appear warranted at this time. 
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2.0 DESCRIPTION OF THE COAL COMBUSTION RESIDUE MANAGEMENT 
UNIT(S) 

 
2.1 LOCATION AND GENERAL DESCRIPTION 

The Gallatin Fossil Plant is located approximately 5 miles south southeast of 
Gallatin, Tennessee on land between a meander of the Cumberland River that 
bounds the east, south, and west sides of the plant.  The plant is operated by the 
Tennessee Valley Authority (TVA).  The CCR management unit complex (CCR 
Complex) encompasses approximately 480 acres and consists of Bottom Ash Pond 
A (269 acres), Fly Ash Pond E (157 acres), and an interconnected network of 
Stilling Ponds B, C, and D (55 acres).  A project location map is provided in 
Appendix A – Doc 1.  An aerial photograph of the impoundment is provided in 
Appendix A- Doc 2.  Initial information provided by the TVA about the CCR 
Complex is included in Appendix A – Doc 3.   

Stilling Ponds B, C, and D are all part of the same pond.  Each pond is separated by 
narrow pond sections, but all are hydraulically connected and are at the same pool 
elevation.  Stilling Pond B receives decant water from Bottom Ash Pond A. Stilling 
Pond B flows to Pond C. Pond C also receives decant water from Fly Ash Pond E. 
Stilling Pond C flows into Pond D, where the outfall is located.  The stilling pond 
system is situated in a natural low area on the north side of the Ash Pond A and Ash 
Pond E containment dikes, which actually serve as divider dikes that separate the 
retention pond areas from the stilling pond areas.  To the north of the stilling ponds 
the natural topography generally rises to high enough elevations that no 
containment dike is needed, except across a low area on the north side of Stilling 
Pond C, where a saddle dike is located.  The east end of the stilling pond system at 
Stilling Pond B is bounded by higher natural ground and in small part by a railroad 
embankment.  The west end of the stilling pond system at Stilling Pond D is closed 
off with another saddle dike, through which the outfall pipes are located.  This 
discharge point is known as Outfall 001.  This outfall is permitted and is the single 
point of discharge for clarified water from the CCR Complex at the Gallatin Fossil 
Plant. 

The general dimensions and size of the Bottom Ash Pond A dikes, the Fly Ash 
Pond E dikes, and the stilling pond dikes are provided in Tables 2.1a, 2.1b, and 
Table 2.1c, respectively.  Note that because Stilling Pond B is incised on three sides 
and shares its one above ground dike with Bottom Ash Pond A, it is not included in 
Table 2.1c (i.e., it has no separate dike). 
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Table 2.1a: Summary of Dam Dimensions and Size 
  Bottom Ash Pond A 
Dam Height (ft) 26 
Crest Width (ft) 30-40, 70 @ spillway outlet 
Length (ft) 7300 
Side Slopes (upstream) H:V 1.5:1 to 2:1 
Side Slopes (downstream) 
H:V 1.5:1 to 2:1 
Table 2.1b: Summary of Dam Dimensions and Size 
  Fly Ash Pond E 
Dam Height (ft) 25 
Crest Width (ft) 50 
Length (ft) 7000 (portion shared with D, C) 
Side Slopes (upstream) H:V 3:1 to 4:1 
Side Slopes (downstream) 
H:V 2.5:1 to 4:1 
Table 2.1c: Summary of Dam Dimensions and Size 
  Stilling Ponds C, D 
Dam Height (ft) 15 (Pond C), 12 (Pond D) 
Crest Width (ft) 30 (Pond C), 22(Pond D) 
Length (ft) 450 (North Pond C), 150 (Pond D outlet) 
Side Slopes (upstream) H:V 2.5:1 (Pond C), 3.5:1 (Pond D) 
Side Slopes (downstream) 
H:V 4:1 (Pond C), 3:1 (Pond D) 

 

2.2 COAL COMBUSTION RESIDUE HANDLING 

Questions and answers concerning CCR generation and handling are presented in 
tabular form in Appendix A – Doc 14.  The handling of each type of coal 
combustion residue is briefly described in the following subsections. 

2.2.1 Fly Ash 

Fly ash is collected from Air Heater Hoppers, Economizer Hoppers, and 
Precipitator Hoppers.  The fly ash is sent through Hydroveyors in pipes to 
Fly Ash Pond E. 
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2.2.2 Bottom Ash 

Bottom ash is conveyed from the Bottom Ash Hoppers through jet pumps 
and piping to Bottom Ash Pond A. 

2.2.3 Boiler Slag 

No information was provided. 

2.2.4 Flue Gas Desulfurization Sludge 

Gallatin does not operate a flue gas desulfurization system. 

2.3 SIZE AND HAZARD CLASSIFICATION 

The classification for the Bottom Ash Pond A, based on height of the dam, is 
“small” and, based on the storage capacity, is “intermediate”.  The classification for 
the Fly Ash Pond E, based on height of the dam, is “small” and, based on the 
storage capacity, is “intermediate”.  As discussed in Section 6, the more 
conservative Intermediate size classification was used for hydrologic analyses.  The 
classification for the Stilling Ponds B, C, and D, based on height of the dam, is 
“small” and, based on the storage capacity, is “small” in accordance with USACE 
Recommended Guidelines for Safety Inspections of Dams ER 1110-2-106 criteria 
summarized in Table 2.3a. 

Table 2.3a: USACE ER 1110-2-106 
Size Classification 

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

Small1 50 and < 1,000 25 and < 40 
Intermediate2 1,000 and < 50,000 40 and < 100 
Large >  50,000 > 100 

1Stilling Pond classification 
2Bottom Ash Pond A and Fly Ash Pond E 
 
The ponds are not in the National Inventory of Dams; therefore these dikes do not 
have established hazard classifications.  The TVA provided preliminary hazard 
classifications to the USEPA on July 16, 2009 for the CCR impoundment facilities 
at all their plants with coal-fired units, and amended the hazard classifications on 
October 22, 2010, after a more detailed assessment was performed by their 
consultant, Stantec Consulting Services, Inc (Stantec).  The classification was made 
based on the 2004 Federal Guidelines for Dam Safety classifications system (shown 
in Table 2.3b). 
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Table 2.3b: 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) 

 
TVA’s current hazard classifications for the CCR facilities at the Gallatin Fossil 
Plant are as follows: 

 Fly Ash Pond E  Significant 

   Bottom Ash Pond A  Significant  

   Stilling Pond B, C, & D Significant 

Loss of human life is not probable in the event of a catastrophic failure of the dikes 
impounding these facilities, but a failure of the dikes is expected to have potential 
for environmental damage to the Cumberland River.  Therefore, Dewberry concurs 
with TVA’s current “Significant” hazard potential classification for these facilities.   

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

The data reviewed by Dewberry did not include the volume of the residuals stored 
in the ponds at the time of inspection.  Volume information in Table 2.4 reflects 
data collected in 2006 by TVA. 
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Table 2.4: Capacity of Units 
Bottom Ash Pond A 
Surface Area (acre)1 269 
Current Storage Capacity (cubic yards) 4,951,409 
Current Storage Capacity (acre-feet) 3,069.06 
Total Storage Capacity (cubic yards) 7,083,000 
Total Storage Capacity (acre-feet) 4,390.29 
Crest Elevation (feet) 474.9 
Normal Pond Level (feet) 469.9 
Fly Ash Pond E 
Surface Area (acre)1 157 
Current Storage Capacity (cubic yards) 4,968,00 
Current Storage Capacity (acre-feet) 3,079.34 
Total Storage Capacity (cubic yards) 7,100,00 
Total Storage Capacity (acre-feet) 4,400.83 
Crest Elevation (feet) 474.6 
Normal Pond Level (feet) 463.4 
Stilling Ponds B, C, and D (combined) 
Surface Area (acre)1 55 
Current Storage Capacity (cubic yards) 400,000 
Current Storage Capacity (acre-feet) 247.93 
Total Storage Capacity (cubic yards) 600,000 
Total Storage Capacity (acre-feet) 371.90 
Crest Elevation (feet) 462.9 
Normal Pond Level (feet) 456.9 

 
2.5 PRINCIPAL PROJECT STRUCTURES 

2.5.1 Earth Embankment 

The Bottom Ash Pond A and Fly Ash Pond E are divided by an internal 
divider dike.  To the north these ponds are separated from the Stilling 
Ponds B, C, and D by divider dikes constructed of bottom ash, although 
the dike between Pond E and Stilling Ponds D and C contains a layer of 
clay between bottom ash layers.  Dike raise embankments along the 
divider dikes are constructed of bottom ash largely founded on sluiced ash.  
The saddle dike along the low area on the north side of Stilling Pond B is 
constructed of bottom ash.  The west sides of Fly Ash Pond E and Stilling 
Pond D are separated from the Cumberland River by dikes; the saddle dike 
along the west side of Pond D is constructed of clay, and the perimeter 
containment dike along the west side of Pond E is constructed of clay over 
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bottom ash fill.  The dike embankments are estimated to be nominally 15 
to 25 feet high. 

2.5.2 Outlet Structures 

The principal spillway at the Bottom Ash Pond A consists of three 48-inch 
diameter RCP riser pipe/weirs with TVA steel skimmers that discharge 
through three 30-inch diameter RCP sections into the adjacent Stilling 
Pond B, where the outlet pipes are submerged.  Pond E wastewater 
outfalls through two 48-inch diameter RCP riser/weir sections that 
discharge through two 30-inch diameter combination steel and PVC pipe 
sections into the adjacent Stilling Pond C, where the outlet pipes are 
partially submerged. 

The outfall of the stilling ponds located at the west end of Pond D consists 
of four 48-inch diameter RCP riser/weir sections that discharge through 
four 36-inch diameter RCP sections into an adjacent discharge pool.  From 
there water discharges through a 36-inch CMP into the adjacent Old 
Hickory Lake/ Cumberland River. 

The stilling ponds pool elevation is about 11 to 12 feet lower than adjacent 
Bottom Ash Pond A, and about 8 feet lower than adjacent Ash Pond E. 

2.6 CRITICAL INFRASTRUCTURE WITHIN FIVE MILES DOWN GRADIENT 

Critical infrastructure inventory data was not provided to Dewberry for review.  

Based on the available area topographic maps, surface drainage in the area of the 
ponds are to the northwest through the stilling ponds to the Cumberland River.  The 
nearest downstream town, Hendersonville, Tennessee, is approximately 9 miles 
downstream of the CCR Complex at the Gallatin Fossil Plant. 
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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 

TVA provided daily, weekly, monthly, and quarterly internal inspections of the 
ponds performed in 2010, plus the 2010 Annual Inspection of CCP Facilities and 
Ponds performed by Stantec, dated August 13, 2010 (see Appendix A – Docs 04 
and 05). 

The reports concluded that the structures were performing adequately with only 
minor maintenance items that needed to be addressed.  No conditions were 
observed that would affect the continued safe operations of the impoundment. 

Stantec also prepared a “Seepage Action Plan (SAP)” dated June 25, 2010 that 
provides guidelines for controlling different levels of seepage, should they be 
observed in routine inspections (see Appendix A – Doc 9). 

3.2 SUMMARY OF LOCAL, STATE, AND FEDERAL ENVIRONMENTAL 
PERMITS 

The dams for the management units are not regulated and permitted under a dam 
safety agency. 

Discharge from Stilling Pond D is regulated by the State of Tennessee Department 
of Environmental and Conservation Division of Water Pollution Control and the 
impoundment has been issued a National Pollutant Discharge Elimination System 
Permit.  Permit No. TN0005428 was issued November 30, 2005 (see Appendix A – 
Doc 12). 

3.3 SUMMARY OF SPILL/RELEASE INCIDENTS 

On May 1-2, 2010, the Gallatin Fossil Plant experienced unusually heavy rainfall 
(up to 13 inches for the Gallatin/Nashville area), which resulted in an overflow 
event of the stilling ponds between May 1 and May 3.  One stilling pond 
(apparently Stilling Pond D) breached (overtopped) to the north across an access 
road in a natural low area, which actually helped to serve as an “emergency” 
spillway.  The overflow (with little or no ash) drained into the Cumberland River.  
It was indicated that the pool level in the stilling ponds rose to within 12 inches of 
overflowing the dike at the outlet.  See Appendix A – Doc 7 for post rain event site 
visit documentation by Stantec and Doc 8 for follow-up site visit documentation.  
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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 Gallatin Fossil Plant construction began in 1953 and plant operations 
commenced in August 1959.  The Gallatin Fossil Plant main ash pond, 
known as Ash Pond 3, was commissioned in 1970 covering what is today 
both Bottom Ash Pond A and Fly Ash Pond E.  It appears that the original 
containment system included a series of saddle dikes where lower ground 
elevations existed along the west side of current Fly Ash Pond E, west side 
of current Stilling Pond D, and north side of current Stilling Pond C.  

It appears that the areas now occupied by the stilling ponds were 
peripherally within the original ash pond area but generally on rising 
ground north of an east to west natural drainage feature.  Outfall 001, 
located through the saddle dike at the west end of the area currently 
known as Stilling Pond D, was commissioned in 1970 as the discharge 
point from the former Ash Pond 3 into the Cumberland River. 

4.1.2 Significant Changes/Modifications in Design since Original Construction 

Bottom Ash Pond A was formed by constructing a bottom ash divider dike 
in the original main ash pond in the mid 1980’s; this dike also formed the 
Stilling Ponds B and C on the north side.  The divider dike was raised in 
the late 1980’s for additional storage.  The dike raise embankment was 
constructed of bottom ash and was largely founded on sluiced ash.  The 
existing outfall from Bottom Ash Pond A to the Stilling Pond B was also 
constructed in the late 1980s at the northeast corner of Pond A.  

In 2006, Fly Ash Pond E was expanded by constructing a new raised 
perimeter dike.  The perimeter dike embankment was raised from 
elevation 465 to 477.  The new perimeter dike was constructed over the 
existing saddle dikes, and built inwardly over sluiced fly ash.  The existing 
outfall from Fly Ash Pond E to the Stilling Pond C was also constructed in 
2006 near the northeast corner of Pond E. 
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4.1.3 Significant Repairs/Rehabilitation since Original Construction 

Pond leakage was reported in the early to mid 1970’s through a sinkhole 
on the north side of Fly Ash Pond E and was repaired in 1977. 

Pond leakage was reported in the early to mid 1970’s through a sinkhole 
on the south side of Bottom Ash Pond A and was remediated by 
excavation and capping in 1990. 

In 2010 TVA installed piezometers around the ash pond complex to 
permit continuous remote monitoring of the water levels. 

4.2 SUMMARY OF OPERATIONAL PROCEDURES 

4.2.1 Original Operational Procedures 

The original main ash pond (Ash Pond 3) was designed and operated for 
bottom/fly ash sedimentation and control.  The pond received plant 
process waste water, and coal combustion waste slurry.  Treated (via 
sedimentation through a series of ponds) process water was discharged 
through an overflow outlet structure in Stilling Pond D. 

4.2.2 Significant Changes in Operational Procedures and Original Startup 

No documents were provided to indicate any operational procedures have 
changed. 

4.2.3 Current Operational Procedures 

No documents were provided to indicate any operational procedures have 
changed. 

4.2.4 Other Notable Events since Original Startup 

None reported. 
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5.0 FIELD OBSERVATIONS 
 

5.1 PROJECT OVERVIEW AND SIGNIFICANT FINDINGS 

Dewberry personnel Pamela Stanford, P.E. and Michael McLaren, P.E. performed a 
site visit on Thursday, September 8, 2011 in company with personnel listed in 
section 1.3.1. 

The site visit began at 9:00 AM.  The weather was cool and cloudy.  Photographs 
were taken of conditions observed.  Please refer to the Dam Assessment Checklists 
(Docs 16, 17, and 18) in Appendix B.  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 three management units was that they are in fair 
condition; no significant findings were noted. 

5.2 NORTH DIVIDER DIKE AND BOTTOM ASH POND A  

5.2.1 Crest 

The north dike divides the Bottom Ash Pond A from the Stilling Pond B.  
The crest (see Figure 5.2.1-1) had no signs of depressions, tension cracks, 
or other indications of settlement or shear failure, and appeared to be in 
satisfactory condition. 

 

Figure 5.2.1-1 Crest separating Bottom Ash Pond A (left) and Stilling 
Pond B (right)  
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5.2.2 Upstream/Inside Slope 

There were no observed scarps, sloughs, bulging, cracks, or depressions or 
other indications of slope instability or signs of erosion.  Figure 5.2.2-1 
shows the general condition of inside slope.  Vegetation should be better 
maintained to allow for inspection of the slopes.  

 
Figure 5.2.2-1 Inside slope of Bottom Ash Pond A 
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5.2.3 Downstream/Outside Slope and Toe 

There were no observed scarps, sloughs, bulging, cracks, or depressions or 
other indications of slope instability or signs of erosion.  Figure 5.2.3-1 
shows the general condition of the outside slope.  Vegetation should be 
installed to help minimize erosion and maintained to allow for inspection 
of slopes.  

 

 

 

 

 

 

 

Figure 5.2.3-1 Crest and outside slope of Bottom Ash Pond A (Stilling 
Pond B is shown on right side)  

5.3 STILLING POND C WEST DIKE 

5.3.1 Crest 

The west dike divides Fly Ash Pond E from Stilling Pond C.  The crest 
had no signs of depressions, tension cracks, or other indications of 
settlement or shear failure, and appeared to be in satisfactory condition.  

 

 

 

 

 

 

 

Figure 5.3.1-1 West Dike with Fly Ash Pond E (to left) 



DRAFT 

Gallatin Fossil Plant 5-4 
TVA Coal Combustion Residue Impoundment 
Gallatin, Tennessee Dam Assessment Report 

 
5.3.2 Upstream/Inside Slope 

There were no observed scarps, sloughs, bulging, cracks, or depressions or 
other indications of slope instability or signs of erosion.  The lower 
portion of the inside slope was protected by rip rap.  Figure 5.3.2-2 shows 
the generally good condition of the inside slope.  

 
Figure 5.3.2-2 Inside Slope for Fly Ash Pond E 
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5.3.3 Downstream/Outside Slope and Toe 

There were no observed scarps, sloughs, bulging, cracks, or depressions or 
other indications of slope instability or signs of erosion.  Figure 5.3.3-1 
shows the general condition of the outside slope.  Vegetation should be 
installed to help minimize erosion in bare areas and maintained to allow 
for inspection of slopes.  

 

 

 

 

 

 

 

 

 

 
Figure 5.3.3-1 Outside Slope of Fly Ash Pond E showing Stilling Pond C 
(right) 
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5.4 FLY ASH (POND E) NORTH DIVIDER DIKE 

5.4.1 Crest 

The Fly Ash Pond E north dike divides Fly Ash Pond E from Stilling Pond 
D.  The crest had no signs of depressions, tension cracks, or other 
indications of settlement or shear failure, and appeared to be in 
satisfactory condition. 

 

 

 

 

 

 

 

 

 
Figure 5.4.1-1 Fly Ash Pond E North Dike (Stilling Pond D in 
background) 
 

5.4.2 Upstream/Inside Slope 

There were no observed scarps, sloughs, bulging, cracks, or depressions or 
other indications of slope instability or signs of erosion.  The lower 
portion of the inside slope was protected by rip rap.  Figure 5.3.1-1 above 
showed the good condition of the inside slope.  
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5.4.3 Outside Slope and Toe 

There were no observed scarps, sloughs, bulging, cracks, or depressions or 
other indications of slope instability or signs of erosion.  Figure 5.4.3-1 
shows the generally good condition of the outside slope.  

 
Figure 5.4.3-1 Outside Slope of Fly Ash Pond E and Stilling Pond D 
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5.5 FLY ASH (POND E) WEST PERIMETER DIKE 

5.5.1 Crest 

The west dike separates the Fly Ash Pond E from the Cumberland River.  
The crest had no signs of depressions, tension cracks, or other indications 
of settlement or shear failure; some rutting was present due to recent 
rainfall and should be filled.  The crest appeared to be in satisfactory 
condition (see Figure 5.5.1-1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5.5.1-1 West Perimeter Dike Crest (Fly Ash Pond E is to the right) 
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5.5.2 Upstream/Inside Slope 

There were no observed scarps, sloughs, bulging, cracks, or depressions or 
other indications of slope instability or signs of erosion.  Figure 5.5.2-1 
shows generally fair condition of the inside slope.  Vegetation should be 
installed to help minimize erosion in bare areas and maintained to allow 
for inspection of the slopes. 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.5.2-1 Inside Slope for West Perimeter Dike (Fly Ash Pond E to 
the right of the picture)  
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5.5.3 Downstream/Outside Slope and Toe 

There were no observed scarps, sloughs, bulging, cracks, or depressions or 
other indications of slope instability or signs of erosion.  Figure 5.5.3-1 
shows the generally fair condition of the outside slope.  Vegetation should 
be installed to help minimize erosion in bare areas and maintained to allow 
for inspection of slopes. 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.5.3-1 Outside Slope of Fly Ash Pond E (West Dike looking 
South).  
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5.6 STILLING POND D WEST DIKE 

5.6.1 Crest 

The west dike separates Stilling Pond D from the Cumberland River.  The 
crest had no signs of depressions, tension cracks, or other indications of 
settlement or shear failure, and appeared to be in satisfactory condition 
(see Figure 5.6.1-1). 

 
Figure 5.6.1-1 West Dike crest showing discharge structures in Stilling 
Pond D (right side) 
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5.6.2 Upstream/Inside Slope 

There were no observed scarps, sloughs, bulging, cracks, or depressions or 
other indications of slope instability or signs of erosion.  Figure 5.6.2-1 
shows the general condition of the inside slope.  Vegetation should be 
better maintained to allow for inspection of the slopes. 

 
Figure 5.6.2-1 West Dike inside slope showing discharge structures in 
Stilling Pond D 

 
5.6.3 Downstream/Outside Slope and Toe 

 There were no observed scarps, sloughs, bulging, cracks, or depressions 
or other indications of slope instability or signs of erosion.  The picture 
below (Figure 5.6.3-1) represents the general condition of the outside 
slope.  Vegetation should be better maintained to allow for inspection of 
the slopes. 
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Figure 5.6.3-1 Outside slope of West Dike.  Outlet channel is the water-
body shown. 

5.7 OUTLET STRUCTURES 

5.7.1 Overflow Structure 

The outfall of the Stilling Ponds are located on the west end of Pond D 
and consists of four 48-inch RCP riser/weir sections that discharge 
through four 36-inch RCP sections into an adjacent discharge pool.  From 
there, water discharges through 36-inch CMP into the adjacent Old 
Hickory Lake/ Cumberland River.  
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The primary overflow structures were observed to be working properly, 
discharging flow from the stilling ponds.  The outlet structure (see Figure 
5.7.1-1) visually appeared to be in satisfactory condition.  There were no 
signs of clogging of the spillway. 

 
Figure 5.7.1-1 Outlet structures in Stilling Pond D 

 
5.7.2 Outlet Conduit 

The outlet pipes appeared to be operating normally with no signs of 
clogging and the water exiting the outlets was flowing clear. 

5.7.3 Emergency Spillway 

No emergency spillway was present.  If the dike was overtopped, water 
would drain to the river via overland flow. 

5.7.4 Low Level Outlet 

No low level outlet is present. 



DRAFT 

Gallatin Fossil Plant 6-1 
TVA Coal Combustion Residue Impoundment 
Gallatin, Tennessee Dam Assessment Report 

6.0 HYDROLOGIC/HYDRAULIC SAFETY 
 

6.1 SUPPORTING TECHNICAL DOCUMENTATION 

6.1.1 Flood of Record 

Historic climate data available on-line from the National Weather Service 
(NWS) indicate that record rainfall was experienced in middle Tennessee 
in the two-day period of May 1-2, 2010.  A precipitation contour map 
developed by the NWS shows that the Gallatin Fossil Plant was within 
some of the heaviest precipitation, with rainfall amounts for the 48-hour 
period in the range of 12 to 14 inches.  According to an “Average 
Recurrence Intervals Map for 48-Hour Duration,” prepared by the 
Hydrometeorological Design Studies Center, the plant is in a location that 
experienced rainfall having an average recurrence interval on the order of 
1000 years.  At the Old Hickory Dam, approximately 10 miles west 
southwest of the plant, the all-time record daily rainfall was 6.73 inches on 
May 3, 2010. 

Based on furnished historical information, the May 1-2, 2010 rainfall 
event appears to have produced the flood of record for the CCR Complex 
at the Gallatin Fossil Plant.  According to the historical data, “Stormwater 
overtopped Steam Plant Road exceeding the storm drain pipe capacity to 
route flow into Stilling Pond B.  The ash pond complex experienced 
erosion damage and Stilling Pond D was overtopped in a natural low area 
(not the saddle dike) by less than 1 foot.”  It is noted that the stilling pond 
system receives considerable off-site drainage from the north and east, in 
addition to drainage from the ash ponds. 

6.1.2 Inflow Design Flood 

For the assigned “small” size classification and “significant” hazard 
potential classification for the stilling pond system (Ponds B, C, and D), 
the USACE hydrologic evaluation guidelines (ER-1110-2-106 26 Sept 
1979 “Recommended Guidelines for the Safety Inspection of Dams”) 
recommend a spillway design flood (SDF) of 100-year frequency to 1/2 
Probable Maximum Flood (1/2 PMF), where the magnitude selected most 
closely relates to the involved risk.  For comparison, the Tennessee Dam 
Safety Laws and Regulations (2007) require (for existing dams) use of a 
Freeboard Design Storm of 1/3 Probable Maximum Precipitation (1/3 
PMP) (6-hour duration) to develop the design flood.  However, taking into 
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consideration that Outfall 001 at Stilling Pond D is the final discharge 
point for the entire CCR Complex, the appropriate size classification 
should probably be “”intermediate,” rather than small.  In this case the 
recommended SDF according to the USACE guidelines is 1/2 Probable 
Maximum Flood (1/2 PMF) to PMF. 

Stantec performed a hydrologic and hydraulic (H & H) analysis of the 
CCR Complex.  The analysis is summarized in their report titled “Report 
of Hydrologic and Hydraulic Analysis Ash Pond A, Ash Pond E, and 
Stilling Pond Complex, TVA Gallatin Fossil Plant Sumner County, 
Tennessee” (H & H report) (see Appendix A - Doc 13 for reference).  It is 
noted that the pond identified as “Ash Pond A” in the H & H report is 
essentially the “Bottom Ash Pond A” discussed in this assessment report.  
However, in their study Stantec separates out a much smaller pond 
associated with the overall Bottom Ash Pond A and identifies it as 
“Bottom Ash Pond A.”  This smaller pond is located closer to the main 
plant structures and is situated southeast of the “Ash Pond A” treated 
separately in the H & H study.  Flow from the small “Bottom Ash Pond 
A” is through two 42-inch diameter culverts (one RCP and one CMP) in 
an access road embankment and into a bottom ash conveyance channel.  
The conveyance channel extends to a culvert through another access road, 
where the flow passes through the culvert to discharge into the southeast 
corner of the “Ash Pond A.”    

The H & H analysis performed by Stantec used the methods described by 
the Natural Resources Conservation Service (NRCS) in “Part 630-
Hydrology” of the National Engineering Handbook (NEH).  Unit 
hydrograph methods were used to generate runoff hydrographs for routing 
through the ponds.  A HEC-HMS model was developed and used to 
simulate runoff using the Probable Maximum Precipitation (PMP), 6-hour 
duration in accordance with TVA design guidance.  The rainfall depth for 
the 6-hour PMP event was taken from the National Weather Service 
(NWS) Hydrometeorological Report No. 51.  In addition, other design 
storm events were evaluated, including the 2-, 10-, 25-, 100-, and 500-year 
events.  Rainfall depths for these events were taken from the National 
Oceanic and Atmospheric Administration (NOAA) Atlas 14 at 24-hour 
duration.  According to the H & H report, “The ponds were modeled as 
reservoirs within the HMS along with their contributing watersheds.  
Stage storage data and rating curves for the spillways were entered into the 
model along with base flow and the various storms then routed through the 



DRAFT 

Gallatin Fossil Plant 6-3 
TVA Coal Combustion Residue Impoundment 
Gallatin, Tennessee Dam Assessment Report 

system.  Further details of the study are included in the Stantec H & H 
report (Appendix A - Doc 13).  The results of selected flood routings are 
summarized in the following Table 6.1: 

Table 6.1: Summary of  Water Surface Elevations for 100-year & PMP 
Routings 

Pond Name Overtopping1 
Elevation (ft) 

100-year, 
24-hour (ft) 

6-hour 
PMP (ft) 

Ash Pond A (Bottom Ash Pond A) 472.69 469.7 473.5 
Bottom Ash Pond A (Small Pond) 481.5 478.6 480.2 
Ash Pond E (Fly Ash Pond E) 473.43 463.5 467.2 
Stilling Ponds (Ponds B, C, & D) 459.93 460.0 462.0 

                           1Surveyed minimum crest elevation Note: Bold W.S. El. indicate overtopping 

As shown by the above results, the stilling pond containment system is 
overtopped slightly (< 0.1 foot) by the 100-year event and more 
significantly (> 2.0 feet) by the 6-hour PMP event.  The overtopping 
appears to occur at the low point on the Pond D saddle dike.  In addition, 
the Ash Pond A (Bottom Ash Pond A) is overtopped (> 0.8 foot).  
Because of the lack of precise data and some assumptions that had to be 
made in this analysis (and subsequent breach analysis), Stantec considered 
these analyses to be approximate and suitable for screening purposes only.   

6.1.3 Spillway Rating 

Stantec’s H & H report (Appendix A-Doc 13) indicates that rating curves 
for the spillway systems were developed based on available geometric 
data and weir, orifice, and culvert discharge relationships, using guidance 
from standard references [for weirs “Open Channel Hydraulics,” V.T. 
Chow, 1959; for orifices “Handbook of Hydraulics,” E.F. Brater and H.W. 
King, 1976; and for culverts “Hydraulic Design of Highway Culverts, 
Hydraulic Design Series No. 5 (HDS-5),” U.S. Department of 
Transportation Federal Highway Administration, 1985].  The actual rating 
curves for each pond are in Appendix C (not provided) of the H & H 
report.   

6.1.4 Downstream Flood Analysis 

Three breach analyses were evaluated.  The first looked at the capacity of 
the stilling ponds if the Bottom Ash Pond A (Ash Pond A) or the Fly Ash 
Pond E (Ash Pond E) overtopped.  The second and third scenarios were 
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assumed piping failures of the dikes separating Pond A (Scenario 2) and 
Pond E (Scenario 3) from the stilling ponds under normal pool conditions. 

Table 6.2: Summary of  Breach Analysis Results (Abbreviated) 
Scenario Peak Outflow 

from Pond A 
(cfs) 

Peak 
Outflow 

from Pond E 
(cfs) 

Peak inflow 
to Stilling 

Ponds 
(cfs) 

Stilling1 
Ponds 

Elevation 
(ft) 

1. Overtopping 
Failure during PMP 
Event 

1,653 
 

354 2,204 462 

2. Piping Breach of 
Ash Pond A 

8,196 127 8,313 462.9 

3. Piping Breach of 
Ash Pond E 

282 2,800 3,077 461.1 

               1Surveyed minimum crest elevation = 459.93 feet 

Under all the analyzed breach scenarios, the stilling pond containment 
system is shown to be overtopped. 

6.2 ADEQUACY OF SUPPORTING TECHNICAL DOCUMENTATION 

Although the furnished information is not complete in some respects (e.g., missing 
appendices), there is sufficient information to ascertain that adequate analysis was 
performed to provide a screening evaluation of the hydrologic/hydraulic 
performance of the CCR Complex.  Therefore the supporting Hydrologic/Hydraulic 
documentation for the CCR Complex appears overall to be adequate. 

6.3 ASSESSMENT OF HYDROLOGIC/HYDRAULIC SAFETY 

Based on the calculations provided in the hydrologic and hydraulic (H & H) study 
(see Appendix A – Doc 13) the stilling ponds are unable to pass either the 100-year 
or 6-hour PMP events through the spillway system without overtopping the 
embankment.  In addition, the stilling ponds were unable to handle any of the 
breach scenarios without overtopping.   

For overtopping and potential breach failure only of the stilling pond 
embankment(s), e.g., during the 100-year event, the downstream consequences of 
failure appear to be very minor.  The release of the relatively small volume of 
floodwater in the stilling ponds would have little hydraulic impact on Cumberland 
River/Old Hickory Lake in flood stage and little environmental impact from CCR 
release.  However, overtopping and breach of Bottom Ash Pond A or piping breach 
of either Bottom Ash Pond A or Fly Ash Pond E, would lead to overtopping and 
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potential breach of the stilling pond embankment(s), and would have more 
significant downstream consequences.  The hydraulic impact on the Cumberland 
River/Old Hickory Lake would be relatively minor, perhaps moderate in the 
immediately adjacent areas in the case of an overtopping breach of Bottom Ash 
Pond A, but there would be significant off-site environmental impact of release of 
potentially large amounts of CCR.  The H & H analysis shows that the CCR 
Complex at the Gallatin Fossil Plant does not currently have acceptable 
hydrologic/hydraulic safety. 

TVA’s consultant recommended remedial action be taken, such as replacing the 
spillway or lowering the water elevation in Bottom Ash Pond A, to prevent water 
from overflowing the dikes during heavy rain events.  TVA is moving forward with 
replacing the spillway at Bottom Ash Pond A.  The new spillway design will 
prevent overtopping of the stilling ponds during the PMP.  The new design is 
complete and the spillway replacement construction project is scheduled for 
completion in December 2013 (see Appendix A – Doc 15).   

Therefore the CCR Complex is currently considered POOR for handling 
hydrologic and hydraulic events.  However, given that TVA has taken the necessary 
action to replace an existing spillway to improve the design flood routing through 
the CCR Complex without overtopping the dikes, the Poor rating is considered 
temporary and upon completion of the new spillway should be upgraded to 
Satisfactory.  
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7.0 STRUCTURAL STABILITY 
 

7.1 SUPPORTING TECHNICAL DOCUMENTATION 

7.1.1 Stability Analyses and Load Cases Analyzed 

Stantec performed a geotechnical exploration and slope stability 
evaluation in March 2010; initial seismic slope stability analysis in 
September 2011, using ground motions of a 500-year return period 
seismic event; and additional pseudostatic1 slope stability analysis in 
February 2012, using ground motions of a 2,500-year return period 
seismic event, as requested by the USEPA (see Appendix A- Docs 10, 
10a, and 11).  In addition, seepage analyses, including evaluation of piping 
potential, were also performed.  The slope stability and seepage analyses 
were performed for the dikes impounding Bottom Ash Pond A and Fly 
Ash Pond E; the stilling pond dikes were not included apparently because 
the stilling ponds contain minimal ash quantities.  Only water principally 
would be released to the environment from the stilling ponds.  In addition, 
the saddle dikes impounding the stilling ponds are lower in height and 
generally have comparable or flatter slopes than the ash-impounding 
dikes.  Therefore, by inspection, these dikes should have equal or better 
slope stability performance than the ash impounding dikes.  

The stability analysis used computer program SLOPE/W (from GEO-
SLOPE International, Inc.).  The program is capable of calculating the 
potential failure surfaces using the Spencer’s procedure.  Seepage analyses 
used SEEP/W. 

 

 

                                                 
 

 
1 The pseudostatic method is a simplified method for determining seismic slope stability that is based on the same 
approach (i.e., limit equilibrium) used in analyzing static slope stability.  In current practice, the pseudostatic method 
of analysis is used primarily as a screening tool to help assess whether an embankment dam or slope requires a more 
detailed seismic slope analysis.  The pseudostatic method ignores cyclic loading of the earthquake, but accounts for 
the seismic force by applying an equivalent static force on the slope.  In the limit equilibrium approach the stress-
strain relationship of the soil is not considered, so the method should not be used for sensitive clays and other 
materials that lose shear strength during an earthquake or loose soils located below the groundwater table subject to 
liquefaction. 
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Conditions assessed were: 

• Long term steady state conditions based on ground water level and 
pore water pressures obtained from the SEEP/W model. 

• Potential failure due to piping (internal erosion). 

• Seismic loading applied with steady state loading w/ horizontal 
seismic coefficient = 0.045 (500-year return period) and horizontal 
seismic coefficient = 0.108 (2,500-year return period). 

7.1.2 Design Parameters and Dam Materials 

The Stantec report of “Geotechnical Exploration and Slope Stability 
Evaluation” (see Appendix A – Docs 11) and the seismic (pseudostatic) 
slope stability reports (see Appendix A – Docs 10, 10a) include design 
parameters and dam material information used for modeling structural 
stability.   

Based on subsurface profiles and analysis sections in Stantec’s 
geotechnical exploration report, the dike embankment soils on the west 
side perimeter of the Fly Ash Pond E consist of predominantly clay in the 
original dike and clay with a constructed bottom layer of bottom ash fill in 
the dike raise embankment; the dike raise embankment is partially to 
completely founded on sluiced fly ash.  The divider dikes between Fly 
Ash Pond E and Stilling Ponds D and C are constructed of bottom ash fill 
layers separated by a clay fill layer and are founded on a relatively thin 
layer of sluiced fly ash and clay/fly ash that “feather out” before reaching 
the stilling pond side.  The underlying native materials typically consist of 
clay over limestone bedrock.  The saddle dike on the north side of Stilling 
Pond C is constructed of bottom ash and is founded on limestone bedrock 
and native clay.  The saddle dike around the west end of Stilling Pond D is 
constructed of clay and is founded on native clay.  The original divider 
dike and dike raise embankments between the Bottom Ash Pond A and 
Stilling Ponds B and C are constructed of bottom ash; the original bottom 
ash dike embankment was founded on native clay or directly on limestone 
bedrock, and the bottom ash dike raise embankment was largely founded 
on sluiced ash.  The dike raise embankments were largely founded on 
sluiced ash.  The design properties and parameters used in stability 
analyses of both the Bottom Ash Pond and Fly Ash Pond dikes are shown 
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in the following Table 7.1 for static stability analysis and Tables 7.2 and 
7.3 for the pseudostatic stability analysis. 

Table 7.1: Design Properties and Parameters of Materials used in 
the Static Stability Analyses – Bot. Ash Pond A & Fly Ash Pond E 

Material 
Unit Wt. 

(pcf)  
Drained Strength Parameters 

C´ (psf) Ø´ (deg) 
 Pond E Clay Dike  125 200 22 
Bottom Ash 
Fill/Dikes 

100-105 
0 

30-34 

Sluiced Ash 85 0 26 
Native Clay 125 200 27 

Ref:  Doc 11 in Appendix A. 

Table 7.2: Design Properties and Parameters of Materials used in 
the Pseudostatic Slope Stability Analyses – Bottom Ash Pond A 

Material 
Unit Wt. 

(pcf) 

Undrained Strength 
Parameters 

C (psf) Ø (deg) 
Initial Bottom Ash Dike 105 0 33 
Raised Bottom Ash Dike  105 0 34 
Sluiced Ash 85 400 10 
Native Clay 125 550 13 
Silted Material 85 400 10 

Ref:  Docs 10 & 10a in Appendix A. 

Table 7.3: Design Properties and Parameters of Materials used in 
the Pseudo Static Stability Analyses – Fly Ash Pond E 

Material 
Unit Wt. 

(pcf)  
Undrained Strength Parameters 

C (psf) Ø (deg) 
 Clay Dike  125 400 15 
Bottom Ash Fill 100 0 34 
Sluiced Ash 85 400 10 
Native Clay 125 550 13 

Ref:  Docs 10 & 10a in Appendix A. 
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7.1.3 Uplift and/or Phreatic Surface Assumptions 

The Stantec geotechnical exploration report referenced above included an 
embankment investigation and evaluation of the phreatic surface 
elevations based on piezometer data and modeling, using the SEEP/W 
program (see Appendix A – Doc 11).  Water level elevations in the dikes 
were measured in piezometers installed along the dikes for Ponds A, C, D, 
and E (see Appendix A – Doc 6 for record of the readings).  The phreatic 
surfaces determined from the evaluation were used in the embankment 
slope stability analyses.  The phreatic surfaces varied but were within the 
embankment sections below the embankment surface at varying depths 
with entry at pool level on the interior side and exit at the stilling ponds 
pool level along the exterior toe.   

7.1.4 Factors of Safety and Base Stresses 

TVA provided the Factors of Safety for the two management units that 
contain ash (i.e., the stilling ponds were not modeled).  Factors of Safety 
were computed using Spencer’s method of analysis for circular and non-
circular slip surfaces.  The models identified the critical failure surface 
along each dike.   

Stantec analyzed three representative sections (Sections H, J, and K) of the 
Bottom Ash Pond A divider dike under long term steady state (SS) loading 
conditions.  Sections K and J had equally lowest SS factors of safety (FS), 
but Section K was selected as the critical section and was analyzed for two 
earthquake events (500-year and 2,500-year return period events) using 
the pseudostatic method.  The respective peak ground accelerations (PGA) 
of 0.045g and 0.108g were determined and used for the seismic 
coefficients (k = PGA/g).  The computed factors of safety for the sections 
analyzed for the Bottom Ash Pond A divider dike are presented in the 
following Table 7.4: 
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Table 7.4 Factors of Safety for Bottom Ash Pond A 

Sections 
Analyzed 

Loading 
Condition  

Computed Minimum Factor of Safety (FS) Required FS 
(USACE) 

Global (Deep- 
Seated Potential 

Failure) 

Non-Global (Shallow 
Potential Failure) 

K 
(Critical 
Section 
Divider 

Dike – E. 
Third 
Point) 

Steady State -
static (SS)  

1.5 1.2 1.5 

Seismic – 
500-Yr Return 
(PGA = 
0.045g) 

1.17 
 

- 1.0 

Seismic – 
2,500-Yr 
Return (PGA 
= 0.108g) 

1.0 - 

 H  
(Divider 
Dike – 

Near Mid-
point) 

Steady State 
(static) 

1.5 1.4 1.5 

J 
(Divider 
Dike – 

Near W. 
End) 

Steady State 
(static) 

1.5 1.2 1.5 

 Ref:  Docs 10, 10a, and 11 in Appendix A. 

Stantec analyzed five representative sections of the Fly Ash Pond E 
perimeter dikes, including west perimeter dike (Sections B, C, and D) and 
north perimeter divider dikes (Section F at Stilling Pond D and Section G 
at Stilling Pond C) under long term steady state (SS) loading conditions.  
The most critical section (B), having the lowest SS factor of safety (FS) 
against a global (deep-seated) failure, was analyzed for the two earthquake 
events (500-year and 2,500-year return period events) using the 
pseudostatic method.  The computed factors of safety for the sections 
analyzed for the Fly Ash Pond E perimeter dikes are presented in the 
following Table 7.5: 
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Table 7.5 Factors of Safety for Fly Ash Pond E 

Sections 
Analyzed 

Loading 
Condition  

Computed Minimum Factor of 
Safety (FS) 

Required 
FS 

(USACE) Global (Deep- 
Seated Potential 

Failure) 

Non-Global 
(Very Shallow 

Potential Failure) 
B 

(Critical Section 
Perimeter Dike – 

S.W. Corner) 

Steady State – 
(SS) static  

1.5 - 1.5 

Seismic – 500-Yr 
Return (PGA = 
0.045g) 

1.59 
  

- 1.0 

Seismic – 2,500-
Yr Return (PGA 
= 0.108g) 

1.3 - 

C 
(Perimeter Dike – 
S. Third W. Side) 

Steady State - 
static 

1.6 - 1.5 

D 
(Perimeter Dike – 

Mid. W. Side) 

Steady State - 
static 

2.0 - 1.5 

F 
(Divider Dike – N. 
Side @ Pond D) 

Steady State - 
static 

2.0 1.1 1.5 

G 
(Perimeter Dike – 
Near N.E. Corner 

@ Pond C) 

Steady State - 
static 

2.2 1.5 1.5 

 Ref:  Docs 10, 10a, and 11 in Appendix A. 

Note that for dikes impounding both Ash Ponds A and E, the analyses of 
the models found cross sections that have lower than the required 
minimum factor of safety for failure surfaces that are representative of 
maintenance-type sloughs (i.e., non-global failures).  This is a result of 
relatively steep slopes (i.e., 1.5H: 1V) along the divider dikes.  Such 
maintenance type sloughs would not be expected to cause an immediate 
breach failure of the dikes, although if left untended could become 
progressively worse through backward sloughing of the resulting steep 
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failure surface with likely seepage outcrop and eventually lead to a 
breach.  Therefore, Stantec recommended that “TVA implement a 
mitigation design and construction program for the Bottom Ash Pond A 
divider dike and for the toe area along the north side of Pond E to improve 
factors of safety against Non-global slope stability.”  Stantec “envisioned 
that design features would include rock buttressing, slope flattening, or a 
combination of both.” 

Seepage exit gradients were computed and compared with the critical 
gradient (0.84 to 1.05, depending on location) to calculate a factor of 
safety against piping (FSpiping = icrit/i).  The minimum computed FSpiping = 
3.0 at Section C in the west side perimeter dike of the Fly Ash Pond E.  
For the remaining four analyzed sections of the Fly Ash Pond E dikes, the 
minimum computed FSpiping ranges from 3.5 (Section D) to 11.4 (Section 
G).  For the three analyzed sections of the Bottom Ash Pond A divider 
dike, the minimum computed FSpiping ranges from 10.8 (Section J) to 68.8 
(Section H).  Stantec adopted a target minimum factor of safety criterion 
of 3.0 against piping for the existing dikes.  This is consistent with the 
factor of safety criterion of 2.5-3.0 proposed in 1977 by Cedergren and 
noted in USACE’s EM 1110-2-1901.  As indicated, the computed 
minimum factors of safety against a piping failure for all the analyzed 
sections meet or exceed the minimum factor of safety criterion. 

 
7.1.5 Liquefaction Potential 

There was no documentation provided to Dewberry that included an 
evaluation of potential liquefaction of the dikes and ponds.  As a result, 
Dewberry performed a qualitative analysis of liquefaction potential for 
TVA management units (see Appendix B – Doc19).  Dewberry 
geotechnical engineers looked at the foundation materials under the 
management units and materials used to create the dikes.  Based on the 
qualitative analysis of liquefaction potential, the foundation materials are 
not a concern and the original dike embankments are not a concern, but 
the upper part of the dikes (dike raise embankments) potentially have 
liquefaction issues, due to being largely founded on sluiced ash.  Overall, 
there appears to be no significant concern for the liquefaction potential of 
the management units at Gallatin, but a quantitative analysis would 
confirm this preliminary assessment.  
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7.1.6 Critical Geological Conditions 

From Stantec’s “Report of Geotechnical Exploration and Slope Stability 
Evaluation” dated May 27, 2010 (Appendix A – Doc 11), the Geologic 
Map of the Laguardo Quadrangle, Tennessee (Tennessee Department of 
Conservation, Division of Geology, 1964) is indicated to show the area is 
predominantly underlain by Ordovician age limestone formations, 
including to the Bigby-Cannon Limestone, Hermitage Formation, Carters 
Limestone, and Lebanon Limestone, in general order of descending 
lithology.   

The CCR Complex is noted to be influenced primarily by the Carters 
Limestone and the Lebanon Limestone.  The Carters Limestone is 
described as densely crystalline limestone with thin shale partings.  The 
Lebanon limestone is described as thinly bedded fossiliferous limestone 
with thin calcareous shale partings. 

Above the limestone bedrock in the majority of the CCR Complex area is 
residual clay formed by weathering of the parent limestone.  The CCR 
Complex is generally founded on the residual clays, although it is 
indicated that alluvial soils exist under the extreme south end of the 
complex.  Based on the test borings, the underlying native materials at the 
locations explored consist of firm to very stiff clay and/or limestone 
bedrock.   

The main hazard associated with the geology of the area is the presence or 
potential presence of karstic features associated with the limestone, such 
as sinkholes, irregular bedrock surfaces, clay-filled vertical crevices/slots, 
and varying degree of solutioning/weathering.  Stantec’s geotechnical 
report indicates that correlating USGS topographic mapping of karstic 
features with the geologic mapping suggests that karst activity is 
associated with the upper portions of the Carters Limestone near the 
contact with the overlying Heritage Formation.   

Stantec’s geotechnical report indicates karst-related problems (sinkholes) 
were encountered within the ponds in the past.  Seepage loss through a 
sinkhole was first noted in the north part of Fly Ash Pond E in the mid 
1970s and repaired in 1977; manner of repair is unknown.  Another 
sinkhole was also discovered in the early to mid 1970s.  This sinkhole was 
isolated by constructing a circular dike around it in 1979; in 1990 it was 
reportedly repaired by excavation and capping.  During the 2006 Fly Ash 
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Pond E expansion, approximately 10 areas of known sinkholes were 
mitigated, reportedly during construction.  The mitigation activities 
reportedly included pumping the pond dry, excavating the areas to expose 
bedrock, filling the sinkholes and crevices with shot rock, and capping 
with compacted clay.  A small sinkhole was discovered just downstream 
of the saddle dike on the north side of Stilling Pond C after the record 
rainfall on May 1-2, 2010.  Stantec gave recommendations for mitigating 
this sinkhole in the letter documenting their follow-up (second) site visit 
of May 27, 2010 after the extreme rainfall event.  The recommended 
repair is similar to that described above, except that crushed stone is used 
to fill/choke the sinkholes/crevices up the rock surface, then a layer of 
geotextile is placed, followed by crushed stone fill to 3.0 feet below the 
ground surface, then placement of another geotextile layer, followed by 
compacted clay to the ground surface (see Appendix A – Doc 8 for greater 
detail).  

The dikes themselves consist of clays and bottom ash, as described in 
Subsection 7.1.2.  Dikes have been raised by building over the sluiced ash.  
The sluiced ash that occurs under the dike raise embankments presents a 
hazard of potential liquefaction during earthquake shaking.   

7.2 ADEQUACY OF SUPPORTING TECHNICAL DOCUMENTATION 

Structural stability and related documentation, including analyses for static slope 
stability, seismic (pseudostatic) slope stability, seepage, and piping potential, for the 
Bottom Ash Pond A and Fly Ash Pond E containment dikes is adequate.  
Liquefaction potential has not been addressed.  Although Dewberry’s qualitative 
preliminary evaluation of liquefaction potential indicates no concern overall for 
liquefaction, this should be verified by quantitative evaluation of liquefaction 
potential, particularly for the dike raise embankments largely founded on sluiced 
ash. 

Structural stability documentation is not available for the saddle dikes impounding 
the stilling ponds.  However, as previously noted the saddle dikes impounding the 
stilling ponds are lower in height and have comparable or flatter slopes than the 
ash-impounding dikes, and should therefore have equal or better slope stability 
performance than the ash impounding dikes.  Nevertheless, there should be slope 
stability and piping potential documentation to verify that this expected stability 
performance is the case. 
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Thus, the overall structural stability documentation is considered to be generally 
satisfactory but deficient in some respects, as indicated above. 

7.3 ASSESSMENT OF STRUCTURAL STABILITY 

Overall, the structural stability of the Bottom Ash Pond A and Fly Ash Pond E 
containment dikes appears to be satisfactory in most respects, based on the 
following: 

• The crests appeared free of depressions and no significant vertical or 
horizontal alignment variations were observed. 

• There was no indication of major scarps, sloughs or bulging along the dikes. 

• Boils or major uncontrolled seepage was not observed along slopes, or toes 
of the dikes.   

• The number of observed seepage areas are minor and are adequately 
monitored, with a Seepage Action Plan in place to follow in case of 
deterioration of the seepage conditions. 

• Although sinkholes have been observed in the past, they were not associated 
with the impounding structures and appear to have been adequately 
mitigated. 

• The computed factors of safety of global (deep-seated) potential failures 
under static loading and seismic (pseudostatic) loading conditions comply 
with minimum criteria. 

• The computed factors of safety against potential piping failure meet or 
exceed minimum factor of safety criteria. 

However, because the potential for liquefaction of sluiced ash under the dike raise 
embankments under USEPA required design seismic loading is unknown and 
because the non-global stability factors of safety for a number of analysis sections 
are below the minimum factor of safety criterion, the overall stability of the Bottom 
Ash Pond A and Fly Ash Pond E containment dikes is considered Fair.  The 
structural stability of these management units would be considered Satisfactory if a 
quantitative liquefaction analysis is provided, confirming there is no significant 
potential for liquefaction to occur with damaging consequences, and when 
recommended remedial measures are implemented to increase the non-global 
factors of safety to the acceptable minimum. 
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The structural stability of the saddle dikes impounding the stilling ponds has not 
been quantitatively evaluated by TVA.  The logs of test boring made through the 
dikes adjacent to the stilling ponds do not indicate sluiced ash extending completely 
under the dikes and into the stilling ponds, providing supporting evidence that 
settled ash apparently did not reach the northern part of the original Ash Pond 3 
before the divider dikes were constructed in the mid 1980s. 

Thus, it appears that water principally would be released to the environment from 
the stilling ponds in case of a breach.  Because the saddle dikes impounding the 
stilling ponds are smaller than the ash-impounding dikes, they are assumed to be 
adequately stable on the basis of the analyses performed for the ash-impounding 
dikes.  However, since the stilling pond dikes have been assigned a “Significant” 
hazard potential rating by TVA with concurrence from Dewberry, due to the 
potential for some off-site environmental damage the stability performance of the 
stilling pond dikes is considered Poor, until quantitative stability documentation is 
provided for these dikes.   
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8.0 ADEQUACY OF MAINTENANCE AND METHODS OF OPERATION 
 

8.1 OPERATING PROCEDURES 

The bottom/fly ash ponds are operated for settling and storage of the ash deposits.  
Clarified water flows from the bottom/fly ash ponds to the stilling ponds through 
decant structures.  The stilling ponds serve as a final polishing step.  The treated 
coal combustion process waste water is discharged through four overflow outlet 
structures (Outfall 001) into a discharge pool and through a culvert to Old Hickory 
Lake/Cumberland River. 

8.2 MAINTENANCE OF THE DAM AND PROJECT FACILITIES 

Plant personnel perform daily, weekly, monthly, and quarterly inspections.  TVA 
hires a third party engineering firm to perform annual inspections.  All the 
inspection results address required maintenance.  It appears the maintenance 
procedures are adequate (see Appendix A – Docs 4 and 5). 

8.3 ASSESSMENT OF MAINTENANCE AND METHODS OF OPERATIONS 

8.3.1 Adequacy of Operating Procedures 

Operating procedures appear to be adequate, based on observations and 
documents received for this report. 

8.3.2 Adequacy of Maintenance 

Based on the assessments of the inspection reports and visual observations 
during the site visits, maintenance activities appear to be adequate. 
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9.0 ADEQUACY OF SURVEILLANCE AND MONITORING PROGRAM 
 

9.1 SURVEILLANCE PROCEDURES 

Daily inspections are conducted by plant personnel.  Inspection reports are 
submitted for review and the appropriate corrective actions are performed as 
required. 

9.2 INSTRUMENTATION MONITORING 

The Gallatin ash impoundment dikes (Bottom Ash Pond A and Fly Ash Pond E) 
have 12 piezometers distributed along the dikes to monitor ground water levels.  
See Appendix A – Doc 06 for plots of approximately two years of record for water-
level readings (elevations) from about September 2009 to mid July 2011.  In 
general, the piezometric readings showed that water levels remained relatively 
consistent with typical fluctuations between 1.0 and 2.0 feet.  The extremes in 
fluctuation were in the range of 3.0 to 4.5 feet in three piezometers around the Fly 
Ash Pond E and in the piezometer at the Stilling Pond D.  However, none of these 
showed a long-term upward trend and in fact were lower at the end of the 
monitoring period than at the beginning, as were practically all the piezometer 
readings.  Only two of the piezometer readings were higher at the end but by only 
1.0 foot.  

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 

Based on the data reviewed by Dewberry and observations during the site 
visit, the instrumentation and dike monitoring program is adequate.  
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AndaA. Ray
Senior Vice President
Office of Environment and Research

March 25, 2009

Mr. Richard Kinch

U.S. Environmental Protection Agency
Two Potomac Yard

2733 South Crystal Drive
5th Floor: N-5783

Arlington, Virginia 22202-2733

Dear Mr. Kinch:

Tennessee Valley Authority
400 West Summit Hill Drive

Knoxville, Tennessee 37902-1401

Enclosed is the Tennessee Valley Authority's (TVA) response to your requests for
information about coal-combustion by-product management impoundments and our
signed authorized certification. Your requests were received at TVA's plant sites on
March 12 and March 13. Enclosed is the consolidated response from TVA for all of our
fossil plants. We have also included in our response two plants (Watts Bar Fossil
Plant, inactive and Cumberland Fossil Plant) for which we did not receive a request for
information.

Sincerely,

Enclosures: 2007-2008 Annual Inspection Reports of Waste Disposal Areas for all
TVA fossil plants.
TVA Responses to EPA Information Request.
Ash Storage Summary.
Certification Form.

printed on recycled paper



EPA believes that the information requested is essential to an evaluation of the threat of
releases of pollutants or contaminants from these units. The provisions of Section 104 of
CERCLA authorize EPA to pursue penalties for failure to comply with or respond adequately to
an information request under Section 104(e). In addition, providing false, fictitious or fraudulent
statements or representations may subject you to criminal penalties under 18 US.C. 1001.

Your response must include the following certification signed and dated by an authorized
representative of Tennessee Valley Authority.

I certify that the information contained in this response to EPA's request for
information and the accompanying documents is true, accurate, and complete. As
to the identified portions of this response for which I cannot personally verify
their accuracy, I certify under penalty of law that this response and all attachments
were prepared in accordance with a system designed to assure that qualified
personnel properly gather and evaluate the information submitted. Based on my
inquiry of the person or persons who manage the system, tl).osepersons directly
responsible for gathering the information, the information submitted is, to the best
of my knowledge, true, accurate, and complete. I am aware that there are
significant penalties for submitting false information, including the possibility of
fines and imprisonment for knowing violations.

Signatu~~~-, -.-""

N~me~~"'C. ~W\cf~r

Title: V PI ~-''''_of!_~-''-'-''0
This request has been reviewed and approved by the Office of Management and Budget

pursuant to the Paperwork Reduction Act, 44 US.C., 3501-3520.

Please send your reply to:

Mr. Richard Kinch .
US Environmental Protection Agency (5306P)
1200 Pennsylvania Avenue, NW
Washington, DC 20460

If you are using overnight or hand delivery mail, please use the following address:

Mr. Richard Kinch

US Environmental Protection Agency
Two Potomac Yard

2733 S. Crystal Dr.
5th Floor; N-5783
Arlington, VA 222022733



Tennessee Valley Authority Response to Environmental

Protection Agency Request for Information

1. Relative to the National Inventory of Dams criteria for High, Significant, Low, or

Less-than-Low, please provide the potential hazard rating for each management unit

and indicate who established the rating, what the basis of the rating is, and what

federal or state agency regulates the unit(s). If unit(s) does not have a rating, please
note that fact.

The dam safety hazard potential rating for each management unit is identified on the

attached table. The current hazard potential ratings were assigned by TVA using the

National Inventory of Dams criteria as a guideline. Hazard classifications have not been

assigned to dry disposal management units. The list is updated by TVA every 2 years. No

other agencies, federal or state, regulate these facilities from a dam safety perspective.

Currently, TVA has secured the services of a third party consultant to review the conditions

at our coal combustion storage facilities and provide opinions relative to hazard potential.

These opinions will be based on the National Inventory of Dams criteria, as well as dam

safety regulations of the states in which each unit is located.

2. What year was each management unit commissioned and expanded?

The year each management unit was commissioned and expanded is identified in the
attached table.

3. What materials are temporarily or permanently contained in the unit? Use the

following categories to respond to the question: (1) fly ash; (2) bottom ash; (3) boiler

slag; (4) flue gas emission control residuals; (5) other. If the management unit

contains more than one type of material, please identify all that apply. Also, if you

identify "other", please specify, the other types of materials that are temporarily or

permanently contained in the unit(s)

The coal-combustion byproduct materials contained in each unit are identified in the

attached table. Impoundments at units are also routinely used to combine and treat a
variety of runoff and low volume water wastes prior to discharge.
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4. Was the management unit(s} designed by a Professional Engineer? Is or was the

construction of the waste management unit(s} under the supervision of a

Professional Engineer? Is inspection and monitoring of the safety of the waste

management unit(s} under the supervision of a Professional Engineer?

Permitted solid waste landfill design documents were prepared under the supervision of a
registered professional engineer, with design documents stamped by the responsible

engineer. In general, for non-permitted management units, the design and construction,

along with the inspection and monitoring of all management units, were performed under

the supervision of professional engineers.

TVA is currently revising our program to ensure that the supervision of all design,

construction, and monitoring elements for all management units will be performed by

professional engineers properly licensed in the states where the project is located and that

have specific experience in dam design and operation.

5. When did the company last assess or evaluate the safety (i.e., structural integrity) of

the management unit(s}? Briefly describe the credentials of those conducting the

structural integrity assessments/evaluations. Identify actions taken or planned by

facility personnel as a result of these assessments or evaluations. If corrective

actions were taken, briefly describe the credentials of those performing the

corrective actions, whether they were company employees or contractors. If the

company plans an assessment or evaluation in the future, when is it expected to
occur?

Dates of the most recent facility inspection performed by the company or its consultant are

listed in the attached table. These inspections were limited to surface observations. No

intrusive sampling or testing, or engineering analyses were involved. Enclosed are the

2007-2008 inspection reports which were performed by TVA staff. All 2009 inspection

reports are currently under review. These 2009 inspections were performed by TVA staff

(who are experienced, degreed Civil Engineers, under the supervision of a registered

professional engineer), with the exception of Cumberland, Shawnee, and Watts Bar

(inactive) Fossil Plants, which were performed by Stantec.

The most recent reviews at the Cumberland and Shawnee Fossil Plants were performed

by Stantec. Stan Harris, PE, led those reviews. Mr. Harris has over 25 years experience

in dam design, construction, and monitoring. In addition, Mr. Harris has experience

leading dam safety training initiatives for the United States Army Corps of Engineers.

Recommended corrective actions resulting from these evaluations are listed in the

attached table. The corrective actions have been assigned to TVA staff or contractors

experienced in general earth work construction and operation/construction of coal

combustion disposal facilities.
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TVA has retained the services of a third party consultant, Stantec, to assess each coal

combustion byproducts storage facility at the eleven (11) active and one (1) inactive fossil

plant. The assessments include field reconnaissance and records review for each facility.

Reports will include recommendations and a priority list for additional geotechnical and

engineering evaluations, if necessary. The study is on-going with results expected by the

end of April 2009.

As a part of this study, TVA has initiated geotechnical explorations of the gypsum stack at

our Paradise Fossil Plant, the ash pond at our Johnsonville Fossil Plant, the gypsum stack

and ash dredge cell at our Widows Creek Fossil Plant, the ash disposal facility at our John

Sevier Fossil Plant, and the gypsum stack and ash stack at our Cumberland Fossil Plant.

6. When did a State or Federal regulatory official inspect or evaluate the safety

(structural integrity) of the management unit(s}? If you are aware of a planned state

or federal inspection or evaluation in the future, when is it expected to occur?

Please identify the Federal or State regulatory agency or department which

conducted or is planning the inspection or evaluation. Please provide a copy of the

most recent official inspection report or evaluation.

TVA facilities are subject to regulation by state agencies responsible for permitting solid

waste disposal and discharging of process or storm water flows. These state agencies do

perform field reviews; however TVA facilities are not subject to regulation by state

agencies relative to dam safety permitting and have not been subject to review or

inspections by any federal.regulatory agency. Copies of the most recent issued inspection
report are enclosed for the 2007-2008 time period.

7. Have assessments or evaluations, or inspections conducted by Federal regulatory

officials conducted within the past year uncovered a safety issue(s} with the

management unit(s}, and, if so, describe the actions that have been or are being
taken to deal with the issue or issues. Please provide any documentation that you
have for these actions.

TVA facilities are subject to regulation by state agencies responsible for permitting solid

waste disposal and discharging of process or storm water flows. These state agencies do

perform field reviews however; TVA facilities are not subject to regulation by state or

federal regulatory agencies relative to dam safety permitting and have not been subject to

review or inspections. Copies of the most recent issued inspection report are enclosed for

the 2007-2008 time period.

Primarily maintenance issues were identified
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during the most recent inspections. A summary of items identified are provided in the

attached table. TVA is currently preparing work orders to address these items. The work

will be performed by TVA staff or contractors experienced in earth work and the operation

of coal combustion product disposal facilities.

8. What is the surface area (acres) and total storage capacity of each of the

management units? What is the volume of materials currently stored in each of the

management unit(s)? Please provide the date that the volume measurement(s) was

taken. Please provide the maximum height of the management unit(s). The basis

for determining maximum height is explained later in this Enclosure.

The surface area, total storage capacity, volume of materials currently stored, and date of

last volume measurement for each management unit are provided in the attached table.

Data based on 2006 long-range plans of the projected remaining capacities ending at
Fiscal Year 2008.

9. Please provide a brief history of known spills or unpermitted releases from the unit

within the last ten years, whether or not these were reported to State or federal

regulatory agencies. For purposes of this question, please include only releases to

surface water or to the land (do not include releases to groundwater).

A history of known spills or unpermitted releases from each unit within the last ten (10)

years, if applicable, is listed in the attached table. All spills and unpermitted releases were

reported to the appropriate state or federal agencies as required by regulation or law.

10. Please identify all current legal owner(s) and operator(s) at the facility.

The United States is the owner of TVA facilities, and TVA is the operator of each facility
listed in the attached table.
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CURRENT LEGAL 
OWNER(S)) & 

OPERATOR(S)) AT 
FACILITY

EAST ASH DISPOSAL LOW TVA 1967 1978 FLY ASH 70 1,775,000 1,029,000 746,000 2006 20 20

EAST ASH STILLING 
POND Not Rated 1978 Not Expanded Fly ash, bottom ash 23 290,000

INCLUDED IN 
EAST ASH 
DISPOSAL 

AREA

INCLUDED IN 
EAST ASH 
DISPOSAL 

AREA

2006 20 20

DRY FLY ASH DISPOSAL 
AREA Not Rated 1982 - Phase 1 1990 - Phase II FLY ASH 17 (Phase II) 4,800,000.00 3,903,000 897000 2006 60 84

FLY ASH POND AND 
STILLING BASIN AREA 2 LOW TVA 1967

1976 - divider dike 
constructed to form 
Stilling Pond     1981 - 
dike constructed to 
form Pond 2A

Fly ash, bottom ash 49 2,700,000 2,332,600 367,400 2006 20 20

BOTTOM ASH DISPOSAL 
AREA 1 Not Rated 1967

1980 - Dike 
constructed to form 
stacking area within 
former pond

BOTTOM ASH (flows 
to Fly Ash Pond) 32 876,500 627,000 250,000 2006 52 65

GYPSUM DISPOSAL 
AREA 2A Not Rated

1981 (originally fly ash 
settlement pond)             
2008 (Gypsum Disposal 
Area)

Not Expanded

FLUE GAS 
EMISSION CONTROL 
RESIDUALS (Flows to 

fly ash pond)

42 2,743,000 896,000 1,847,000 2006 45 165

DISPOSAL AREA 5 LOW TVA 1983 1990 - converted to 
dry ash operation

FLY ASH, potentially 
ammoniated. 75 8,800,000 6,765,000 2,035,000 2006 120 135

ASH POND 4 LOW TVA 1972 1984 Bottom ash, fly ash 
(historical) 45 2,200,000 1,159,000 1,041,000 2006 40 40

DISPOSAL AREA 5 BASIN Not Rated 1983 N/A Fly Ash 12 600,000 150,000 450,000 2006 17 17

DRY ASH STACK Not Rated 1969
Dry Ash stacking 
began in mid- 1990s 
over old pond

FLY ASH/BOTTOM 
ASH 110 12,600,000 4,781,000 7,819,000 2006 35 200

ASH POND LOW TVA 1969 Dikes raised in 1979 Bottom ash, fly ash 
(historical) 50 2,000,000 1,305,000 695,000 2006 35 35

GYPSUM STORAGE AREA LOW TVA 1969
Gypsum area 
constructed over old 
pond in mid 1990s

FLUE GAS 
EMISSION CONTROL 

RESIDUALS
170 20,000,000 1,826,000 18,174,000 2006 60 140

FLY ASH POND E LOW TVA 1970

1986 - Divider Dike 
Constructed Forming 
Ponds A and E;           
2006 - Pond E 
Expanded

FLY ASH, bottom ash. 
E flows to C. 157 7,100,000 4,968,000 2,132,000 2006 30 35

BOTTOM ASH POND A LOW TVA 1970

1986 - Divider Dike 
Constructed Forming 
Ponds A and E;           
1994 - Divider dike 
raised

BOTTOM ASH; A 
flows to B 269 7,083,000 4,951,409 2,131,591 2006 25 25

STILLING POND B, C & D Not Rated 1970

1986 - Ponds B and 
C formed when 
divider dike 
constructed to form 
Ash Ponds A and E

FLY ASH & BOTTOM 
ASH and other listed 

in E.
55 600,000 400,000 200,000 2006 10 10

DRY ASH STACK Not Rated 1955 (former ash 
ponds)

1979 - all sluicing 
stopped, designated 
for dry ash disposal

FLY ASH 84 3,800,000 2,098,000 1,702,000 2006 101 143

BOTTOM ASH POND LOW TVA 1979 Not Expanded BOTTOM ASH, FLY 
ASH

26 ( pond area 
only)         

41 (total area)
1,200,000 1,035,293 165,000 2006 25 25

NR

NR NR

Owner - United States, 
Operator - TVA

Owner - United States, 
Operator - TVA

Owner - United States, 
Operator - TVA

Owner - United States, 
Operator - TVA

Owner - United States, 
Operator - TVA

Nov-08 2009 NRNR

NR

NR

NR

NR

Allen Fossil Plant

Maintenance concerns such as rutting, 
erosion, vegetation, etc., were noted; a 
seep was noted north of the plant - TVA 
has an independent consultant 
evaluating the seep.

2009

2009Nov-08

2009

Annual maintenance items reported by 
GAF include:  annual seeding of new 
dikes for Pond E, mow along Pond E 
dike slopes beneath power lines along 
river.

Bull Run Fossil 
Plant

(1) Work order written to regrade top of 
Bottom Ash Stack, (2) work order for 
regrading and placement of rip rap 
below drainage pipe erosion on east 
side of Bottom Ash Stack, (3) work 
orders written for numerous animal 
paths and burrows noted around 
Bottom Ash Stack and Active Fly Ash 
Pond Area 2, (4) work order for repair of 
erosion areas along the bank of Bull 
Run Creek on south side of Active Fly 
Ash Pond Area 2, (5) removal of fallen 
trees on west side of Area 2 Stilling 
Pond and north side of Gypsum 
Disposal Area 2A, (6) work order written 
to repair  eroded area on south slope of 
Gypsum Disposal Area 2A.

Nov-07

(A) to monitor the exterior dikes slopes 
and toe areas of all disposal areas for 
surface sloughs, new seepage area, 
changes in existing seeps, or 
movements; (B) continuation of mowing 
program and prevention of tree growth 
on dikes; (C) cover exposed slopes with 
earth, seed, fertilize and mulch as 
described in the operations manual; (D) 
removal of sediment from Coal Yard 
Drainage basin; (E) reclaim animal 
burrows.

2009

Colbert Fossil Plant Mar-08

NR

Cumberland Fossil 
Plant

Maintenance activities needed include 
repairs for erosion, monitoring seepage, 
tree removal, clearing and cleaning 
inner slopes and perimeter ditches, 
repair of animal burrows, establishing 
vegetation in exposed areas, and 
recommendations for construction of 
the current gypsum dikes.  

Disposal Area 5 - reported annual 
maintenance items include:  cover and 
vegetate stack slopes semi-annually, 
repair erosion as needed, regrade 
perimeter ditch as needed.  Ash Pond 4 
- joint sealant applied to RCP spillway 
riser joints annually, semi-annual 
mowing of dike slopes, reportedly 
applied tree killer substance to sparse 
tress on west side of pond last year 
(trees not yet removed though), weekly 
monitoring of seepage areas. 

John Sevier Fossil 
Plant

2008Gallatin Fossil Plant

2009

Feb-09

NR

NR

Owner - United States, 
Operator - TVA

1
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REMAINING 
CAPACITY 

(Cubic Yards)

DATE 
VOLUME 
TAKEN

CURRENT 
HEIGHT (FT)

FUTURE 
MAX. 

HEIGHT (FT)

KNOWN SPILLS OR 
UNPERMITTED RELEASES 
(SURFACE WATER/LAND)  

See footnote #4

CURRENT LEGAL 
OWNER(S)) & 

OPERATOR(S)) AT 
FACILITY

Johnsonville Fossil 
Plant ASH DISPOSAL AREA 2 LOW TVA 1970 1978 FLY ASH & BOTTOM 

ASH Nov-07 2009

Recommendations include 
maintenance activities:  filling animal 
burrows, repairing erosion, filling in 
depressed areas, clearing heavy 
vegetation, and tree removal.  
Additionally, also monitoring seepage.  

NR 87 4,360,000 4,164,000 199000 2006 30 30

Reported release of small quantity 
of ceneospheres on March 27, 2004 
when discharge structure was 
disturbed during maintenance.

Owner - United States, 
Operator - TVA

MAIN ASH POND LOW TVA 1951 1968 - raised dike FLY ASH & BOTTOM 
ASH 92 14,370,000 UNKNOWN UNKNOWN NA 50 UNKNOWN

STILLING POND LOW 
See footnote 1 TVA 1978 Not Expanded Materials from main 

ash pond 29 468,000 260,000 208,000 2006 50 50

SCRUBBER SLUDGE 
COMPLEX (Gypsum Stack 

and Scrubber Sludge 
Stilling Pond)

LOW TVA 1986 Not Expanded
FLY ASH, FLUE GAS 
EMISSION CONTROL 

RESIDUALS
255 858,000 11,783,000 35,074,000 2006 62 270

FLY ASH EXTENSION 
AREA POND (Peabody 

Ash and Stilling Pond and 
Jacob's Creek Fly Ash and 

Stilling Pond)

LOW TVA 1971 1997 FLY ASH 203 6,348,000 2,956,000 3,392,000 2006 34 34

SLAG AREAS 2A & 2B LOW TVA 1967 1970

BOTTOM ASH. A 
portion of the flow is 
routed to the fly ash 

extension area pond.

27 968,000 752,000 216,000 2006 24 24

CONSOLIDATED WASTE 
DRY STACK 1984

Horizontal expansion 
design prepared in 
2000

FLY ASH/BOTTOM 
ASH.  Drains to ash 

pond
200 33,194,000 22,811,000 10,382,000 2006 100 270

ASH POND LOW TVA 1952

Area 2 was 
constructed in 1971 
and the dikes were 
raised in 1979

FLY ASH/BOTTOM 
ASH 180 5,000,000 4,712,000 287,000 2006 25 25

ASH POND (Complex 
consists of Bottom Ash 

Stack, Iron Pond, Cooper 
Pond, Old Scrubber 

Sludge Pond (Dredge 
Cell), Asbestos Waste 
Disposal Area, Pump 

Pond, Upper and Lower 
Stilling Ponds)

LOW TVA 1950

During 2005, a 
dredge cell was 
constructed over the 
old scrubber sludge 
pond area. During 
2007 dredging 
ceased.

FLUE GAS 
EMISSION CONTROL 

RESIDUALS, FLY 
ASH & BOTTOM ASH

310 18,890,000 1,856,000 17,034,000 2006 50 115

GYPSUM STACK (Wet 
Stacking Area) LOW TVA 1986

Phase I vertical 
expansion occurred 
from 1986 to 1992.  
Phase II horizontal 
expansion began in 
1992.

FLUE GAS 
EMISSION CONTROL 

RESIDUALS, FLY 
ASH & BOTTOM ASH

110 17,683,000 7,892,000 9,791,000 2006 75 150

Watts Bar Fossil 
Plant (Inactive)

ASH POND and STILLING 
BASIN LOW TVA 1974 1977 Previous fly ash, 

bottom ash Feb-09 2009
Complete Closure Plan - currently 
construction is approximately 95 
percent complete.

NR 14 230,000 150000 80,000 2006 30 30 NR Owner - United States, 
Operator - TVA

Notes:
2. Year Management Unit Commissioned approximated from available reports, drawings, or permit documents.  
3. NR - None Reported
4. Does not include NPDES permit exceedences

2009Oct-08

NR2009Feb-09 NR

Review with the Constructor the 
Gypsum Stack operations manual and 
drawings to ensure the operations 
continue in accordance with the current 
stacking plan, monitor the wet area 
along the southern lower perimeter 
dike, rework a portion of the west slope 
next to the Stilling Pond, install sub 
drains on the west slope adjacent to the 
Gypsum Stilling Pond, uncover the 
slope drains on the 650/655 bench and 
grade per design drawings. In regards 
to the Wet Gypsum Stacking Stilling 
Pond, the planned actions are to 
consider and alternate skimmer design 
on TVA drawing 10W235-19. In regards 
to the Pump Pond, the planned actions 
are to monitor the seep in the dike 
between the Stilling Pond and the Pump 
Pond. In regards to the Active Ash 
Pond, the planned actions are to 
monitor the seepage along the south 
Perimeter dike next to the stilling pond. 

NR

Oct-08 2009

With respect to dam safety, primarily 
minor concerns (rutting, erosion, 
vegetation, etc.) were identified in the 
report. The under drain ditch at the 
Gypsum Stack needs to be cleaned out 
to prevent flow over the road. Several 
seeps were noted at the Daniel Run 
Pond 3, but were not flowing. 
Recommended removal of fines from 
the Coal Yard Runoff Ponds and all of 
the Red Water Ponds.

November 7, 2003 and November 
1, 2006, an ash release occurred to 
land from a slough in the Dredge 
Cell embankment.  A release into 
the Emory River occurred on 
December 22, 2008 from the 
Dredge Cell embankment failure.  
No reports found of releases from 
the Main Ash Pond or Stilling Basin.

2009

Standard recommendations were to 
repair all erosion ditches, repair wheel 
ruts, remove floating ash from the pond 
to prevent a permit violation, remove 
trees from dikes and mow the dikes 
regularly to control the growth of 
vegetation.  Repair broken monitoring 
wells along Swan Pond Road, monitor 
seeps and under drains.

Owner - United States, 
Operator - TVA

Reported release of small quantity 
of ceneosperes from the Ash Pond 
which occurred on December 10, 
2004 due to intense precipitation.  
Reported release of small quantity 
of ceneospheres from the Ash Pond 
which occurred on January 30, 
2008.  An abandoned decant weir in 
Pond 2B of the Gypsum Stack failed 
on January 9, 2009.

NR

NR

Owner - United States, 
Operator - TVA

Owner - United States, 
Operator - TVANR

Paradise Fossil 
Plant

Maintenance activities needed include 
repairs for erosion, monitoring seepage, 
tree removal, clearing and cleaning 
inner slopes, repair of animal burrows, 
establishing vegetation in exposed 
areas, monitoring animal paths, 
repairing leaking raw water line, 
removing sediment build-up, and 
recommendations for regrading intake 
channel dredge cell.  

Kingston Fossil 
Plant Oct-08

Shawnee Fossil 
Plant

1. Hazard Potential listed for those facilities previously rated by TVA, all facilities are currently under evaluation.  Based on hindsight at Kingston Fossil Plant, the ranking did not adequately represent the actual risk experienced on 12/22/2008.

Widows Creek 
Fossil Plant

Owner - United States, 
Operator - TVA

2
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                 GAF ______                       3. Date: ______10-13-2010____________

TVA Monthly / Quarterly  Facility Safety Inspection Form Note: Inspection Must Be Performed Walking 

Harold Catlett 

7. Observation Frequency 

8. Weather Conditions / Temperature 

Yes No Yes No

X

X   X

  X

  X  N/A

 X N/A N/A

 X X

N/A N/A

N/A N/A

X

 X

 X N/A

 X

 X

X X

X X

N/A N/A

N/A N/A

N/A X

N/A

X  

A. Prior Deficiencies Checked X X

X X

X

X

20. Who was Notified of New Deficiency: (Date / Time) 

10/01-31/2010 Signature: ________________________________Harold Catlett Date: ____________ 10-13-10

TVA Monthly / Quarterly  Facility Safety Inspection Form

6. Hazard Classification:    High    Significant   X  Low

 X Monthly                         Quarterly                         Other (significant event) 

 Sunny & Hot

D. Erosion B. Boils   ○ New ○ Existing 

12.                 INTERIOR / EXTERIOR DIKE SLOPES   ○ Clear or Muddy

Check the appropriate box below.  If not applicable, record "N/A".  Provide comments when appropriate.  Any other areas that should be brought to the attention of 

the Program Manager should also be noted in the "Comments" section.  Indicate the locations of any areas identified, and photograph and attach to the form.  

Previous observation forms should be reviewed and any NEW observations or degradation of pervious conditions should be reported on this observation form.   

(NOTE ONE (1) FACILITY PER FORM) 

N/A          gpm 

9. Pre-Job Safety Briefing Performed 14.                                    DIKE TOE AREAS

10. Activity / Construction on/ at facility A. Seepage    ○ New ○ Existing 

11.                              DIKE CREST     ○ Clear or Muddy N/A

A. Settlement / Cracking      ○Flow Increase / Decrease 

B. Rutting     ○ Aquatic Vegetation Growing

C. Lateral Displacement     ○ Ash or Clay Deposits Below Seep Outlet

A. Minimum Pool Elevation Measurement N/A                ft.    ○ Flow Increase / Decrease 

B. Maximum Pool Elevation Measurement N/A                ft.    ○ Growing in Size 

G. Sinkholes/Depressions  ○ New  ○ Existing 

C. Actual Pool Elevation Measurement N/A                ft.  

B. Increased Flow  

E. Instabilities  (Sloughs or Slides) A. Estimated Flow Measurement

F. Erosion 

D. Freeboard  > 4'

C, Emitting Clear or Dirty Water 

C. Sinkholes/Depressions   ○ New  ○ Existing

H. Vegetation / Brush / Trees  

I. Animal Burrows    ○ New    ○ Existing A. Decant Riser Misaligned

J. Seepage   ○ New ○ Existing B. Decant Pipe Joints

16.                    SPILLWAY WEIRS & OUTLETS 

13.                                 DEFICIENCIES 

B. Weekly Observations Performed 

B. New Deficiencies Identified / Flagged C. Changes in Operations

   ○ Ash or Clay Deposits Below Seep Outlet C. Headwall In Good Condition

A. Routine O&M Performed

17.                  OPERATIONS & MAINTENANCE 

   ○ Clear or Muddy     ○ Leaking 

   ○ Increased Flow     ○ Separated 

K. Seep around Drain Pipe (s)

C. Immediate Actions Taken (Note Below) 

N/A

N/A           gpm 

15.                  SEEPAGE COLLECTION SYSTEM 

N/A           gpm 

Period Covered:

D. Photos of deficiencies attached  

18. Major adverse changes in these items could cause instability and should be reported to the Program Manager as soon as possible for further 

evaluation.  Adverse conditions noted in these items should normally be described (extent, location, etc.) in the space below and on the backside of 

this sheet if needed.

21. I hereby attest the above is based on actual field observations made during the period indicated, by either myself or an appointed representative and are 

accurate, complete, and correct to the best of my knowledge.

NOTE: Quarterly Inspection Deficiencies to be documented on spreadsheet with applicable latitude and longitude coordinates 

referenced.  SHOW ALL QUARTERLY INSPECTION DEFICENCIES ON AERIAL PHOTOS ALSO
19. Item #   Comments/Observations/Action Taken: 

Building interior dikes to help retension time in main ash pond
 

Form Date 3/9/2010  Page 1 of ___
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Memo 
 

 

cdm v:\1755\active\175559018\clerical\correspondence\memo_20100505.docx 

To: Rachel Combs, TVA 
Roy Quinn, TVA   

From: Randy L. Roberts, PE 

    
File: 175559018 Date: May 5, 2010 

 

Reference: Post-Rain Event Site Visit to Gallatin Fossil Plant  

Here is a summary of our post-rain site visit to GAF.  Paul Cooper and I visited the plant 
on May 3, 2010 following heavy weekend rain.  A few selected photos are attached. 
 

1. No signs of slope instability observed along dikes. 
 
2. Two new potential small toe seepage locations discovered – one at NW corner 

of Pond A (pointed out by William Perry), one at S side of Pond E just west of 
other known seep (see attached site plan).  These could just be areas where 
rain has infiltrated the dikes and water is now slowly exiting down slope.  Need 
to keep watching under drier conditions for further evaluation.  These do not 
appear to be critical.  
 

3. Widespread rill and gully erosion observed primarily along dikes and slopes 
constructed of bottom ash.  These include: 

 
 Pond A north and west divider dikes. 
 Pond E north toe area just above stilling ponds. 
 Pond C bottom ash saddle dike. 

 
Eroded areas should be repaired.  Foundation benches will need to be cut along 
along dike edges to facilitate placement and compaction of material.  William 
Perry suggested doing some possible re-sloping of dike crests as repairs are 
made. 
 

4. Pool level of adjacent Old Hickory Lake reached about El. 451 feet – just at the 
dike toe of Pond E at its lowest point. 
 

5. Pool levels in Ponds A and E appeared to rise no more than about 18 to 24 
inches. 
 

6. Stilling pond observations: 
 

 Breach occurred to the north at natural low area across access road – this 
actually helped to serve as an “emergency” spillway. 



May 5, 2010 
Rachel Combs and Roy Quinn 
Page 2 of 2  

Reference: Post-Rain Event Site Visit to Gallatin Fossil Plant  

  
 Pool level rose within about 12 inches or so of overtopping dike at outlet.  

This corresponds to a pool rise of about 3.5 feet or so. 
 Drainage from off-site enters the east end of the stilling pond. 

 
TVA personnel should continue to review areas as pool levels recede and conditions 
become drier.   
 
If you have any questions, please call. 
 

STANTEC CONSULTING SERVICES INC. 

Randy L. Roberts, PE 
Senior Associate 
/cdm 

Attachments  

c. Alan Casaday 
Michael S. Turnbow 
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May 3, 2010 Site Visit

Gallatin Fossil Plant (GAF)
                                                                                     Photos

 

 

Photo 1 
Typical erosion north toe area of Pond E 
dike just above stilling ponds. 

 

 

Photo 2 
Typical erosion along Pond A divider dike. 

 

 

Photo 2 
Typical erosion along Pond C bottom ash 
saddle dike. 
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May 3, 2010 Site Visit

Gallatin Fossil Plant (GAF)
                                                                                     Photos 

 
Photo 4 
Old Hickory lake at Pond E dike toe on west  
side. 

 

Photo 5 
Area of stilling pond breach across access 
road on north side. 

 

Photo 6 
Stilling pond outlet area. 
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May 3, 2010 Site Visit

Gallatin Fossil Plant (GAF)
                                                                                     Photos 

 
Photo 7 
Stilling pond spillway area. 

 

Photo 8 
Offsite drainage entering stilling pond 
complex through pipe from the east. 

 

Photo 9 
Source of off-site drainage into stilling pond 
east of Pond B.  Photo taken from top of 
railroad embankment looking northeast. 

 
 



Possible New Seep Possible New Seep

GAF Possible New 
Seepage Locations 

5/3/2010
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Memo 
 

 

ddb v:\1755\active\175559018\clerical\correspondence\memo_20100528\mem_001_2nd _post_rain_visit.docx 

To: Rachel Combs, TVA 
Roy Quinn, TVA   

From: Randy L. Roberts, PE 
Paul J. Cooper, PE 

    
File: 175559018 Date: May 28, 2010 

 

Reference: Second Post-Rain Event Site Visit to Gallatin Fossil Plant  

Here is a summary of our second post-rain site visit to GAF.  Paul Cooper, PE made a 
second follow-up visit on May 27, 2010 to view areas around the stilling ponds that 
could not be seen on May 3 due to high water, and to follow up on other items.  A few 
selected photos are attached. 
 

1. No signs of instability or new seepage were observed at the Stilling Pond D 
outlet area or Stilling Pond C bottom ash saddle dike.  Stantec could not review 
these areas during the previous visit because of high water in the stilling pond, 
and at the low-lying area beyond the Stilling Pond C saddle dike. 
 

2. A small sinkhole has formed to the north of the Stilling Pond C bottom ash 
saddle dike.  This sinkhole was recently discovered by TVA.   The area beyond 
the saddle dike is a low-lying drainage basin and was flooded during the rain 
event.  It is believed that the formation of the sinkhole is related to the flood 
event.  During heavy rain, groundwater will fill the bedrock joints/crevices and 
will rise up into soil overburden.  When the groundwater recedes (and in this 
case when additional flood waters drain), soil particles are eroded downwardly 
into the bedrock joints/crevices and sinkhole collapses can form.  It does not 
appear that this sinkhole is related to the adjacent dike; however, since it is 
close to the dike toe, Stantec recommends that it be repaired.   
 
Repair should consist of the following: 
 

• Step 1 - Excavate the area downwardly to expose the bedrock surface, 
or to a maximum depth of approximately 6 to 7 feet.  If bedrock is 
encountered, follow procedures described in Step 2.  If bedrock is not 
encountered, proceed to Step 3.  (While on site Stantec probed the 
immediate vicinity around the sinkhole to depths of about 3 to 5 feet and 
did not encounter bedrock).  Pumping of groundwater from the 
excavation will likely be necessary.  The edge of the excavation should 
not extend any closer than 5 feet from the dike toe on the south side.  
Also, side slopes of the excavation should be no steeper than 1H:1V. 
 



May 25, 2010 
Rachel Combs and Roy Quinn 
Page 2 of 3  

Reference:  Second Post-Rain Event Site Visit to Gallatin Fossil Plant 

  
• Step 2 (if bedrock encountered) - Clean loose/wet soil from the bedrock 

surface and search for obvious crevices or open joints within the 
bedrock.  If these are found, clean them of loose soil as much as 
practicable (using shovels or other hand-held equipment) and fill/choke 
the joints/crevices with TDOT No. 3 crushed stone.  Place stone in 
crevices up to the level of the bedrock surface and proceed to Step 3.  If 
joints or crevices of sufficient size for cleaning/filling are not discovered, 
then proceed to Step 3.  
  

• Step 3 – Remove loose material and line the entire excavation (bottom 
and sides) with TDOT Type IV Geotextile Fabric (non-woven).  Place 
TDOT No. 3 crushed stone up to within 3 feet of the surface.  Place Type 
IV geotextile fabric over crushed stone.  Place and compact clay over 
fabric to fill the excavation and restore grade.  Clay should be placed in 8 
inch lifts and thoroughly compacted with a hand held mechanical tamper. 

   
It is recommended that a Stantec representative be present on site to review the 
repair excavation, make observations, and to provide consultation as the repair 
progresses.  Field adjustments may be needed depending on actual conditions 
encountered.  Also, it should be noted that ground was very soft during this visit.  
Crushed stone may be needed to stabilize the surface for construction 
equipment access.  Small equipment should be used.   

 
3. During Stantec’s May 3 visit, two new potential small toe seepage locations 

were discovered – one at NW corner of Pond A (pointed out by William Perry), 
one at S side of Pond E just west of other known seep (see attached site plan).  
At that time, Stantec judged that these could just be areas where rain has 
infiltrated the dikes and water is now slowly exiting down slope.  During this site 
visit, these two areas were dry and Stantec did not observe any seepage or wet 
ground conditions.  This tends to support our initial conclusion, but additional 
observations with time should still be made.    
 

4. Stantec observed that erosion areas along the divider dike between Pond A and 
E had been repaired.  Erosion repairs were also observed along the Stilling 
Pond C saddle dike, but some new minor erosion had re-appeared.  Erosion 
repairs had not yet been performed along the Pond A divider dike or along the 
dike toe area of Pond E.  Erosion repairs and monitoring should continue.  
 

5. Pool level of adjacent Old Hickory Lake has returned to normal pool. 
 

6. Pool levels in ponds appear to have returned to normal. 
 
 
 
 



May 25, 2010 
Rachel Combs and Roy Quinn 
Page 3 of 3  

Reference:  Second Post-Rain Event Site Visit to Gallatin Fossil Plant 

  
If you have any questions, please call. 
 

STANTEC CONSULTING SERVICES INC.  

Randy L. Roberts, PE     Paul J. Cooper, PE 
Senior Associate     Project Engineer  
/cdm 

Attachments  

c. Alan Casaday 
Michael S. Turnbow 
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May 27, 2010 Site Visit 

Gallatin Fossil Plant (GAF) 
                                                                                     Photos  

 

 

Photo 1 

Small sinkhole just beyond Stilling Pond C 
Saddle dike. 

 

 

Photo 2 

Close up view of small sinkhole just beyond 
Stilling Pond C Saddle dike. 

 

 

Photo 3 

Stilling Pond D outlet area. 
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May 3, 2010 Site Visit 

Gallatin Fossil Plant (GAF) 
                                                                                     Photos  

 

 

Photo 4 

Divider dike between Pond A and Pond E 
showing erosion repairs. 

 

 

Photo 5 

Erosion beginning to re-form along Stilling 
Pond C saddle dike. 

 
 
 
 
 
 
  



Possible New Seep Possible New Seep

GAF Possible New 
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1. Potential Seepage Areas 

For readers not familiar with seepage through dams, refer to Appendix B, “Possible Seepage 
Problems and Recommendations” for more illustrative details. Seepage through an 
impoundment dam can typically be found on the lower third of the slope and extending 
beyond the toe approximately fifty feet.  Figure 1 below displays the typical area on a cross 
section that should be reviewed during the seepage inspection for the Ash Pond Complex.  
However, other seepage areas may exist, and the field inspector should be familiar with 
previous inspection reports and observations.  Based on geotechnical analysis, plan views 
illustrating potential seepage areas have been prepared and are included in Appendix A.  
The areas identified, along with any other area previously identified during inspections, 
should be reviewed on a regular basis as identified in this document.   
 

 
Figure 1. Seepage Inspection Location 

 
2. Basic SAP Data 

2.1. Purpose 

The purpose of this SAP is to describe potential seepage action levels, and provide seepage 
short term management measures and actions in the event these action levels are observed.   
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2.2. Potential Impacted Area 

Seepage related issues impact the integrity of earthen embankments.  Seepage can lead to 
internal erosion of the embankment, known as piping, which has been the cause of many 
catastrophic failures in the past. Piping is a process where soil particles slowly carried out 
from inside the dam, eventually creating a tunnel or pipe. If the pipe forms all the way to the 
reservoir, the embankment will fail rapidly. Since the embankments at Gallatin Fossil Plant 
serve as an impoundment for ash slurry, it is imperative to maintain the embankments and 
prevent any possible failure from occurring.  If a failure were to occur, the ash slurry could 
potentially contaminate Gallatin Fossil Plant and the Cumberland River. 

2.3. Primary Responsibility and Frequency of Dike Safety Inspections 

1. TVA RHO&M Field Supervisor for Gallatin Fossil Plant (Field Supervisor) 

2. TVA RHO&M East Region Construction Manager 

3. TVA RHO&M Program Manager for Gallatin Fossil Plant  

Documented inspections should occur at a minimum of once per month. Additionally, there 
are two criteria which warrant an inspection. A documented inspection should occur following 
a significant precipitation event (0.5 inches of rain, 4 inches of snow), as well as following a 
change in the operation of the wet stack, pond, or other CCP wet waste area (switching 
between east/west ditch, switching ponds, raising pool elevations, etc.). A documented 
inspection involves inspecting the potential seepage areas noted on the plan views in 
Appendix A, paying particular attention to areas of concern previously identified. The 
Seepage Log should be updated to include new descriptions and photographs of any new 
areas of concern or changes to previously identified areas. Random inspections can occur 
on a more frequent basis if deemed necessary by the Field Supervisor. 

3. Seepage Action Level Determination 

For the purpose of this plan, three seepage action levels have been identified.  The levels 
are based on potential risk associated with progressive erosion due to seepage and resulting 
breach of the embankment or impoundment.   

Action Level 1 – Non-Flowing  

• Wet areas 

• Ponded Water  

Action Level 2 – Flowing Seepage – No Erosion 

• Non turbid (clear water) flow 
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Action Level 3 – Flowing Seepage – Active Erosion 

• Turbid Flow  

• Deposition of Sediment from Dike or Dam 

• Boils (Ground Surface/ Underwater) 

• Upstream Collapse or Sinkhole 

3.1. Action Level 1 – Non Flowing 

Seepage occurs in all earthen dams and dikes.  The key is to properly collect and control 
seepage in a manner that does not cause damage to the embankment.  Seepage that is not 
flowing but is evident by damp areas or ponded water does not generally represent an 
imminent threat to the embankment in terms of erosion (see Figure 2).  However, if left 
unattended this seepage can lead to slope instabilities.  Therefore, this should be noted so 
that it can be observed for changing conditions both at the downstream observation point 
and immediately upstream along the interior slopes. 

 
Figure 2. Example of Action Level 1 – Non-Flowing – Wet Area 

3.2. Action Level 2 – Flowing Seepage – No Erosion 

Action Level 2 involves observations of flowing seepage, but evidence of erosion is not 
noted.  Evidence of erosion can be in the form of turbid (muddy water) flow, sediment 
deposition, obvious hole or soil “pipe”.  Evidence of erosion can be subtle and as a result, 
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any flowing seepage should be carefully reviewed and monitored at least monthly.  A picture 
of flowing seepage water showing no evidence of erosion is depicted in Figure 3. Note that a 
seep does not need to be continuously turbid for a piping situation to be forming. 

 
Figure 3. Example of Action Level 2 – Clear Flowing – Seepage Boil 

 

3.3. Action Level 3 – Flowing Seepage – Active Erosion 

Left unmitigated seepage demonstrating active erosion can lead to progressive failure of the 
embankment and catastrophic loss of the impoundment.  Evidence of erosion can be in the 
form of turbid flow, sediment deposition, boil, obvious hole or soil “pipe”.  Evidence of erosion 
can be subtle and as a result, any flowing seepage should be carefully reviewed and 
monitored frequently.  Careful attention should be given to seepage below water such as a 
stilling pond, creek or river (see Figure 6).  This type of seepage is difficult to observe and 
determine if soil erosion is occurring.  In moving water, evidence of seepage boils conveying 
embankment soil/ash materials will likely be (partially) washed away.   Examples of active 
erosion are shown in Figures 4 thru 5. 
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Figure 4. Example of Action Level 3 – Turbid Flowing – Seepage Boil 

 

 
Figure 5. Example of Action Level 3 – Deposition of Sediment from Dike 
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Figure 6. Example of Action Level 3 – Underwater Turbid Flowing – Seepage Boil 

 

4. Intermediate Corrective Measures 

For each action level a typical corrective measure is listed below. 

4.1. Action Level 1 – Non Flowing 

• Field Supervisor should document the seepage area into the Seepage Log 
(see below). 

• All observers should pay particular attention to conduits through the 
embankments. 

• Field Supervisor should record the date, time, size of area, location, and 
photographs in the Seepage Log. 

The Seepage Log should be kept at the Shift Operation Supervisor’s (SOS) office such that 
inspectors (TVA, geotechnical consultant, or others) can document event triggers (date, time, 
location, pool level, etc.) and the site conditions observed for each seepage event.  The 
Seepage Log shall function as a “living document” and be part of an ongoing monitoring 
program (to be controlled by TVA).  As the monitoring program progresses, the Seepage 
Log will allow inspectors to summarize the historical conditions observed and provide a 
baseline of events to compare with future readings. 

4.2. Action Level 2 – Flowing Seepage – No Erosion 

• Field Supervisor should carefully inspect the area for outflow quantity, any 
transported material, and take photographs.  

• If the seepage involves a conduit penetration associated with a spillway pipeline, 
storm culvert, or underdrain pipeline, the observer(s) should carefully inspect the 



 

7 
 

v:\1755\active\175560021\clerical\report\rpt_006_gaf_175560021_rev_0\rpt_006_gaf_175560021_rev_1.doc  Rev 1 

area by probing and /or carefully shoveling to see if the cause can be 
determined, determine if embankment materials are being transported, evident 
by turbid or cloudy water, and determine quantity of flow. 

• Contact team members in accordance with Figure 8. 

• Send photographs to the RHO&M Regional Construction Manager and CCP 
Program Manager for distribution.  

• Geotechnical consultant, with concurrence of the TVA Program Manager and 
CCP Engineering Manager, should determine a plan of action within four hours 
of notification 

• Field Supervisor should record the date, time, size of area, location, and 
photographs in the Seepage Log. 

4.3. Action Level 3 – Flowing Seepage – Active Erosion  

• Field Supervisor should carefully inspect the area for outflow quantity and 
transported material. 

• Field Supervisor should determine if piping has occurred and extent by 
observing locations of seepage exits, take photographs, and contact team 
members in accordance with Figure 9. 

• Geotechnical consultant, TVA Program Manager, and CCP Engineering 
Manager should determine a plan of action within four hours of notification such 
as lowering the pool, constructing a reverse graded filter, or sand bagging 

• A typical reverse graded filter will consist of the following:  

o One foot of Concrete Sand (TDOT Concrete Sand)  

o One foot of TDOT No. 89 Stone  

o Two feet of TDOT Machine Rip Rap Class A-3 

o Silt Fence as required by guidance provided in the Best Management 
Practices for Erosion Prevention and Sediment Control  

• An example of sandbagging is provided in Figure 7. 

• Field Supervisor should record the date, time, size of area, location, and 
photographs in the Seepage Log. 



 

8 
 

v:\1755\active\175560021\clerical\report\rpt_006_gaf_175560021_rev_0\rpt_006_gaf_175560021_rev_1.doc  Rev 1 

 
Figure 7. Sand Bag Treatment (Temporary) 

 
5. Materials On-Site 

In case an emergency situation is observed during the inspection of the potential seepage 
areas, it is necessary to have materials readily available on-site to correct the situation.  
Table 1 below lists the materials to be stockpiled on-site and the quantity of each material. 

Table 1. Stockpile Material Quantities 

Material Tons Cubic Yards 

Concrete Sand 90 60 

TDOT No. 89 Stone 90 60 

TDOT Machine Rip Rap Class A-3 180 120 

Sandbags (filled) 300 (total) NA 

30” Diameter HDPE Pipe 100 feet NA 

The amount of materials to be stockpiled is based on a production rate of 60 cubic 
yards per hour for a 2.5 CY long reach excavator assuming a material unit weight of 
110 PCF. 
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The materials should be stockpiled at the location determined by the Field Supervisor.  The 
following earthwork equipment and qualified operator(s) should be located to place the 
material in case of an emergency: 

• Long Reach Excavator 

• Dump Truck 

• Compactor, Bulldozer, Bobcat, any other nearby equipment which aids in the 
emergency 

6. The SAP Process 

6.1. Step 1 – Dike Observation or Event Detection 

This step describes the detection of an unusual observation or emergency event and 
provides information to assist the Gallatin RHO&M Field Supervisor or appropriate 
personnel in determining the appropriate emergency level for the observation or event.  
These observations could be made by inspectors during routine inspections of the 
embankments, or by everyday personnel. 

6.2. Step 2 – Emergency Level Determination 

Following an unusual observation or emergency event detection, the Field Supervisor is 
responsible for classifying the event into one of the following three emergency levels: 

6.2.1. Action Level 1 – Non Flowing 

Observation is routine to other observations and a similar established plan of action for minor 
repair or continued observation will be required.  If a Level 1 Emergency is identified, the 
following steps should be taken:  

• Update maps and Seepage Log 

• Inform GAF personnel if repairs are needed 

• Determine if other work activities need to be made aware of observation.  

6.2.2. Action Level 2 – Flowing – No Erosion  

A change in condition or a condition that has not been previously identified and discussed 
with the geotechnical engineers.  If a Level 2 Emergency is identified, the following steps 
should be taken:  

• Inform individuals in accordance with the flowchart in Figure 8.  

• Update map and Seepage Log 

• Inform GAF personnel if repairs are needed 

• Determine if other work activities need to be made aware of new conditions. 
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6.2.3. Action Level 3 – Flowing – Active Erosion 

A change in condition that is drastic and could rapidly lead to failure of the embankment if not 
corrected.  If a Level 3 Emergency is identified, the following steps should be taken:  

• Inform plant SOS, who will initiate TVA plant-specific Emergency Action Plan 
(see Figure 9). 

• Inform geotechnical consultant 

• Develop safe plan of action for repair with geotechnical consultants 

• Initiate repairs once plan has been approved by site safety and geotechnical 
consultant 

• Update map and Seepage Log. 

6.3. Step 3 – Notification and Communication 

6.3.1. Notification 

Following the determination of a possible seepage situation, it is necessary to notify the 
appropriate personnel discussed below for the required action to occur. 

6.3.2. Communication 

In case of an Action Level 2 emergency, the flowchart presented in Figure 8 should be 
followed to ensure the proper personnel are contacted.  In an Action Level 3 emergency, the 
flowchart presented in Figure 9 should be followed.  
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Field Supervisor 
Marty Helton 

(423) 637-2680 

RHO&M Construction Manager 
Harold Catlett 

(865) 755-9298 

RHO&M Program Manager 
Roy Quinn 

(423) 718-3349 

RHO&M General Manager 
Alan Casaday 

(423) 756-3958 

CCP Engineering Manager 
Michael S. Turnbow 

(423) 290-1654 

Dam Safety General Manager 
Rusty Tompkins 
(423) 751-6111 

RHO&M Manager 
Melissa Hedgecoth 

(423) 240-3132 

Figure 8. Level 2 Emergency Contact Flowchart 
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Shift Operation Supervisor (SOS) 
Varies 

(615) 230-4185 

Initiate Plant Specific Emergency 
Action Plan (EAP) 

 

Field Supervisor 
Marty Helton 

(423) 637-2680 

 
Figure 9. Level 3 Emergency Contact Flowchart 
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Ash Pond Complex Site 
Plans 
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Possible Seepage 
Problems and 
Recommendations 
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Appendix B – Possible Problems and Recommendations  

Seepage Problem Recommendations 

 
Seepage Water Exiting at Abutment 

Contact 

 

Study leakage area to determine quantity of flow and 
extent of saturation. Stake out the saturated area and 
monitor for growth or shrinkage. Inspect frequently for 
slides. Water level in the impoundment may be lowered 
to increase embankment safety. A QUALIFIED 
ENGINEER should inspect the conditions and 
recommend further actions to be taken. 

 
Seepage Water Exiting as a Boil in the 

Foundation 

 

Examine boil for transportation of foundation materials, 
evidenced by discoloration. If soil particles are moving 
downstream, create a sand bag or earth dike around 
the boil.  This is a temporary control measure. The 
pressure created by the water level within the dike may 
control flow velocities and prevent further erosion. If 
erosion continues, lower the reservoir level. A 
QUALIFIED ENGINEER should inspect the condition 
and recommend further actions to be taken.  

 
Spongy Condition at Toe of Dam 

 

Carefully inspect the area for outflow quantity and any 
transported material. A QUALIFIED ENGINEER should 
inspect the condition and recommend further 
actions to be taken.  
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Appendix B – Possible Problems and Recommendations  

Seepage Problem Recommendations 

 
Rodent Activity 

 

Control rodents to prevent more damage. Determine 
exact location of digging and extent of tunneling. 
Remove rodents and backfill existing holes. 

 
Seepage Water Exiting from a Point 

Adjacent to the Outlet 

 

Investigate the area by probing and/or carefully 
shoveling to see if the cause can be determined. 
Determine if leakage water is carrying soil particles 
evidenced by discoloration. Determine quantity of flow. 
If flow increases, or is carrying embankment materials, 
reservoir level should be lowered until leakage stops. A 
QUALIFIED ENGINEER should inspect the condition 
and recommend further actions to be taken.  

 
Sinkhole 

 

Inspect other parts of the dam for seepage or more 
sinkholes. Identify exact cause of sinkholes. Check 
seepage and  leakage outflows for dirty water. A 
QUALIFIED ENGINEER should inspect the conditions 
and recommend further actions to be taken.  
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Appendix B – Possible Problems and Recommendations  

Seepage Problem Recommendations 

 
Trees and Brush 

 

Remove all trees and shrubs on and within 25 feet of 
the embankment. Properly backfill void with compacted 
material. A QUALIFIED ENGINEER may be required. 

Source: Connecticut Department of Environmental Protection, Guidelines for Inspection and 
Maintenance of Dams, September 2001. 
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Seepage Log 



Area of 
Concern Date Time

Approximate 
Size          

(Linear Feet)
SAP 
Level Description Mitigation Status/ Future Plans

1 4/13/2010 N/A 2' x 3' 1

Redwater seep discovered by Stantec in January 2009 just 
above pool level of stilling pond to the east of pond A outlet 
system.  Minimal to no flow observed.  No piping, SAP 
Level 1.

Continued monitoring - Closure 
design currently being conducted by 
URS seep areas potentially will be 
adressed during closure

2 4/13/2010 N/A
400' to 500' 

long along toe 
of saddle dike

1
Redwater seep discovered by Stantec in January 2009 
along toe of saddle dike Stilling Pond C.  Minimal to no flow 
observed.  No piping, SAP Level 1.

Continued monitoring - Closure 
design currently being conducted by 
URS seep areas potentially will be 
adressed during closure

3 702974.32 187910.75 4/13/2010 N/A 5' x 20' 1
Redwater seep discovered by TVA personnel in March 
2010 just above the south dike toe at Pond E.  Very mall 
flow observed. No piping, SAP Level 1.

Continued monitoring - Closure 
design currently being conducted by 
URS seep areas potentially will be 
adressed during closure

4 703547.89 1877848.78 4/13/2010 N/A 5' x 20' 1
Seep discovered by TVA personnel in March 2010 just 
above west dike at toe of Pond E.  Wet/soft ground 
observed with no flow and no piping.  SAP Level 1.

Continued monitoring - Closure 
design currently being conducted by 
URS seep areas potentially will be 
adressed during closure

10' to 15' wide  
Seep area is located just beyond the west Pond E dike 
area adjacent to the pool level of Old Hickory Lake.  This Continued monitoring - Closure 

design currently being conducted by

GAF Seepage Log
Gallatin Fossil Plant
Gallatin Tennessee

Updated June 22, 2010 Rev. 1

Survey Requested

Survey Requested

Coordinate Location 
(Northing/Easting)

5 703906.95 1877803.21 4/13/2010 N/A by 100' to 200' 
long

1 could be remaining wet areas from recent high pool events 
of Old Hickory Lake, and needs further observations. SAP 
Level 1.

design currently being conducted by 
URS seep areas potentially will be 
adressed during closure

6 3/10/2010 N/A 1' x 1' 1

Possible seep located at the northwest dike toe of Pond A, 
discovered in February by TVA.  Some minor flow was 
noted by Stantec on May 3, 2010 after heavy rain event.  
The dike crest in this area tends to pool water during rain, 
area could be result of stromwater infiltration into the dike 
that is slowly exiting at the toe below.  SAP Level 1.

Continued monitoring - Closure 
design currently being conducted by 
URS seep areas potentially will be 
adressed during closure

7 5/3/2010 N/A 2' x 2' 1

Possible seep located just west of Seep 3 at the south dike 
toe of Pond E.  Discovered by Stantec May 3, 2010 just 
after heavy rain event.  Area exhibited very low flow and 
could be a result of stormwater infiltration into the dike that 
is slowly exiting at the toe below.  SAP level 1.

Continued monitoring - Closure 
design currently being conducted by 
URS seep areas potentially will be 
adressed during closure

Survey Requested

Survey Requested

Appendix C-1



Area of 
Concern Date Time

Approximate 
Size          

(Linear Feet)
SAP 
Level Description Mitigation Status/ Future Plans

GAF Seepage Log
Gallatin Fossil Plant
Gallatin Tennessee

Updated June 22, 2010 Rev. 1

Coordinate Location 
(Northing/Easting)

8 1998 N/A
30' to 40' 

rectangular 
area

2

GAF Seep 1A - seepage area located at the toe of Closed 
Disposal Area on southeast side.  Monitored by TVA to 
comply with TDEC-approved closure plan.  Seepage points 
located within 30' to 40' rectangular area.  Typically exhibits 
saturared ground conditions.  Seepage amounts and flow 
vary depending on prevailing weather conditions.  Seepage 
is clear water and slow flowing to no flow.  SAP Level 2.

Continued monitoring - Closure 
design currently being conducted by 
URS seep areas potentially will be 
adressed during closure

9 1998 N/A
approximately 

500' long along 
toe of dike

2

GAF Seep 2E - seepage area located at the toe of Closed 
Disposal Area on northwest side.  Monitored by TVA to 
comply with TDEC-approved closure plan.  Several 
seepage points located within strip along the dike toe for a 
length of 500 feet.  Typically exhibits saturared ground 
conditions.  Seepage amounts and flow vary depending on 
prevailing weather conditions.  Seepage is clear water and 
slow flowing to no flow.  SAP Level 2.

Continued monitoring - Closure 
design currently being conducted by 
URS seep areas potentially will be 
adressed during closure

Survey Requested

Survey Requested

10 6/22/2010 AM N/A 1
Seep Initially observed by TVA on 6/22/2010 approximately 
35 feet west of existing seep on Pond E dike. Observed to 
have clear discharge. SAP Level 1.

Continued monitoring - Closure 
design currently being conducted by 
URS seep areas potentially will be 
adressed during closure

Note: Initial Seepage Log was developed based on Stantec's understanding of known issues from Phase 1 and Phase 2 assessments and the 2010 Annual Inspection.  No field visit 
was conducted to verify current seepage areas of concern.

Survey Requested

Appendix C-2



 
 Gallatin Fossil Plant (GAF)

Seepage Log
Photos

 
Area of Concern 1 
4/13/2010 
Small (2’ x 3’) red-water seep discovered by 
Stantec in January, 2009 just above pool 
level of stilling pond and to the east of Pond 
A outlet system.  No change observed in 
appearance throughout course of this work.  
Minimal to no flow observed.  No piping.  
SAP Level 1.  

 

Area of Concern 2 
4/13/2010  
Red-water seeps approximately 400’ to 500’ 
long discovered by Stantec in January, 2009 
along toe of saddle dike at Stilling Pond C.  
No significant change observed in 
appearance throughout course of this work.  
Minimal to no flow observed.  No piping. 
SAP Level 1.  

  
 

 

Area of Concern 3 
4/13/2010 
Small red-water (5’ x 20’) seep discovered 
by TVA personnel in March, 2010 just above 
the south dike toe at Pond E.  Very small 
flow observed.  No change observed in 
appearance throughout course of this work.  
No piping.  SAP Level 1. 
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Gallatin Fossil Plant (GAF)

Seepage Log
Photos

 
Area of Concern 4 
4/13/2010 
Small (5’ x 20’) seep discovered by TVA 
personnel in March, 2010 just above west 
dike toe at Pond E.  Wet/soft ground 
observed with no flow and no piping.  No 
change observed in appearance throughout 
course of this work.  SAP Level 1. 

 

 

Area of Concern 5 
4/13/2010 
This approximately 10’ to 15’ wide by 100’ to 
200’ long possible seepage area is located 
just beyond the west Pond E dike toe area 
adjacent to the pool level of Old Hickory 
Lake.  This could be remaining wet areas 
from recent high pool events of Old Hickory 
Lake, and needs further observations with 
time to reach conclusions.  SAP Level 1. 

 

 

Area of Concern 6 
3/10/2010   
This small (1’ x 1’) possible seepage area is 
located at the northwest dike toe of Pond A.  
It was discovered in February by TVA.  It 
also had some minor flow that was noted by 
Stantec on May 3, 2010 just after the very 
heavy rain event that occurred May 1 and 2, 
2010. The dike crest in this area tends to 
pool water during rain, and this area could 
be a result of stormwater infiltration into the 
dike that is slowly exiting at the dike toe 
below.  SAP level 1.  
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Area of Concern 7 
5/3/2010 
This (2’ x 2) possible seepage area is 
located just west of Seep 3 at the south dike 
toe of Pond E.  It was discovered by Stantec 
on May 3, 2010 just after the very heavy rain 
event that occurred May 1 and 2, 2010.  The 
area exhibited very low flow. Because it was 
discovered just after the heavy rains, this 
area could be a result of stormwater 
infiltration into the dike that is slowly exiting 
at the dike toe below.  SAP Level 1 

 

 

Area of Concern 8 
1998 
GAF Seep 1A.  Seepage area at toe of 
Closed Disposal Area on southeast side.  
Being monitored quarterly by TVA to comply 
with TDEC-approved closure plan.  A few 
seepage points located within an 
approximate 30 to 40 ft. rectangular area.  
Typically exhibits saturated ground 
conditions.  Seepage amounts and flow vary 
depending on prevailing weather conditions.  
Typical seepage is clear water and slow 
flowing to no flow.  SAP Level 2.     
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Area of Concern 9 
1998 
GAF Seep 2E. Seepage area at toe of 
Closed Disposal Area on northwest side.  
Being monitored quarterly by TVA to comply 
with TDEC-approved closure plan.  Consists 
of several seepage points located within 
strip along the dike toe for a length of 
approximately 500 feet.  Seepage amount 
and flow vary depending on prevailing 
weather conditions.  Also typically exhibits 
saturated ground conditions.  Typical 
seepage is clear water and slow flowing to 
no flow.   SAP Level 2.     

 

 

Area of Concern 10 
6/22/2010 
Seep Initially observed by TVA on 6/22/2010 
approximately 35 feet west of existing seep 
on Pond E dike. Observed to have clear 
discharge. SAP Level 1. 

 
Area of Concern 10 
6/22/2010 
Seep Initially observed by TVA on 6/22/2010 
approximately 35 feet west of existing seep 
on Pond E dike. Observed to have clear 
discharge. SAP Level 1. 
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Stantec Consulting Services Inc. 
One Team. Infinite Solutions 

Stantec Consulting Services Inc.  
10509 Timberwood Circle  Suite 100 
Louisville, KY  40223-5301 
Tel:  (502) 212-5000 
Fax: (502) 212-5055 

September 22, 2011 ltr_002_175551015 

Mr. Michael S. Turnbow 
Tennessee Valley Authority 
1101 Market Street, LP 2G-C 
Chattanooga, Tennessee  37402-2801 

Re: Results of Seismic Slope Stability Analysis 
Active CCP Disposal Facilities 
Gallatin Fossil Plant 

Dear Mr. Turnbow: 

As requested, Stantec Consulting Services Inc. (Stantec) has conducted seismic slope stability 
analyses to support the U.S. Environmental Protection Agency’s assessment of TVA’s CCP 
disposal facilities.  The results for Gallatin Fossil Plant (GAF) are presented in this letter. 

1. Introduction 

The U.S. Environmental Protection Agency is undertaking a nationwide effort to assess coal 
combustion product (CCP) disposal facilities.  These assessments are now underway for facilities 
at TVA’s fossil plants.  To support TVA, Stantec has conducted seismic stability analyses for GAF’s 
active disposal facilities, which include Ash Ponds A and E. 

The seismic slope stability analyses results presented in this letter employ a pseudostatic 
approach and are representative of current conditions.  For seismic assessment in upcoming 
closure design of these facilities, TVA will undertake a comprehensive risk/consequences-based 
approach, with design and mitigation decisions being based on the likelihood and consequences of 
failure.  This approach is described in the document presented in Enclosure A.  For GAF, closure 
of Ash Pond E is currently planned for 2019 – 2020, and closures of Ash Pond A and the Stilling 
Ponds are currently planned for 2020 – 2021.  

2. Seismic Stability Analysis Approach 

Seismic slope stability has been performed for current conditions using pseudostatic stability 
methods, where the added inertial load from an earthquake is represented by a simple horizontal 
pseudostatic coefficient which provides an approximate representation of the dynamic loads 
imposed by an earthquake.  Specifics related to the analyses/approach are as follows: 

 Subsurface data was obtained from Stantec’s geotechnical report entitled Report of 
Geotechnical Exploration and Slope Stability Evaluation; Ash Pond/Stilling Pond Complex; 
Gallatin Fossil Plant; Gallatin, Tennessee; May 27, 2010. 
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 SLOPE/W software (from GEO-SLOPE International, Inc.) was used to perform the 
calculations. 

 One existing SLOPE/W cross-section model per disposal facility was selected for analysis.  
The selected sections are representative of the facility’s lowest current static (long-term) 
factor of safety, with consideration given to proper representation of a release/breach.  The 
selected SLOPE/W models were updated to reflect any significant mitigations or operational 
changes that have occurred since completion of Stantec’s geotechnical studies. 

 Undrained shear strength parameters were used. 

 Ground motion level corresponding to a return period of 500 years (or approximate 
exceedance probability of 10% in 50 years) was used for selection of horizontal seismic 
coefficients.  This return period is consistent with seismic stability analysis guidance 
provided by Tennessee’s dam safety regulations Chapter 1200-5-7, “Rules and Regulations 
Applied to the Safe Dams Act of 1973”.  The peak ground acceleration (or seismic 
coefficient) for a 500 year return period was selected from Table 17 of TVA’s March 28, 
2011 region-specific seismic hazard study performed by AMEC Geomatrix, Inc. 

 A target factor of safety (FS) of 1.0 was considered for comparing results. 

3. Results  

The results of the pseudostatic stability analyses indicate factors of safety of 1.2 for Ash Pond A 
and 1.6 for Ash Pond E, which exceed the target of 1.0.  Enclosure B contains a summary 
spreadsheet, SLOPE/W cross-sections, and plan views showing cross-section locations. 

Stantec appreciates the opportunity to provide these services.  If you have questions, or if we can 
provide additional information, please let us know. 

Sincerely, 

STANTEC CONSULTING SERVICES INC. 

Randy L. Roberts, PE 
Principal  

Enclosures 

/cdm 
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This document outlines proposed engineering analyses to estimate seismic failure 
risks at wet storage facilities for coal combustion products, following closure, at 
various TVA fossil power plants. The specific details outlined in this document are 
subject to future discussion and modification by the project team. 

 

OVERVIEW 

Tennessee Valley Authority (TVA) operates storage facilities for coal combustion products 
(CCPs) at eleven fossil power generating stations. As TVA transitions to dry systems for 
handling these materials, 18 to 25 wet storage facilities (CCP ponds, impoundments, dredge 
cells, etc.) will be closed (drained and capped). The CCP storage facilities are currently 
operated in accordance with state and federal regulations, but previously issued permits 
have not required evaluations for seismic performance. Moreover, the existing permits do not 
require seismic qualification for the storage facilities in their closed configurations.  

TVA recognizes there is a potential for strong earthquakes to occur within the region, and 
there is a tangible risk for seismic failure at each closed CCP facility. These risks, including 
both the likelihood of failure and the consequences, must be understood to effectively 
manage TVA’s portfolio of byproduct storage sites. This white paper summarizes the 
methodology that will be used to estimate these risks at the CCP storage facilities following 
closure.  

Seismicity in the TVA service area is attributed to the New Madrid fault and smaller, less 
concentrated crustal faults. These two earthquake scenarios generate significantly different 
seismic hazards at each locality and will be considered independently within the risk 
assessment. At each closed byproduct facility, potential seismic failure modes will be 
evaluated in sequence. Instability due to soil liquefaction, slope instability due to inertial 
loading, and other potential failure mechanisms will be addressed. Seismic performance will 
be evaluated for differing earthquake return periods until a limiting (lowest return period) 
event that would cause failure is obtained. The probability of seismic failure will then 
correspond to the probability of this limiting earthquake event. The assessment of risk will 
also include estimates of potential consequences, as well as costs to mitigate the risks, that 
reflects the unique setting of the individual storage facilities after closure.  

Following the same general methodology, seismic risks will be estimated in two phases. The 
near-term “Portfolio Seismic Assessment” will provide a rough estimate of seismic risks. The 
likely performance of each facility will be evaluated using simplified analyses, empirical 
methods, and the judgment of experienced engineers. The results will establish a ranking of 
the relative risks across the closure portfolio and also provide a preliminary picture of overall 
seismic risk. For the subsequent “Facility Seismic Assessments”, seismic performance will be 
judged on the basis of site-specific data and detailed engineering analyses, which will be 
completed during the closure design process for individual facilities.  
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SEISMIC RISKS 

This white paper provides an overview of the engineering methods proposed by Stantec for 
estimating seismic risks at TVA’s closed byproduct storage sites. For each facility, four 
specific questions must be answered quantitatively: 

(1) What is the approximate probability that a strong earthquake will occur? 

Several seismic source zones could produce earthquakes large enough to impact these 
TVA sites. Very large magnitude earthquakes have occurred within the New Madrid 
seismic zone, which is located along the western boundaries of Tennessee and 
Kentucky. Because of their observed large magnitude and frequency of occurrence, New 
Madrid events contribute substantially to the seismic risks at all TVA sites. Ground 
motions from a New Madrid earthquake would attenuate with distance toward the east, 
such that local area sources also contribute significantly to site-specific seismic hazards. 

Seismicity across the Tennessee Valley was previously characterized by 
AMEC/Geomatrix (2004), in a probabilistic study that focused on TVA dam sites. The 
same seismogenic model can be applied in evaluating earthquakes that would impact 
other TVA sites. Accordingly, probabilistic seismic hazards obtained from the 2004 
AMEC/Geomatrix model will be used in the seismic risk assessment of the closed CCP 
storage facilities. 

(2) Will a given earthquake cause failure in the closed facility? 

Many of the TVA byproduct storage facilities are underlain by a substantial thickness of 
loose, saturated, alluvial soils (silts and sands). Some facilities will have layers of ash or 
other uncemented CCPs that remain saturated following closure. These materials, 
especially sluiced fly ash, are prone to liquefaction in a strong earthquake, as cyclic 
motions cause a build up of pore water pressure and a consequent loss of effective 
stress and shearing resistance. Extensive liquefaction in a foundation or CCP deposit 
under a storage facility would be expected, in most cases, to result in lateral spreading 
and massive slope movements (failure). Even without liquefaction, large slope 
deformations or failures may be triggered by lateral inertial loads during an earthquake. 
Liquefaction and dynamic loading of slopes are the most likely failure mechanisms, but 
other seismic failure modes, which may be unique to a particular closed storage facility, 
must also be evaluated. 

(3) What are the potential consequences of a failure? 

In addition to understanding the probability of failure, a risk assessment should consider 
the potential consequences. A failure is likely to have economic costs associated with 
clean-up and restoration of the site. Depending on the local site conditions, failure of a 
closed CCP facility may or may not cause significant impacts on the environment, 
waterways, transportation routes, buried or overhead utilities, or other infrastructure. 
Substantial economic costs would result if power generation is interrupted. Failure 
consequences may also include the potential loss of human life at some sites. 

In this proposed seismic risk assessment, the definition of “failure” will be constrained to 
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mean the displacement of stored materials to a distance beyond the permitted boundary 
of the facility. While smaller deformations in a closed storage facility could cause 
economic damages, the resulting consequences for TVA should be manageable. Hence, 
this risk assessment will focus on potential “failures” where stored materials could move 
past the permitted boundary. 

(4) What are the approximate costs to mitigate the risks of a seismic failure? 

With an understanding of the probability and consequences of failure, the potential risks 
can be quantified and understood, possibly leading to decisions to mitigate seismic risks 
in the closure of certain facilities. Mitigation measures might include ground improvement 
to reduce liquefaction potential (stone columns, deep soil mixing, jet grouting, or other 
appropriate technology), stabilization of slopes by flattening or buttressing, enhanced 
drainage features, or some other engineered solution. The potential cost of these risk 
mitigation strategies are needed to make appropriate management decisions. 

PORTFOLIO AND FACILITY ASSESSMENTS 

Seismic evaluations will be completed for each of the CCP storage facilities that TVA has 
slated for closure; a tentative list is given in Table 1. The assessment of seismic risks will be 
accomplished in two phases:  

A. Portfolio Seismic Assessment 

In this first phase, the seismic risk assessment will be carried out using general site 
information, simplified analyses, empirical methods, and the judgment of experienced 
engineers. A team of four to five engineers will complete this evaluation for the entire 
portfolio, with assistance from the engineering teams currently working on each facility. 
After the probabilistic seismic hazards are defined, this phase of the work can be 
completed in a relatively short timeframe. 

Given the level of effort and the simplified engineering analyses to be employed, the 
seismic risk estimates from the Phase A assessment will be approximate. Rather than 
attempting to compute precise risk numbers, Phase A will focus on capturing the relative 
risks between the different closed facilities. The key to successfully meeting this objective 
will be the consistent application of the assessment process across the portfolio. 

This effort will result in a ranked list of sites that can be used to illustrate where seismic 
risks are greatest within the portfolio. The results will also provide some insight for 
understanding and communicating the magnitude of potential risks associated with 
seismic loading of the closed CCP facilities.  

As a secondary objective, the Phase A assessment team will also consider the potential 
for failure of the active storage facilities, due to an earthquake occurring prior to closure. 
The seismic risks associated with the operating facility will not be estimated, but the 
Phase A assessment process provides an opportunity to identify potential failure 
mechanisms that should be addressed in the short term. This information may suggest 
the need to re-prioritize the closure schedule. Prior to closure, many of the wet CCP 
storage facilities retain large pools of water and are thus more susceptible to uncontrolled 



Seismic Risk Assessment  
Closed CCP Storage Facilities 

Tennessee Valley Authority Fossil Plants 
 

 4 03/11/10 
v:\1755\active\175560003\geotechnical\report\white paper on seismic risks\white paper rev3\white paper - seismic risk assessment tva closure portfolio - rev3.doc Rev. 3 

releases in an earthquake. TVA has already made the decision to close these wet 
storage facilities to manage these risks, so the effort in Phase A will focus on identifying 
sites that may have unusually high seismic risks and deserve more study or higher 
priority in the closure program. 

B. Facility Seismic Assessment 

In this subsequent phase of work, more detailed engineering analyses will be carried out 
using site-specific geometry, subsurface conditions, material parameters, and results 
from static slope stability analyses. Simplified, state-of-the-practice methods of 
engineering analysis will be used; more complex analytical methods will be generally 
impractical for this risk assessment. 

This phase of the work will be accomplished for individual facilities as part of the closure 
design, after the completion of other engineering analyses. The risks will be quantified by 
the design team, with assistance from the portfolio seismic assessment team. Significant, 
detailed effort will be required to assess each closed facility.  

Compared to Phase A, the risk estimates obtained at this stage will be more reliable and 
better represent the actual risks for seismic failure. While it will be impossible to know 
how accurately the risks have been characterized at the completion of Phase B, the 
objective is to obtain results that are within perhaps ± 30% of the “actual” risk numbers. 
TVA expects to use the Phase B results to decide if the risks are acceptable, or if the 
closure design should be modified to mitigate risks for a seismic failure. 

The engineering methodology (described below) to be followed in the Phase A and B 
evaluations will not characterize all of the uncertainties with respect to seismic performance. 
The uncertainties in the soil parameters and in the liquefaction, stability, and deformation 
analyses will not be quantified and carried through the risk assessment. Consequently, the 
estimated risk numbers will be approximate, but the results will be sufficiently accurate to 
support TVA decisions regarding prioritization for closure or the need for seismic mitigation. 
At most sites, the risks are expected to be high enough or low enough that further refinement 
in the risk numbers would not change these decisions. More detailed analysis beyond Phase 
B would be unjustified in these cases.  

This assessment plan does not preclude the possibility that more detailed risk evaluations 
could be undertaken in subsequent phases of work. The Phase B results might reveal a 
subset of closed facilities with marginal risks, where a more rigorous and complete 
calculation of the risks would be needed to support a management decision. Hence, at the 
conclusion of the Phase B assessments, a “Phase C” evaluation may be needed for select 
sites and facilities, wherein uncertainties in the soil parameters and performance analyses 
would be quantified and carried through the risk assessment. 

RESULTS AND APPLICATION 

The results from the Phase A Portfolio Assessment will be presented in a table, like Table 1. 
For each facility evaluated, the estimated annual probability of failure due to a seismic event, 
the expected consequences (economic costs and potential loss of life), and the mitigation 
costs (design features to reduce risks) will be tabulated. The same parameters, but more 
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accurate numbers, will be reported from the more in-depth Phase B assessments. A 
qualitative description of the data quality (based on the number of borings, test data on key 
soil properties, etc.) will also be included, to indicate how well the site conditions were 
characterized at the time of the Phase A or B assessment.  

In both Phase A and B, the evaluation teams will prepare a discussion of significant issues 
driving the seismic risks at each site. This summary will include knowledge gaps, likely failure 
mechanisms, unique consequences, suggested approaches for risk mitigation, and other key 
information. The Phase A evaluation of a facility may point out the need for additional data to 
support later seismic analyses in Phase B; needed field or laboratory testing could then be 
accomplished and documented as part of the facility closure design effort.  

In the short term, TVA will utilize the Phase A results to better plan budgets and schedules 
for managing the closure process over the next several years. The Phase A assessment will 
also be used as an opportunity to identify operating facilities with especially high seismic 
risks. While these risks will not be quantified for conditions prior to closure, the consideration 
of potential seismic failure modes may prompt additional study and reconsideration of 
priorities. Where justified, the priorities for closure may be changed to more quickly address 
sites with higher seismic risks. 

More accurate risk estimates will be obtained from the Phase B assessments, which will be 
completed as part of the closure design process. Those results will be used, within TVA’s 
existing decision making framework, to judge if seismic mitigation is needed. For context, the 
criteria in Tables 2 and 3 represent the risk-based framework TVA uses to guide enterprise-
level decisions. This framework relies upon broad, qualitative scoring of consequences and 
risks for the organization. For managing the seismic risks at the closed CCP facilities, 
complete probabilistic calculations of risk are not needed; approximate estimates of seismic 
risk will be sufficient to support TVA decisions.  

The risks computed in Phase A and B will not be compared to a prescribed threshold or 
design risk level. Criteria for tolerable seismic risk in these closed CCP storage facilities has 
not been defined in the existing permits, in TVA policy, or in TVA design guidance. 

METHODOLOGY 

The same general methodology, outlined in ten steps below and in Figures 1 through 4, will 
be used to evaluate seismic risk in both the Phase A Portfolio Assessments and the Phase B 
Facility Assessments. While advanced engineering analyses may be required to demonstrate 
acceptable seismic performance in a design situation, simplified analyses will be used here, 
consistent with the goal of estimating the probability of failure. 

In Step 1, seismic hazard parameters will be defined for each site; the results will be used as 
inputs for both the Phase A and Phase B assessments. Then, the evaluation of a particular 
facility will begin with a review of existing site information (Step 2), followed by engineering 
analyses for seismic performance. As described in Steps 3 through 7 below, the engineering 
analyses in Phase B will be more detailed than the simplified estimates in Phase A. The 
analyses will commence with an initial selection of an earthquake return period and 
evaluation for seismic performance. Steps 3 through 7 will be repeated until the limiting 
(lowest) earthquake return period expected to cause failure is obtained. Flowcharts 
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summarizing Steps 1 through 7 in the Phase A and B seismic performance assessments are 
given in Figures 3 and 4, respectively. The earthquake event with the lowest return period 
that causes failure will then be used to compute the probability of failure in Step 8. The 
potential consequences and mitigation costs will be estimated in Steps 9 and 10. 

Step 1 – Define Seismic Input Parameters 

Seismic hazards at TVA dam sites were quantified in a 2004 study by AMEC/Geomatrix. The 
New Madrid fault zone and several area source zones contribute to the seismicity of the 
region, as represented schematically in Figure 1. The New Madrid seismic zone is 
characterized by a large linear, combined reverse/strike-slip fault. Earthquakes in the area 
source zones are more diffuse (less concentrated in clusters) and tend to occur in zones of 
weakness of large crustal extent rather than along narrow, well-defined faults. Earthquakes 
occurring within the New Madrid Seismic Zone and in area sources outside of it will be 
considered in developing seismic input parameters for each CCP facility. However, only 
seismic source zones that contribute significantly to the ground motion hazard at a particular 
site will be used to develop seismic input parameters. 

The national USGS seismic hazard model will not be used in these seismic risk 
assessments; instead, TVA will ask AMEC/Geomatrix to compute the site-specific seismic 
hazards for each closed CCP facility. The needed information can be obtained from the 
existing seismogenic model, but will need to separately consider the hazards associated with 
the New Madrid events and all other seismic sources (Figure 2), hereafter referred to in this 
white paper as the “earthquake scenarios”. The following parameters are needed for each 
earthquake scenario: 

• Uniform hazard spectra for frequencies from 0.25 to 100 Hz (100 Hz value is 
equivalent to peak ground acceleration, PGA) at the top of rock for a range of return 
periods from 100 to 2,500 years. 

• De-aggregation for relevant ground motion frequencies (one or more of the following: 
0.5, 1.0, 2.5, 5.0, and 100 Hz) at each return period. The de-aggregation results will 
be used to select appropriate, representative earthquake parameters (magnitude and 
distance from the site), from which inputs needed for liquefaction analyses can be 
developed. 

In the Phase A effort, the project team (including seismologists designated by TVA) will meet 
to consider the earthquake hazard data produced by the AMEC/Geomatrix model for each 
site. The team will reach consensus on the appropriate parameters (return period, 
earthquake magnitude, and peak ground acceleration) to be used in evaluating each facility, 
before proceeding with work on subsequent steps of the analysis. The seismic parameters to 
be tabulated (Table 4) will then be used in both the Phase A and Phase B assessments. 

Ground motion time histories will be needed for the detailed Phase B calculations, and TVA 
will need to ask AMEC/Geomatrix to provide: 

• Representative acceleration time histories (two orthogonal components), representing 
ground motions at the top of the rock profile for the specified earthquake return 
periods.  
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Given the results of the Phase A assessment, the Phase B analyses will focus on a narrower 
range of possible earthquakes. Hence, acceleration time histories will not be needed for 
every seismic event listed in Table 4. 

Step 2 – Review Site and Facility Information 

To meet the requirements for closure of TVA ash storage facilities, the closed condition may 
involve placement of compacted ash behind a strengthened dike, drainage of pond water to 
the levels of the surrounding groundwater table, and capping of the area with native soils. 
The collection of available site information for each facility will be reviewed from a seismic 
performance perspective. For the Phase B assessment, this information will be augmented 
with new data that becomes available during the closure design process.  

The project information needed for each storage facility includes: 

• Planned geometry of the closed storage facility, as needed to meet current design 
criteria and regulatory requirements. 

• Geologic mapping and related information about the site geology. 

• Historical records and other information related to site development. 

• Boring logs, SPT data, CPT data, shear wave velocities, etc. from field explorations. 

• Laboratory data from testing of site materials, including classification, Atterberg limits, 
moisture content, particle size, specific gravity, unit weight, compaction tests, and 
other relevant test data. 

• Laboratory data on measured strength properties, for both drained and undrained 
conditions.  

• Previously completed slope stability analyses, where available, will be modified for 
calculations in the risk assessments. 

Step 3 - Evaluate Potential for Soil Liquefaction 

The potential for soil liquefaction may be the greatest contributor to failure risk at many of the 
TVA storage sites. Liquefaction will thus be considered first in the assessment of seismic 
performance at each closed facility (Figures 3 and 4). 

The Phase A assessment will utilize empirical charts and back-of-the-envelope calculations 
to judge if liquefaction would be likely for a given earthquake scenario. For example, 
Ambraseys (1988) compiled magnitude, epicentral distance, and whether or not liquefaction 
was observed in past earthquakes, and then suggested a threshold boundary (in terms of 
magnitude and epicentral distance) where liquefaction might occur in natural soil deposits. 
Selected, parametric calculations with the simplified procedure outlined by Youd et al (2001) 
will also be useful in judging what earthquakes would cause liquefaction in the Phase A 
Portfolio Assessments. These empirical methods may be unconservative for evaluating 
saturated CCPs, which are often more prone to liquefaction than a sandy soil, but the results 
will still provide useful guidance in the Phase A assessment. 
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For the Phase B liquefaction evaluations, detailed engineering analyses will be undertaken to 
obtain estimates of cyclic loading, soil resistance, and factor of safety as described below. 
Potentially liquefiable soils include saturated alluvial soils, loose granular fills, and sluiced 
ash. The detailed analyses will focus on critical cross sections of the closed facilities; 
liquefaction safety factors will not be computed for all boring locations at a site. 

(a) Soil Loading from Earthquake Motions 

The magnitude of the cyclic shear stresses induced by an earthquake are represented by 
the cyclic stress ratio (CSR). The simplified method proposed by Seed and Idriss (1971) 
will be used to estimate CSR in the Phase A parametric analyses (ground response 
analyses will not be completed in Phase A).  

In Phase B, the CSR at specific locations (borings and depths where in situ penetration 
resistance are measured) will be computed using one-dimensional, equivalent-linear 
elastic methods as implemented in the ProSHAKE software. Using an acceleration time 
history at the top of rock (obtained from the seismic hazards study in Step 1), the 
computer program will model the upward propagation of the ground motions through a 
one-dimensional soil profile. For cases where the one-dimensional assumption is 
inadequate, the calculations can be accomplished using QUAKE, a two-dimensional finite 
element program that implements the same dynamic modulus reduction curves and 
damping relationships as used in ProSHAKE.  

The cyclic stresses imparted to the soil will be estimated from the earthquake parameters 
described in Step 1, representing earthquakes on the New Madrid fault and local crustal 
events. 

(b) Soil Resistance from Correlations with Penetration Resistance 

The resistance to soil liquefaction, expressed in terms of the cyclic resistance ratio 
(CRR), will be assessed using the NCEER empirical methodology (Youd et al. 2001). 
Updates to the procedure from recently published research will be used where warranted. 
The analyses will be based on the blowcount value (N) measured in the Standard 
Penetration Test (SPT) or the tip resistance (qc) measured in the Cone Penetration Test 
(CPT). In Phase A, typical or representative values will be used in parametric hand 
calculations; detailed data from site-specific explorations will be analyzed in Phase B. 

The NCEER procedure involves a large number of correction factors. Based on the site-
specific conditions and soil characteristics, engineering judgment will be used to select 
appropriate correction factors consistent with the consensus recommendations of the 
NCEER panel (Youd et al. 2001). To avoid inappropriately inflating the CRR, the NCEER 
fines content adjustment will not be applied where zero blowcounts (“weight of hammer” 
or “weight of rod”) are recorded. The magnitude scaling factor (MSF) is used in the 
empirical liquefaction procedure to normalize the representative earthquake magnitude to 
a baseline 7.5M earthquake. The earthquake magnitude (M) considered to be most 
representative of the liquefaction risk will be determined by applying the MSF to the de-
aggregation data (from Step 1) for each selected earthquake return period.  
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Saturated fly ash, where it remains following closure, is likely to be more susceptible to 
liquefaction than indicated by these empirical methods. Values of CRR determined via 
the NCEER procedure are related to the observation of liquefaction in natural soils, 
mostly silty sands. Given the spherical particle shape and uniform, small grain size of fly 
ash, the NCEER procedure may give CRR values that are too high for saturated fly ash. 

Lacking better methods of analysis, the lower-bound, “clean sand” base curve (Youd et 
al. 2001) will be assumed to apply for fly ash in the Phase A assessment. Within the 
liquefaction calculations, this will be accomplished for these materials by neglecting the 
fines content adjustment to the normalized penetration resistance. For Phase B, 
published and unpublished data from cyclic laboratory testing on similar materials will be 
sought to augment the indications of liquefaction resistance obtained from in situ 
penetration tests.  

(c) Factor of Safety Against Liquefaction 

The factor of safety against liquefaction (FSliq) is defined as the ratio of the liquefaction 
resistance (CRR) over the earthquake load (CSR). Following TVA design guidance and 
the precedent set by Seed and Harder (1990), FSliq is interpreted as follows: 

• Soil will liquefy where FSliq ≤ 1.1. 

• Expect substantial soil softening where 1.1 < FSliq ≤ 1.4. 

• Soil does not liquefy where FSliq > 1.4. 

Using this criteria for guidance, values of FSliq computed throughout a soil deposit or 
cross section (at specific CPT-qc and SPT-N locations) will be reviewed in aggregate. 
Occasional pockets of liquefied material in isolated locations are unlikely to induce a 
larger failure, and are typically considered tolerable. Instead, problems associated with 
soil liquefaction are indicated where continuous zones of significant lateral extent exhibit 
low values of FSliq. Engineering judgment, including consideration for the likely 
performance in critical areas, will be used for the overall assessment of each facility. A 
determination of “extensive” or “insignificant” liquefaction will then lead to the appropriate 
stability analyses in the next stage of the evaluation, as indicated in Figures 3 and 4.  

Step 4 – Characterize Post-Earthquake Soil Strengths 

The post-earthquake shearing resistance of each soil and CCP will be estimated, with 
consideration for the specific characteristics of that material. The full, static shear strength 
will be assigned to unsaturated soils. Excess pore pressures will not develop in an 
unsaturated soil during seismic loading, so drained strength parameters can be used. The 
undrained strengths of saturated soils will be decreased to account for the softening effects 
of pore pressure buildup during the earthquake. Specifically: 

• In saturated clays and soils with FSliq > 1.4, 80% of the static undrained strength will 
be assumed. 

• In saturated, low-plasticity, granular soils with 1.1 < FSliq ≤ 1.4, a reduced strength will 
be assigned, based on the excess pore pressure ratio, ru (Seed and Harder 1990). 
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Typical relationships between FSliq and ru have been published by Marcuson and 
Hynes (1989).  

• In saturated, low-plasticity, granular soils with FSliq ≤ 1.1, a residual (steady state) 
strength (Sus) will be estimated for the liquefied soil. Values of Sus can be obtained 
from the empirical correlations published by Seed and Harder (1990), Castro (1995), 
Olson and Stark (2002), Seed et al. (2003), and Idriss and Boulanger (2008). 

Subsequent stability and deformation analyses will be accomplished using these reduced 
strength parameters. No attempt will be made to model the cyclic reduction in soil shear 
strength during an earthquake. In the deformation analyses, the fully reduced strengths will 
be assumed at the start of cyclic loading, which will yield conservative estimates of slope 
displacements. 

Step 5 – Analyze Slope Stability 

The next step in the performance evaluation (Figures 3 and 4) will consider slope stability, for 
conditions with or without significant liquefaction. Slope stability will be evaluated using two-
dimensional, limit equilibrium, slope stability methods. Reduced soil strengths (from Step 4), 
conservatively representing the loss of shearing resistance due to cyclic pore pressure 
generation during the earthquake, will be used in the stability calculations. The analyses will 
be accomplished using Spencer’s method of analysis, as implemented in the SLOPE/W 
software, considering both circular and translational slip mechanisms.  

Input files for static stability calculations, where previously completed for a particular facility, 
will be updated to represent seismic conditions. These stability analyses may be not 
available, or the closure geometry may be undefined, for the Phase A assessment of some 
sites. In those cases, simplified or approximate geometries will be developed for approximate 
analysis in Phase A. Engineering experience will also be useful in judging likely seismic 
stability. For example, a complete failure is likely if liquefaction undermines the foundation of 
the outslope. In the absence of liquefaction, a slope that exhibits adequate safety factors 
under static conditions is unlikely to fail in an earthquake. Back-of-the-envelope hand 
calculations can be useful in assessing stability where extensive liquefaction occurs in the 
saturated materials within or below CCPs retained by a stable perimeter dike. Detailed slope 
stability calculations, which accurately represent the planned closure geometry, will be used 
in the Phase B facility assessments. 

(a) Slope Stability if Extensive Liquefaction 

If extensive liquefaction is indicated, stability will be evaluated for the static conditions 
immediately following the cessation of the earthquake motions. Residual or steady state 
strengths will be assigned in zones of liquefied soil, with reduced strengths that account 
for cyclic softening and pore pressure build up assumed in non-liquefied soil. In both 
Phase A and B, complete failure (large, unacceptable displacements) will be assumed if 
the safety factor (FSslope) computed in this step is less than one (Figures 3 and 4).  

For slopes where the post-earthquake FSslope ≥ 1, deformations will be estimated in the 
Phase B assessment (Step 6 and Figure 4). Slope deformations will not be estimated in 
the Phase A portfolio assessment, where ground motion time histories will not be 
available. In Phase A, slopes exhibiting FSslope ≥ 1 with liquefaction will be assumed 
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stable with tolerable deformations; this condition may exist, for example, where liquefied 
ash at the base of a closed storage facility is contained within a stable perimeter dike.  

Note that pseudostatic stability analyses are not useful for evaluating a factor of safety 
where extensive liquefaction is expected, because appropriate pseudostatic coefficients 
can not be defined. 

(b) Slope Stability if No Significant Liquefaction 

If no significant liquefaction is expected, seismic stability will be analyzed in Phase A 
using approximate, pseudostatic stability methods (Figure 3). The added inertial loads 
from the earthquake will be represented with a simple, horizontal pseudostatic coefficient 
(kh), which provides an approximate representation of the dynamic loads imposed by an 
earthquake. The horizontal pseudostatic coefficient will be set to one-tenth of the peak 
ground acceleration in rock (kh = 0.1·PGArock). In Phase A, tolerable deformations (less 
than about 5 meters) will be assumed if the pseudostatic FSslope ≥ 1, and failure will be 
assumed if the pseudostatic FSslope < 1.  

This approach and criteria are based on the work of Hynes-Griffin and Franklin (1984). 
They performed Newmark deformation analyses, integrated over 350 ground motion time 
histories, used an amplification factor of three to represent peak accelerations at the base 
of an earth embankment, and assumed a displacement of 1 meter would be tolerable for 
an embankment dam. For a typical CCP facility, assuming no pool is retained following 
closure, “failure” would imply displacements significantly greater than 1 meter. A tolerable 
displacement of about 5 meters will be assumed here, for the Phase A risk assessments. 
From the upper bound curve plotted by Hynes-Griffin and Franklin (1984), a displacement 
of 5 meters would correspond to a yield acceleration of about 0.03 times the peak 
acceleration along the slip surface. Then, assuming an amplification factor of 3 for the 
ground motions at the base of the embankment, this suggests kh = 0.1·PGArock can be 
used conservatively in the pseudostatic analysis to judge failure, as described above. 

Pseudostatic factors of safety will not be computed in the Phase B assessment. Instead, 
where a liquefaction failure is not predicted, potential slope displacements will be 
computed as described in Step 6. 

Step 6 – Predict Deformations 

In the Phase A Portfolio Assessment, closed facilities that are expected to remain stable 
(pseudostatic FSslope ≥ 1 with no liquefaction, or post-earthquake FSslope ≥ 1 with liquefaction) 
will be assumed to have tolerable displacements. Dynamic slope deformations are difficult to 
estimate without detailed analysis; the available empirical or approximate methods do not 
represent the conditions of interest, or the level of effort is not consistent with the goals of the 
first phase of risk assessments. In addition, earthquake ground motion time histories will not 
be available for the Phase A analyses. 

In the Phase B Facility Assessments, the potential deformation of stable slopes will be 
evaluated as indicated in Figure 4. Conventional methods of analysis will be implemented to 
estimate potential slope displacements that accumulate during earthquake shaking; 
movements are assumed to stop when the earthquake ends, consistent with a post-
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earthquake safety factor greater than one. The acceleration time histories obtained from the 
ground response analyses in Step 3a will be used as inputs for computing deformations with 
one of the following simplified methods: 

• Newmark’s (1965) method involves double integration of accelerations greater than 
the yield acceleration (ky), which will be determined from a succession of pseudostatic 
slope stability analyses in which kh is varied. The value of kh where the pseudostatic 
FSslope = 1.0 corresponds to the yield acceleration. 

• The Makdisi-Seed (1978, 1979) procedure, which better accounts for the dynamic 
response of embankments. This procedure was developed based on parametric 
numerical simulations for earthen dams. The procedure is iterative, considers the 
fundamental periods of the embankment response, and can be completed in steps 
using published charts. Results from QUAKE can also be used as input in this 
procedure.  

The slope deformations predicted in Phase B will be conservative, because the yield 
acceleration will be computed based on reduced, post-earthquake soil strengths. In reality, 
the yield acceleration declines in successive cycles of seismic loading, as pore pressures 
accumulate and saturated soils become weaker. The analysis outlined in Figure 4 assumes 
reduced strengths and, where liquefaction is predicted, residual strengths at the start of the 
earthquake. Detailed numerical simulations can be used to track the progressive softening 
and liquefaction of soil within an embankment during an earthquake; such analyses are 
expensive and time consuming. Rigorous analyses of this type will not be justified except in a 
“Phase C” analysis, or where performance in a given seismic design event must be 
demonstrated. Note that the logic in Figure 4 might appear to assume a slope will be stable if 
there is no significant liquefaction; however, the deformation analysis will indicate unlimited 
deformations and certain failure if FSslope < 1 for static, post-earthquake conditions.  

Step 7 – Consider Other Potential Failure Modes  

For most of the closed facilities, soil liquefaction, slope instability, and slope deformations will 
be the most likely seismic failure modes. However, depending on the unique configuration of 
each CCP facility, other potential failure modes may contribute significantly to the seismic 
risks. For example, the loss of critical drainage structures or retaining walls could lead to a 
failure condition. Other potential failure modes will be identified and evaluated quantitatively 
in this step. 

As a secondary objective of the Phase A effort, the assessment team will consider the 
potential for failure of the active storage facilities, due to an earthquake occurring prior to 
closure. Many of the wet CCP storage facilities retain large pools of water, so this 
assessment will need to consider additional failure modes such as seepage and 
embankment cracking. The objective here will be to identify operating facilities that may have 
unusually high seismic risks, and might deserve more study or higher priority in the closure 
program. 
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Step 8 – Estimate Annual Probability of Seismic Failure 

As indicated in the flowcharts in Figures 3 and 4, the assessments of seismic performance 
(in both the Phase A and Phase B efforts) will consider a range of potential earthquakes with 
differing return periods. The analyses will be repeated until the limiting (lowest) earthquake 
return period (from the candidate events defined in Step 1) that predicts failure of a particular 
CCP storage facility is obtained. Interpolation may be used, as appropriate, to narrow the 
definition of the limiting earthquake. 

The return period for each earthquake scenario (Table 4) represents the annual probability of 
exceedance for the associated ground motion parameter. Hence, for each earthquake 
scenario, the event with the smallest return period that causes failure represents a limiting 
case, where all events having longer return periods would also cause failure. The inverse of 
the limiting return period thus represents the annual probability of seismic failure due to that 
earthquake scenario. 

Step 9 – Estimate Potential Consequences of Failure 

The potential consequences of a failure at each closed facility will be estimated in this step. 
The potential consequences will be unique to each site, but may include any of the following: 

• restoration of the site and storage facility,  

• clean-up to address environmental impacts, 

• off-site disposal of released materials, 

• damages and loss of use for transportation routes, including buried or overhead 
utilities, 

• damages to buildings and other infrastructure, 

• economic losses from the possible shutdown of power generation, and  

• loss of human life (expected to be unlikely at most sites following closure). 

Except for the potential loss of life, the failure consequences will be expressed in terms of 
present day costs. Detailed cost estimates of the potential consequences of failure will not be 
attempted in the Phase A assessments; instead, the potential magnitude of total 
consequence costs will be estimated using broad categories (< $100K, < $500K, < $1M, < 
$5M, < $10M, < $50M, < $100M). Cost estimates that better reflect the local site conditions 
will be produced by the closure design teams during the Phase B assessments. 

Step 10 – Estimate Possible Mitigation Costs 

The final step in the process will involve estimating the costs to mitigate seismic risks, 
perhaps by altering the closure design to withstand stronger earthquakes. Examples of 
possible mitigation measures include: 

• ground improvements to reduce liquefaction potential (stone columns, deep soil 
mixing, jet grouting, or other appropriate technology), 

• altering the geometry of outslopes (setbacks, benches, or flatter slopes) to improve 
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stability, 

• adding buttresses or other supporting structures at the toe of slopes, 

• enhanced drainage features, and  

• relocation of infrastructure or people away from potential impact zones. 

These mitigation approaches generally involve higher construction costs, which can be 
quantified in terms of present dollars. As with the consequence costs, detailed estimates of 
mitigation costs will not be attempted in the Phase A assessments. The potential magnitude 
of mitigation will be estimated in categories (< $100K, < $500K, < $1M, < $5M, < $10M, < 
$50M, < $100M). Mitigation cost estimates that better reflect the local conditions and facility 
layout will be developed by the closure design teams during the Phase B assessments. 
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Table 1. Expected Results from the Phase A and B Seismic Risk Assessments 

TVA Facility Prob. 
Failure 

Econ. 
Costs 

Loss of 
Life 

Mitigat. 
Costs 

Data 
Quality 

ALF  East Ash Disposal      
ALF  East Stilling Pond      
BRF  Dry Fly Ash Disposal       
BRF  Fly Ash Pond And 

Stilling Basin Area 2      
BRF  Bottom Ash Disposal 

Area 1      
BRF  Gypsum Disposal 
 Area 2a      

COF  Disposal Area 5      
COF  Ash Pond 4      
CUF  Dry Ash Stack       
CUF  Ash Pond       
CUF  Gypsum Storage Area      
GAF  Fly Ash Pond E      
GAF  Bottom Ash Pond A      
GAF  Stilling Pond B, C & D       
JSF  Dry Fly Ash Stack       
JSF  Bottom Ash Disposal 

Area 2       

JOF  Ash Disposal Area 2      
KIF  Dike C      
PAF  Scrubber Sludge 

Complex       

PAF  Peabody Ash Pond       
PAF  Slag Areas 2a & 2b       
SHF  Consolidated Waste Dry 

Stack       

SHF  Ash Pond      
WCF  Ash Pond Complex      
WCF  Gypsum Stack      
 Prob Failure = Annual probability of failure due to earthquakes 
 Econ. Costs =  Economic costs resulting from a failure 
 Loss of Life =  Potential loss of life resulting from a failure 
 Mitigat. Costs =  Costs to mitigate seismic risks in closure design 
 Data Quality =  Qualitative indication of how well conditions in the facility are characterized  
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Table 2. Risk Severity Scoring (Draft) used by TVA 
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Table 3. Risk Likelihood Scoring used by TVA 

Score Rating Description

5 Virtually Certain 95% probability that the event will occur in the next 3 years /10 years

4 Very Likely 75% probability that the event will occur in the next 3 years/10 years

3 Even Odds 50% probability that the event will occur in the next 3 years/10 years

2 Unlikely 25% probability that the event will occur in the next 3 years/10 years

1 Remote 5% probability that the event will occur in the next 3 years/10 years

TVA Risk Event Probability Rating Scale

Score Rating Description

5 Virtually Certain 95% probability that the event will occur in the next 3 years /10 years

4 Very Likely 75% probability that the event will occur in the next 3 years/10 years

3 Even Odds 50% probability that the event will occur in the next 3 years/10 years

2 Unlikely 25% probability that the event will occur in the next 3 years/10 years

1 Remote 5% probability that the event will occur in the next 3 years/10 years

TVA Risk Event Probability Rating Scale

 
• The 3-year timeframe will be the primary focus for the business unit risk maps  
• The 10-year risks will be collected by the ERM organization and charted separately for the 

enterprise 
 
 

Table 4. Seismic Hazard Input Data for Probabilistic Assessment of TVA Facilities 

Seismic 
Sources 

Return 
Period 
(years) 

Annual 
Probability of 
Exceedance 

Peak Ground 
Acceleration 

(g) 
Earthquake 
Magnitude 

2,500 0.0004 
1,000 0.001 

500 0.002 
250 0.004 

New Madrid 
Seismic Zone 

100 0.01 
2,500 0.0004 
1,000 0.001 

500 0.002 
250 0.004 

All Other 
Seismic 
Sources 

100 0.01 

Values to be 
determined from 

the seismic 
hazard curves 

Values to be 
determined from 
the hazard de-

aggregation 
data* 

* Representative magnitude corresponding to the maximum contribution to the seismic hazard 
for liquefaction, as determined from the de-aggregation data weighted by the magnitude 
scaling factor (maximum PGA / MSF) 
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Other Seismic 
Source Zones

 

 

TVA Facility 
Selected for Risk 

Assessment

New Madrid 
Seismic Zone

Figure 1. Schematic Representation of Seismic 
Source Model for TVA Facilities

Note: Schematic representation only, locations not accurately 
depicted, some sources omitted.
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Enclosure B 

Pseudostatic Analysis 
Results 

 



Name Type
Section 
Analyzed

Section Location
PGA (g) 
for COF

Factor of 
Safety

Ash Pond A Impoundment K

Represents bottom 
ash divider dike 

between Pond A and 
stilling ponds along 

north side.

1.2

2009 as‐found conditions produced acceptable static long‐
term factor of safety for global conditions.  No mitigation 
efforts needed.  However, pool level was raised 1 foot since 
2009.  Section K represents current conditions.  Future 
mitigation will be undertaken to address non‐global 
stability.

Ash Pond E Impoundment B Southwest corner. 1.6
2009 as‐found conditions produced acceptable static long‐
term factor of safety.  No mitigation efforts needed.  Section 
B represents current conditions.

Notes:
1)
2)
3)
4) Liquefaction was not considered in this analysis.

Stability models reflect current ground lines and conditions.

0.045

Cross‐Section Information
Mitigation and Improvement Activities Since January 2009 

As‐Found Conditions

500 yr Return

Refer to layout plan for locations of cross‐sections.

Gallatin Fossil Plant ‐ Pseudostatic Stability Analysis Summary 

CCP Disposal Facility

Acceleration are from March 28, 2011 TVA region‐specific sesismic hazard study performed by AMEC Geomatrix, Inc. (total hazard).



Stilling Pond EL457

Ash Pond EL470

Pseudostatic Slope Stability Analysis
CCP Storage Facilities - Existing Conditions
Tennessee Valley Authority Fossil Plants

Section K - Ash Pond A
Gallatin Fossil Plant
Gallatin, Tennessee

Date of Assessment - 09/09/2011

Note:

The results of analysis shown here are based on available subsurface information, 

laboratory test results and approximate soil properties. No warranties can be made 

regarding the continuity of subsurface conditions between the borings.

Project No. 175551015

Pond A Initial Bottom

Ash Divider Dike

Pond A Raised 

Bottom Ash Dike

Sluiced Ash

Native Clay

Silted Material

Material Type

Pond A Initial Bottom Ash Divider Dike

Pond A Raised Bottom Ash Dike

Sluiced Ash

Native Clay

Silted Material

Bedrock

Unit Weight

105 pcf

105 pcf

85 pcf

125 pcf

85 pcf

Cohesion

0 psf

0 psf

400 psf

550 psf

400 psf

Friction Angle

33 °

34 °

10 °

13 °

10 °

Horizontal Seismic Coefficient Kh = 0.045 g

          500-year Return Period Event

Factor of Safety:  1.17
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Pond E Clay Dike
Bottom Ash Fill

Sluiced Ash

Limestone

Native Clay

Natural Material

Date of Assessment - 09/09/2011
Project No. 175551015

Note:

The results of analysis shown here are based on available subsurface information, 

laboratory test results and approximate soil properties. No warranties can be made 

regarding the continuity of subsurface conditions between the borings.

Ash Pond El 466

S
T
N
-E
-4

S
T
N
-E
-5

Pseudostatic Slope Stability Analysis
CCP Storage Facilities - Existing Conditions
Tennessee Valley Authority Fossil Plants

Section B - Ash Pond E
Gallatin Fossil Plant
Gallatin, Tennessee

S
T
N
-E
-6

    Cumberland River

(Old Hickory Reservoir)

            EL 445

Friction Angle

15 °

34 °

10 °

13 °

Cohesion

400 psf

0 psf

400 psf

550 psf

Unit Weight

125 pcf

100 pcf

85 pcf

125 pcf

Material Type

Pond E Clay Dike

Bottom Ash Fill

Sluiced Ash

Native Clay

Horizontal Seismic Coefficient Kh = 0.045 g

            500-year Return Period Event

Factor of Safety:  1.59
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Seismic Slope Stability Analysis, Stantec, 
February 15, 2012   



 
 

Stantec Consulting Services Inc. 
One Team. Infinite Solutions 

Stantec Consulting Services Inc.  
10509 Timberwood Circle  Suite 100 
Louisville, KY  40223-5301 
Tel:  (502) 212-5000 
Fax: (502) 212-5055 

February 15, 2012 ltr_002_175551015 

Mr. Michael S. Turnbow 
Tennessee Valley Authority 
1101 Market Street, LP 2G-C 
Chattanooga, Tennessee  37402-2801 

Re: Results of Pseudostatic Slope Stability Analysis 
Active CCP Disposal Facilities 
BRF, COF, GAF, JSF, JOF, KIF, PAF, and WCF 
 

Dear Mr. Turnbow: 

As requested, Stantec Consulting Services Inc. (Stantec) has conducted pseudostatic slope 
stability analyses for ground motion levels corresponding to a return period of 2,500 years to 
support the U.S. Environmental Protection Agency’s assessment of TVA’s CCP disposal facilities.  
The results for Bull Run (BFR), Colbert (COF), Gallatin (GAF), John Sevier (JSF), Johnsonville 
(JOF), Kingston (KIF), Paradise (PAF), and Widows Creek (WCF)  are provided in this letter. 

Approach 

The analyses were performed for current conditions using pseudostatic stability methods, where 
the added inertial load from an earthquake is assumed to be represented by a simple horizontal 
pseudostatic coefficient.  Specifics related to the analyses/approach are as follows:   

• Subsurface data was obtained from the Stantec’s recent geotechnical studies performed in 
2009 and 2010 time frame. 

• SLOPE/W software (from GEO-SLOPE International, Inc.) was used to perform the 
calculations. 

• One existing SLOPE/W cross-section model per disposal facility was selected from the 
previous studies for analysis. For simplicity and conservatism, the selected sections 
represent the facility’s lowest current static (long-term) factor of safety.  The SLOPE/W 
models were updated to reflect any significant mitigations or operational changes that have 
occurred since completion of Stantec’s geotechnical studies. 

• Undrained shear strength parameters were used. 

• Ground motion levels corresponding to a return period of 2,500 years (or approximate 
exceedance probability of 2% in 50 years) was used for selection of a horizontal seismic 
coefficient.  For simplicity, the horizontal seismic coefficient was selected to equal the total 
hazard peak ground acceleration (rock) for 2,500 year return periods as shown in plant-



Tennessee Valley Authority 
February 15, 2012  
Page 2 

specific tables (Tables 13 through 23) of TVA’s March 28, 2011 region-specific seismic 
hazard study performed by AMEC Geomatrix, Inc. 

• A target factor of safety (FS) of 1.0 was considered for comparing results. 

Results  

The results of the pseudostatic stability analyses are enclosed (summary spreadsheet, SLOPE/W 
cross-sections, and plan views showing cross-section locations).  The results indicate factors of 
safety greater than or equal to the target of 1.0. 

Stantec appreciates the opportunity to provide these services.  If you have questions, or if we can 
provide additional information, please let us know. 

Sincerely, 

STANTEC CONSULTING SERVICES INC. 

Randy L. Roberts, PE 
Principal  

Enclosures 

/cdm 

 



Name Type PGA (g) Factor of Safety

Gypsum Disposal Area 2A Wet Stack I 1.0

Fly Ash Disposal Area 2 Impoundment S 1.4

Bottom Ash Disposal Area 1 Stack D 1.1

Disposal Area 5 Stack Stack I 1.0

Disposal Area 5 Stilling Basin Impoundment J 1.2

Ash Pond 4 Impoundment D 1.0

Ash Pond A Impoundment K 1.0

Ash Pond E Impoundment B 1.3

JSF Bottom Ash Pond Impoundment I 0.115 2.2

JOF Ash Disposal Area 2 Impoundment K 0.254 1.0

KIF Stilling Pond Impoundment 132+37 0.115 1.0

Slag Ponds 2A and 2B Impoundment Typical 1.1

Scrubber Sludge Complex Impoundment G 1.0

Peabody Ash Pond Impoundment A 1.0

Gypsum Stack Wet Stack F 1.5

Dredge Cell (Old Scrubber Sludge Pond) Impoundment D 1.1

Main Ash Pond Impoundment J 1.4

COF 0.138

Pseudostatic Stability Analysis Summary - TVA Active CCP Disposal Facilities

Plant

CCP Disposal Facility

Cross-Section 

BRF 0.131

BRF, COF, GAF, JSF, JOF, KIF, PAF, WCF

2,500 yr Return

WCF 0.1

PAF

GAF 0.108

0.157

cdixon
Arrow

cdixon
Line



Gallatin Fossil Plant 
(GAF) 

  



Stilling Pond EL457

Ash Pond EL470

Pseudostatic Slope Stability Analysis
CCP Storage Facilities - Existing Conditions

Tennessee Valley Authority Fossil Plants

Section K - Ash Pond A
Gallatin Fossil Plant

Gallatin, Tennessee

Date of Assessment - 11/4/2011

Note:

The results of analysis shown here are based on available subsurface information, 

laboratory test results and approximate soil properties. No warranties can be made 

regarding the continuity of subsurface conditions between the borings.

Project No. 175551015

Pond A Initial Bottom

Ash Divider Dike

Pond A Raised 

Bottom Ash Dike

Sluiced Ash

Native Clay

Silted Material

Material Type

Pond A Initial Bottom Ash Divider Dike

Pond A Raised Bottom Ash Dike

Sluiced Ash

Native Clay

Silted Material

Bedrock

Unit Weight

105 pcf

105 pcf

85 pcf

125 pcf

85 pcf

Cohesion

0 psf

0 psf

400 psf

550 psf

400 psf

Friction Angle

33 °

34 °

10 °

13 °

10 °

Horizontal Seismic Coefficient Kh = 0.108 g

         2500-year Return Period Event

Factor of Safety:  1.0
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Pond E Clay Dike
Bottom Ash Fill

Sluiced Ash

Limestone

Native Clay

Natural Material

Date of Assessment � 11/4/2011
Project No. 175551015

Note:

The results of analysis shown here are based on available subsurface information, 

laboratory test results and approximate soil properties. No warranties can be made 

regarding the continuity of subsurface conditions between the borings.

Ash Pond El 466

S
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�4

S
T

N
�E

�5

Pseudostatic Slope Stability Analysis
CCP Storage Facilities � Existing Conditions
Tennessee Valley Authority Fossil Plants

Section B � Ash Pond E
Gallatin Fossil Plant
Gallatin, Tennessee

S
T

N
�E

�6

    Cumberland River

(Old Hickory Reservoir)

            EL 445

Friction Angle

15 °

34 °

10 °

13 °

Cohesion

400 psf

0 psf

400 psf

550 psf

Unit Weight

125 pcf

100 pcf

85 pcf

125 pcf

Material Type

Pond E Clay Dike

Bottom Ash Fill

Sluiced Ash

Native Clay

Horizontal Seismic Coefficient Kh = 0.108 g

           2500�year Return Period Event

Factor of Safety:  1.3

Distance
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Material Type

Lean Clay with Sand

Hydraulically Placed Ash

Clayey Sand

Silty Clay

Unit Weight

139 pcf

107 pcf

133 pcf

129 pcf

Cohesion

0 psf

100 psf

120 psf

120 psf

Friction Angle

25 °

18.4 °

21 °

20 °

Factor of Safety: 1.0
Horizontal Seismic Coefficient Kh = 0.157 g

          2500 year Return Period Event

Note:

The results of analysis shown here are based on available subsurface information,

laboratory test results and approximate soil properties. No warranties can be made

regarding the continuity of subsurface conditions between the borings.

Pseudostatic Slope Stability Analysis
CCP Storage Facilities � Existing Conditions

Tennessee Valley Authority Fossil Plants
 
Section A � Peabody Ash Pond
Paradise Fossil Plant
Drakesboro, Kentucky

Small Lagoon Water Elevation =  399  feet

Peabody Pond Water Elevation =  403.6  feet

Date of Assessment 8 11/4/2011
Project No. 175551015
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Slope Stability Evaluation, Stantec, 
March 27, 2010 
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NPDES Permit 
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Hydrologic & Hydraulic Analysis, Stantec 
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CCR Generation and Handling Questions 
  



CCR Generation and Handling Questions: Gallatin

1. Does the utility have drawings showing the CCR 
generation/handling/storage train for:
     a. Fly Ash Yes
     b. Bottom Ash Yes
     c. Boiler Slag Yes
     d. FGD wastes N/A
2. What specific equipment is used to collect, handle, and 
store CCR material? For:
     a. Fly Ash Air Heater Hoppers, Economizer Hoppers, Precipitator 

Hoppers, Hydroveyors, Air separator tank,piping, ash pond

     b. Bottom Ash Bottom Ash Hoppers, jet pumps, piping, bottom ash pond

     c. Boiler Slag N/A
     d. FGD wastes N/A
3. Is there design information on the handling and transport 
equipment?

Yes

     a. Example:size and length of pipe for sluicing the CCR Yes

     b.  Is equipment within a secondary containment or just 
sitting on the ground?

Air Heater Hoppers, Economizer Hoppers, Precipitator 
Hoppers are inside a building.  Hydroveyors, Air separator 
tank,piping and ash pond are outside.

     c. Volume of storage silo 1200 Tons
4. What equipment is outside versus enclosed? Air Heater Hoppers, Economizer Hoppers, Precipitator 

Hoppers are inside a building.  Hydroveyors, Air separator 
tank,piping and ash pond are outside.

5. Has there ever been a release of CCR to the environment 
from the collection/handling/disposal system?

Yes, small flyash line leak and overflow of ash separator tank

6. How much CCR per hour are they handling in each system,
actual and design?
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GAF – Pond A Spillway Replacement 
Schedule 

  



Activity ID Activity Name Original
Duration

Start Finish Actual Start Actual Finish

602601- URS  GAF - Pond A Spillway602601- URS  GAF - Pond A Spillway602601- URS  GAF - Pond A Spillway602601- URS  GAF - Pond A Spillway602601- URS  GAF - Pond A Spillway602601- URS  GAF - Pond A Spillway602601- URS  GAF - Pond A Spillway
602601- URS.01  STUDY AND PR602601- URS.01  STUDY AND PRELIMINARY ENGINEERING602601- URS.01  STUDY AND PRELIMINARY ENGINEERING602601- URS.01  STUDY AND PRELIMINARY ENGINEERING602601- URS.01  STUDY AND PRELIMINARY ENGINEERING602601- URS.01  STUDY AND PRELIMINARY ENGINEERING602601- URS.01  STUDY AND PRELIMINARY ENGINEERING

602601- URS.01.01.03.02  URS602601- URS.01.01.03.02  URS PH 1602601- URS.01.01.03.02  URS PH 1602601- URS.01.01.03.02  URS PH 1602601- URS.01.01.03.02  URS PH 1602601- URS.01.01.03.02  URS PH 1602601- URS.01.01.03.02  URS PH 1
602601- URS.01.01.03.02.1 602601- URS.01.01.03.02.1  Task 0 - Project Scope Development602601- URS.01.01.03.02.1  Task 0 - Project Scope Development602601- URS.01.01.03.02.1  Task 0 - Project Scope Development602601- URS.01.01.03.02.1  Task 0 - Project Scope Development602601- URS.01.01.03.02.1  Task 0 - Project Scope Development602601- URS.01.01.03.02.1  Task 0 - Project Scope Development

URS-00100 Request for Proposal Received 0.0d 09/26/11 A 09/26/11
URS-00110 Proposal/Scope Development 15.0d 09/26/11 A 10/14/11 A 09/26/11 10/14/11
URS-00120 Proposal/Scope Submittal - Rev A 1.0d 10/14/11 A 10/14/11 A 10/14/11 10/14/11
TVA-00100 TVA Proposal Review 1.0d 10/17/11 A 12/29/11 A 10/17/11 12/29/11
TVA-00110 PAB Approval 15.0d 01/10/12 A 01/10/12 A 01/10/12 01/10/12
TVA-00120 TVA Purchase Order Preparation 7.0d 01/11/12 A 01/13/12 A 01/11/12 01/13/12
TVA-00130 TVA Award P.O. to Engineering Partner 0.0d 01/13/12 A 01/13/12

602601- URS.01.01.03.02.2 602601- URS.01.01.03.02.2  Conceptual Design and Project Planning Document D602601- URS.01.01.03.02.2  Conceptual Design and Project Planning Document Development602601- URS.01.01.03.02.2  Conceptual Design and Project Planning Document Development602601- URS.01.01.03.02.2  Conceptual Design and Project Planning Document Development602601- URS.01.01.03.02.2  Conceptual Design and Project Planning Document Development602601- URS.01.01.03.02.2  Conceptual Design and Project Planning Document Development
URS-00410 Project Set-up/Kick-Off 10.0d 01/17/12 A 01/30/12 A 01/17/12 01/30/12
TVA-00972 TVA Surveying to Support H&H Analysis 10.0d 03/26/12 A 04/16/12 03/26/12
URS-00140 H&H, Dam Break, and Non-Newtonian Flow Anal... 20.0d 04/16/12 05/11/12
URS-00430 Project Scoping/Schedule Scrub Meeting 5.0d 05/14/12 05/18/12
URS-00200 PPD Rev. A Preparation (URS) 10.0d 05/21/12 06/04/12
URS-00210 PPD Rev. A Submittal to TVA 0.0d 06/05/12
TVA-00140 Review Rev. A PPD(TVA) 10.0d 06/05/12 06/18/12
URS-00230 PPD Rev. B Preparation 5.0d 06/19/12 06/25/12
TVA-00240 Finalize/Sign PPD 10.0d 07/25/12 08/07/12
TVA-00250 Ph 2 PAB Approval 20.0d 08/13/12 09/10/12

602601- URS.02  DETAILED ENG602601- URS.02  DETAILED ENGINEERING602601- URS.02  DETAILED ENGINEERING602601- URS.02  DETAILED ENGINEERING602601- URS.02  DETAILED ENGINEERING602601- URS.02  DETAILED ENGINEERING602601- URS.02  DETAILED ENGINEERING
602601- URS.02.01.03.02  URS602601- URS.02.01.03.02  URS PH 2602601- URS.02.01.03.02  URS PH 2602601- URS.02.01.03.02  URS PH 2602601- URS.02.01.03.02  URS PH 2602601- URS.02.01.03.02  URS PH 2602601- URS.02.01.03.02  URS PH 2

602601- URS.02.01.03.02.1 602601- URS.02.01.03.02.1  Engineering Design and Bid Document Preparation602601- URS.02.01.03.02.1  Engineering Design and Bid Document Preparation602601- URS.02.01.03.02.1  Engineering Design and Bid Document Preparation602601- URS.02.01.03.02.1  Engineering Design and Bid Document Preparation602601- URS.02.01.03.02.1  Engineering Design and Bid Document Preparation602601- URS.02.01.03.02.1  Engineering Design and Bid Document Preparation
URS-00260 Revise Phase 2 Spillway Replacement Proposal 15.0d 06/05/12 06/25/12
URS-00270 Preparation of Construction Documents-Spillway ... 20.0d 09/25/12 10/23/12
TVA-00150 TVA 50% Design Constructability Review 10.0d 10/24/12 11/06/12
URS-00290 Design Coordination Meeting #1 5.0d 11/07/12 11/14/12
URS-00350 Revise QA/QC Plan for Additional Spillway Eleme... 10.0d 11/07/12 11/21/12
URS-00300 Preparation of Construction Documents-Spillway ... 20.0d 11/15/12 12/13/12
TVA-00160 TVA 90% Design / Constructability Review 10.0d 12/14/12 12/28/12
URS-00310 Design Coordination Meeting #2 5.0d 12/31/12 01/07/13
TVA-00962 Revise PPD (If Scope Change from Ph 1 Docum... 15.0d 12/31/12 01/22/13
URS-00340 Final Spillway Construction Document Preparatio... 10.0d 01/08/13 01/22/13
TVA-00952 PAB Approval/NTP 20.0d 03/07/13 04/03/13

602601- URS.03  IMPLEMENTAT602601- URS.03  IMPLEMENTATION602601- URS.03  IMPLEMENTATION602601- URS.03  IMPLEMENTATION602601- URS.03  IMPLEMENTATION602601- URS.03  IMPLEMENTATION602601- URS.03  IMPLEMENTATION
602601- URS.03.01.03.02  URS602601- URS.03.01.03.02  URS PH 3602601- URS.03.01.03.02  URS PH 3602601- URS.03.01.03.02  URS PH 3602601- URS.03.01.03.02  URS PH 3602601- URS.03.01.03.02  URS PH 3602601- URS.03.01.03.02  URS PH 3

602601- URS.03.01.03.02.1 602601- URS.03.01.03.02.1  Project Implementation/Construction Support Services602601- URS.03.01.03.02.1  Project Implementation/Construction Support Services602601- URS.03.01.03.02.1  Project Implementation/Construction Support Services602601- URS.03.01.03.02.1  Project Implementation/Construction Support Services602601- URS.03.01.03.02.1  Project Implementation/Construction Support Services602601- URS.03.01.03.02.1  Project Implementation/Construction Support Services
TVA-00180 Revise Phase 3 Spillway Proposal 15.0d 12/31/12 01/22/13
TVA-00190 Bidding, Contractor Selection, and Procurement ... 30.0d 01/23/13 03/06/13
URS-00360 Construction Observation and Materials Testing S... 88.0d 04/10/13* 08/13/13
URS-00370 Spillway Package Construction Ends 1.0d 08/06/13 08/06/13
URS-00380 Construction Certification Report - Spillways 30.0d 11/01/13 12/16/13
URS-00400 URS Project Completion 0.0d 12/16/13

602601- URS.03.01.03.02.2 602601- URS.03.01.03.02.2  Construction Coordination Meetings602601- URS.03.01.03.02.2  Construction Coordination Meetings602601- URS.03.01.03.02.2  Construction Coordination Meetings602601- URS.03.01.03.02.2  Construction Coordination Meetings602601- URS.03.01.03.02.2  Construction Coordination Meetings602601- URS.03.01.03.02.2  Construction Coordination Meetings
URS-00390 Construction Coordination Meetings 88.0d 04/10/13* 08/13/13

A A A A A A A A A A A A A A A A A A A A

Request for Proposal Received
Proposal/Scope Development
Proposal/Scope Submittal - Rev A

TVA Proposal Review
PAB Approval
TVA Purchase Order Preparation
TVA Award P.O. to Engineering Partner

Project Set-up/Kick-Off
TVA Surveying to Support H&H Analysis
H&H, Dam Break, and Non-Newtonian Flow Analyses
Project Scoping/Schedule Scrub Meeting
PPD Rev. A Preparation (URS)
PPD Rev. A Submittal to TVA
Review Rev. A PPD(TVA)
PPD Rev. B Preparation

Finalize/Sign PPD
Ph 2 PAB Approval

Revise Phase 2 Spillway Replacement Proposal
Preparation of Construction Documents-Spillway 50% Submittal
TVA 50% Design Constructability Review
Design Coordination Meeting #1
Revise QA/QC Plan for Additional Spillway Elements
Preparation of Construction Documents-Spillway 90% Submittal
TVA 90% Design / Constructability Review
Design Coordination Meeting #2
Revise PPD (If Scope Change from Ph 1 Document)
Final Spillway Construction Document Preparation and Submittal

PAB Approval/NTP

Revise Phase 3 Spillway Proposal
Bidding, Contractor Selection, and Procurement Services - Spillway Package

Construction Observation and Materials Testing Services - Spillway Package
Spillway Package Construction Ends

Construction Certification Report - Spillways
URS Project Completion

Construction Coordination Meetings

GAF - Pond A Spillway URS Layout 04/17/12 14:39

Remaining Level of Effort
Actual Level of Effort

Actual Work
Remaining Work

Critical Remaining Work
Milestone

Page 1 of 2 TASK filter: URS Filter.
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Activity ID Activity Name Original
Duration

Start Finish Actual Start Actual Finish

602601- URS.1-1  Phase 3- Projec602601- URS.1-1  Phase 3- Project Closure602601- URS.1-1  Phase 3- Project Closure602601- URS.1-1  Phase 3- Project Closure602601- URS.1-1  Phase 3- Project Closure602601- URS.1-1  Phase 3- Project Closure602601- URS.1-1  Phase 3- Project Closure
TVA-00852 TVA Project Closure Process 240.0d 08/06/13 07/22/14
TVA-00902 Prepare Post Project Benefit Analysis as Required 30.0d 11/01/13 12/16/13

A A A A A A A A A A A A A A A A A A A A

TVA Project Closure Process
Prepare Post Project Benefit Analysis as Required

GAF - Pond A Spillway URS Layout 04/17/12 14:39

Remaining Level of Effort
Actual Level of Effort

Actual Work
Remaining Work

Critical Remaining Work
Milestone

Page 2 of 2 TASK filter: URS Filter.

© Oracle Corporation
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Bottom Ash Pond A 

  



       US Environmental  
Coal Combustion Dam Inspection Checklist Form    Protection Agency 

 

1 

Site Name: Gallatin Fossil Date: September 8, 2011 

Unit Name: Bottom Ash Pond A Operator's Name: Tennessee Valley Authority 

Unit I.D.:  Hazard Potential Classification: High  Significant  Low  

Inspector's Name: Stanford/McLaren 
 
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?  x  18. Sloughing or bulging on slopes?  x   
2. Pool elevation (operator records)?         x  19. Major erosion or slope deterioration?   x 
3. Decant inlet elevation (operator records)?  x   20. Decant Pipes:    
4. Open channel spillway elevation (operator records)?  x        Is water entering inlet, but not exiting outlet?   x 
5. Lowest dam crest elevation (operator records)?  x        Is water exiting outlet, but not entering inlet?   x 
6. If instrumentation is present, are readings recorded 
(operator records)?  

x        Is water exiting outlet flowing clear?  x  

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/A 

9. Trees growing on embankment? (If so, indicate         
largest diameter below) 6” diameter 

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       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.  

 

Issue #  Comments 
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Coal Combustion Dam Inspection Checklist Form    Protection Agency 

 

2 

Coal Combustion Waste (CCW) 
Impoundment Inspection 

Impoundment NPDES Permit TN0005428 INSPECTOR  

Date November 30, 2005 / Expires 11-29-2009 (TVA has reapplied for permit) 
Impoundment Name Stilling Pond D 

Impoundment Company TVA-Gallatin Fossil Plant 
EPA Region 4 

State Agency 
(Field Office) Address 61 Forsyth Street, SW Atlanta GA 30303-1754 

Name of Impoundment Outfall 001 

(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 ccw currently being pumped into the 

impoundment?        

IMPOUNDMENT FUNCTION: Bottom Ash storage Pond 

Nearest Downstream Town 
Name:      

Gallatin 

Distance from the 
impoundment:      

Approximately 3 miles along river 

Location: 
Latitude  36 Degrees 18 Minutes 53.6904 Seconds N 

Longitude  -86 Degrees 24 Minutes 5.7846 Seconds W 

State Tennessee County Summer 

  Yes No 

Does a state agency regulate this impoundment?     

If So Which State Agency?  
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Coal Combustion Dam Inspection Checklist Form    Protection Agency 

 

3 

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: 

The Pond is considered Significant hazard due to the potential of environmental damage to the 
Cumberland River. 
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CONFIGURATION: 

 
 

  Cross-Valley     Side-Hill     Diked 

  Incised (form completion optional)    Combination Incised/Diked 

 

Embankment Height (ft) 25 Embankment Material Clay/Bottom Ash 

Pool Area (ac)  269 Liner N/A 
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Current Freeboard (ft) 3’ estimated Liner Permeability N/A 
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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 

(3)    30” –inch RCP 
 

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): 

 

 



       US Environmental  
Coal Combustion Dam Inspection Checklist Form    Protection Agency 
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The Impoundment was Designed By Not Known at this time.  

 
 Yes No  

Has there ever been a failure at this site?      

If So When?   

If So Please Describe : 
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8 

 
 Yes No  

Has there ever been significant seepages 
at this site?      

If So When?   

If So Please Describe : 

  

 



       US Environmental  
Coal Combustion Dam Inspection Checklist Form    Protection Agency 

 

9 

 
 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 construction documents are 
present at this time. Current borings do not show that the embankments were constructed of wet ash, slag, 
or unsuitable materials. 

  

Did the dam assessor meet with, or have documentation from, the design Engineer-of-Record concerning 
the foundation preparation? NO 

 

From the site visit or from photographic documentation, was there evidence of prior releases, failures, 
or patchwork on the dikes? NO 



Gallatin Fossil Plant  
TVA Coal Combustion Residue Impoundment  
Gallatin, Tennessee Dam Assessment Report  
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Pond E 
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Coal Combustion Dam Inspection Checklist Form    Protection Agency 

 

1 

Site Name: Gallatin Fossil Date: September 8, 2011 

Unit Name: Fly Ash Pond E Operator's Name: Tennessee Valley Authority 

Unit I.D.:  Hazard Potential Classification: High  Significant  Low  

Inspector's Name: Stanford/McLaren 
 
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?  x  18. Sloughing or bulging on slopes?   x 
2. Pool elevation (operator records)?         x  19. Major erosion or slope deterioration?   x 
3. Decant inlet elevation (operator records)?  x   20. Decant Pipes:    
4. Open channel spillway elevation (operator records)?  x        Is water entering inlet, but not exiting outlet?   x 
5. Lowest dam crest elevation (operator records)?  x        Is water exiting outlet, but not entering inlet?   x 
6. If instrumentation is present, are readings recorded 
(operator records)?  

x        Is water exiting outlet flowing clear?  x  

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/A 

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       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.  

 

Issue #  Comments 
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Coal Combustion Waste (CCW) 
Impoundment Inspection 

Impoundment NPDES Permit TN0005428 INSPECTOR  

Date November 30, 2005 / Expires 11-29-2009 (TVA has reapplied for permit) 
Impoundment Name Stilling Pond D 

Impoundment Company TVA-Gallatin Fossil Plant 
EPA Region 4 

State Agency 
(Field Office) Address 61 Forsyth Street, SW Atlanta GA 30303-1754 

Name of Impoundment Outfall 001 

(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 ccw currently being pumped into the 

impoundment?        

IMPOUNDMENT FUNCTION: Fly Ash storage Pond 

Nearest Downstream Town 
Name:      

Gallatin 

Distance from the 
impoundment:      

Approximately 3 miles along river 

Location: 
Latitude  36 Degrees 18 Minutes 53.6904 Seconds N 

Longitude  -86 Degrees 24 Minutes 5.7846 Seconds W 

State Tennessee County Summer 

  Yes No 

Does a state agency regulate this impoundment?     

If So Which State Agency?  
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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: 

The Pond is considered Significant hazard due to the potential of environmental damage to the 
Cumberland River. 
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CONFIGURATION: 

 
 

  Cross-Valley     Side-Hill     Diked 

  Incised (form completion optional)    Combination Incised/Diked 

 

Embankment Height (ft) 30 Embankment Material Clay 

Pool Area (ac)  157 Liner N/A 
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Current Freeboard (ft) 3’ estimated Liner Permeability N/A 
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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 

(2)    30” –inch RCP 
 

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 Not Known at this time.  

 
 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 construction documents are 
present at this time. Current borings do not show that the embankments were constructed of wet ash, slag, 
or unsuitable materials. 

  

Did the dam assessor meet with, or have documentation from, the design Engineer-of-Record concerning 
the foundation preparation? NO 

 

From the site visit or from photographic documentation, was there evidence of prior releases, failures, 
or patchwork on the dikes? NO 



Gallatin Fossil Plant  
TVA Coal Combustion Residue Impoundment  
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1 

Site Name: Gallatin Fossil Date: September 8, 2011 

Unit Name: Stilling Pond B,C,D Operator's Name: Tennessee Valley Authority 

Unit I.D.:  Hazard Potential Classification: High  Significant  Low  

Inspector's Name: Stanford/McLaren 
 
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?  x  18. Sloughing or bulging on slopes?  x   
2. Pool elevation (operator records)?         x  19. Major erosion or slope deterioration?   x 
3. Decant inlet elevation (operator records)?  x   20. Decant Pipes:    
4. Open channel spillway elevation (operator records)?  x        Is water entering inlet, but not exiting outlet?   x 
5. Lowest dam crest elevation (operator records)?  x        Is water exiting outlet, but not entering inlet?   x 
6. If instrumentation is present, are readings recorded 
(operator records)?  

x        Is water exiting outlet flowing clear?  x  

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/A 

9. Trees growing on embankment? (If so, indicate         
largest diameter below) 6” diameter 

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       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.  

 

Issue #  Comments 
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Coal Combustion Waste (CCW) 
Impoundment Inspection 

Impoundment NPDES Permit TN0005428 INSPECTOR  

Date November 30, 2005 / Expires 11-29-2009 (TVA has reapplied for permit) 
Impoundment Name Stilling Pond D 

Impoundment Company TVA-Gallatin Fossil Plant 
EPA Region 4 

State Agency 
(Field Office) Address 61 Forsyth Street, SW Atlanta GA 30303-1754 

Name of Impoundment Outfall 001 

(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 ccw currently being pumped into the 

impoundment?        

IMPOUNDMENT FUNCTION: Stilling Pond 

Nearest Downstream Town 
Name:      

Gallatin 

Distance from the 
impoundment:      

Approximately 3 miles along river 

Location: 
Latitude  36 Degrees 18 Minutes 53.6904 Seconds N 

Longitude  -86 Degrees 24 Minutes 5.7846 Seconds W 

State Tennessee County Summer 

  Yes No 

Does a state agency regulate this impoundment?     

If So Which State Agency?  
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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: 

The Pond is considered Significant hazard due to the potential of environmental damage to the 
Cumberland River. 
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CONFIGURATION: 

 
 

  Cross-Valley     Side-Hill     Diked 

  Incised (form completion optional)    Combination Incised/Diked 

 

Embankment Height (ft) 10 Embankment Material Clay 

Pool Area (ac)  55 Liner N/A 
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Current Freeboard (ft) 3’ estimated Liner Permeability N/A 
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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 

(4)    36” –inch RCP 
 

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 Not Known at this time.  

 
 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 construction documents are 
present at this time. Current borings do not show that the embankments were constructed of wet ash, slag, 
or unsuitable materials. 

  

Did the dam assessor meet with, or have documentation from, the design Engineer-of-Record concerning 
the foundation preparation? NO 

 

From the site visit or from photographic documentation, was there evidence of prior releases, failures, 
or patchwork on the dikes? NO 



Gallatin Fossil Plant  
TVA Coal Combustion Residue Impoundment  
Gallatin, Tennessee Dam Assessment Report  

 
APPENDIX B 

 
Document 19 

 
Dewberry Memorandum dated May 25, 2012, 

Regarding Qualitative Assessment 
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