
1101 Market Street, BR 2C, Chattanooga, Tennessee 37402 

Sent Via Electronic Transmittal 

December 10, 2021 

Mr. S. Scott Story, P.E.  
Chief, Solid Waste Engineering Section 
Division of Solid Waste Management 
Alabama Department of Environmental Management (ADEM) 
1400 Coliseum Boulevard 
Montogomery, AL 36110 

Dear Mr. Story: 

TENNESSEE VALLEY AUTHORITY (TVA) – COLBERT FOSSIL PLANT (COF) – ASH POND 4 
PERMIT APPLICATION 

TVA is submitting an updated Solid Waste Disposal Facility CCR Unit Permit Application Package 
(including Form 439) for Ash Pond 4 at the TVA Colbert Fossil Plant in Colbert County, AL. The 
originally submitted Closure/Post Closure Plan for this facility was approved by the Alabama 
Department of Environmental Management (ADEM) in a letter dated August 22, 2017.  The Closure 
Certification package for Ash Pond 4 was submitted to ADEM with a letter dated September 18, 
2018.  This updated package is to support issuance of a permit under the ADEM CCR Rule. 

The current application is accompanied by an updated Form 439. ADEM confirmed that 
resubmission of fees is not necessary as fees were submitted previously on December 20, 2018. 

If you have any questions, please contact Suama Bolden at snbolden@tva.gov 

Sincerely, 

Anna Fisher 
Manager, Ash and Groundwater 
Waste Permits, Compliance, and Monitoring 

Enclosure 

Received: 12/10/2021
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PERMIT APPLICATION FOR CCR SURFACE IMPOUNDMENT 
TVA COLBERT FOSSIL PLANT ASH DISPOSAL AREA 4 

TUSCUMBIA, ALABAMA 
TENNESSEE VALLEY AUTHORITY 

  



PERMIT APPLICATION FOR CCR SURFACE IMPOUNDMENT 
TVA COLBERT FOSSIL PLANT ASH DISPOSAL AREA 4 

335-13-15-.09(1)(C) 

1. Introduction 
Tennessee Valley Authority (TVA) owns and operates the Colbert Fossil Plant located in Colbert 
County, Alabama.  The plant property is on the south bank of the Tennessee River, 
approximately 8 miles west of Tuscumbia, Alabama.  The Colbert Fossil Plant was fully idled 
and stopped generating electricity in March 2016.  The plant had 5 generating units with a 
combined generating capacity of 1,204 megawatts.   

In accordance with the Alabama Department of Environmental Management (ADEM), Land 
Division, Solid Waste Program, Standards for Disposal of Coal Combustion Residuals in 
Landfills and Surface Impoundments, Chapter 335-13-15-.02, Ash Disposal Area 4 (also called 
Ash Pond 4) is classified as an Existing CCR Surface Impoundment.  Ash Disposal Area 4 is 
located on the southern portion of the plant property, approximately 3,000 feet south of the 
powerhouse.  The CCR Surface Impoundment is bounded to the west by Colbert Steam Plant 
Road, to the east by Cane Creek, and to the south by Lee Highway.   

The total capacity of Ash Disposal Area 4 is approximately 2.6 million cubic yards, covering 
approximately 52 acres.  The disposal area was closed in early 2018, with the installation of the 
final cover system. 

Rule 335-13-15-.08 requires a website address for information required to be posted by 40 CFR 
257.107. The information required to be posted and applicable to the TVA Colbert Fossil Plant 
Ash Disposal Area 4 is found on TVA’s CCR Rule Compliance Data and Information website at: 

https://www.tva.com/environment/environmental-stewardship/coal-combustion-residuals/colbert   

TVA is submitting the attached information in support of an application for a permit for post-
closure in accordance with Rule 335-13-15-.09(1)(a) for an existing CCR surface impoundment.  
Each section includes a narrative portion describing the basis of design of the project, 
applicable regulatory requirements, and each of the engineering analyses performed to support 
the design and permitting of the facility. 

2. Application Form 
A solid waste permit application form in compliance with 335-13-15-.09(1)(a)1. is provided as 
Attachment A.  

3. Boundary Plat and Legal Description 
A boundary plat and legal property description in compliance with 335-13-15-.09(1)(a)2. for Ash 
Disposal Area 4 is provided in Attachment B. 



4. Location Requirements 
Technical data and reports documenting compliance with the requirements with 335-13-15-.03 
are required in the permit application package. 

Ash Disposal Area 4 is closed. TVA did not post demonstrations associated with the location 
restrictions at 335-13-15-.03(2) through 335-13-15-.03(5) because the results of not posting 
these demonstrations was that TVA must stop placing CCR in the unit and initiate closure and 
the unit was already closed.  Therefore, these requirements are not applicable due to the 
closure of Ash Disposal Area 4. TVA has conducted extensive comprehensive groundwater 
investigations of the site under the oversight of ADEM through the First Amended Consent 
Order.  The results have been submitted to ADEM in annual reports. 

5. Geological and Hydrogeological Presentation 
A detailed presentation of geological and hydrogeological units within the disposal site, including 
typical cross-sections and disposal methods used is required under 335-13-15-.04.  The 
presentation is included in the History of Construction for Coal Combustion Residuals report 
dated December 9, 2016.  A copy of the report is provided in Attachment C.  The geology and 
hydrogeology are discussed in the Ash Pond 4 Groundwater Monitoring Plan dated November 
3, 2021, provided in Attachment H. 

6. Determination of Liner Design 
A technical determination of the liner design and type required by 335-13-15-.04(2).  The site is 
an unlined facility.   

7. Hazard Potential Classification 
A technical report for the hazard potential of the facility as outlined in 335-13-15-.04(4)(a)2. is 
required in the permit application.  The initial hazard potential classification assessment was 
completed in 2016, and a periodic assessment was completed in 2021.  The hazard potential 
classification for the site is ‘significant’.  A copy of the Hazard Potential Classification 
Assessment which included the initial assessment as an attachment is provided in 
Attachment D. The site Emergency Action Plan (EAP) for Ash Disposal Area A, Revision 2, 
dated February 21, 2019, is also provided in Attachment D.   

8. Structural Stability Assessment 
A structural stability assessment is required following 335-13-15-.04(4), because the site has a 
height of greater than 5 feet, and a storage volume greater than 20 acre-feet.  The initial 
structural stability assessment was completed in 2016 and a periodic assessment was 
completed in 2021.  The structural stability assessment is provided in Attachment E.   

A Safety Factor Assessment Report demonstrating the stability safety factors for Ash Pond 4 in 
its final configuration are met is included in Attachment E.    

TVA has previously requested a variance from ADEM Admin Codes r. 335-13-15-
.07(3)(d)3(i)(III-V) which requires the minimum final grade of the final cover system shall not be 
less than 5 percent, the maximum final grade of the final cover system shall not exceed 25 
percent to minimize erosion, and the slopes longer than 25 feet shall require horizontal terraces 



of sufficient width for equipment operation, for every 20 feet rise in elevation or utilize other 
erosion control measures approved by the Department.  ADEM reviewed the request and asked 
for additional information regarding the above-mentioned variance, specifically asking TVA to 
submit further documentation demonstrating adequacy of the slope stability of the layered final 
cover system utilizing the requested slope by a registered Professional Engineer in Alabama.   

Additional engineering analyses demonstrating the adequacy of the slope stability of the layered 
final cover system were performed and included in Attachment E. 

9. Topographical Maps and Control Points 
On-site control points are required to provide an accurate means of horizontal and vertical 
control for the facility construction, operation, closure, and post-closure.  Additionally, 
topographical maps and contour intervals no more than five feet for the existing ground surface 
elevation, final disposal area elevation, and buffer zones are required.  The control points and 
contours are identified on the applicable sheets in the drawings titled:   

• Colbert Fossil Plant Ash Pond 4 Site Plan October 2021 

The drawing is provided in Attachment F. 

10. QA/QC Plan 
A quality assurance/quality control (QA/QC) plan is required for all components of the final cover 
system.  The QA/QC plan dated July 2016 is included in Attachment G. 

11. Operations Plan 
An operations plan is required that include the following: 

• A CCR fugitive dust control plan in accordance with 335-13-15-.05(1),  
• An inflow design flood control system in accordance with 335-13-15-.05(3),  
• A groundwater monitoring and analysis program in accordance with 335-13-15-.06 
• Recordkeeping procedures in compliance with 335-13-15-.08, and  
• Procedures for updating sections of the plans periodically as required.   

The CCR Fugitive Dust Control Plan dated December 13, 2019, the Inflow Design Flood Control 
System Plan dated October 12, 2021, and the Groundwater Monitoring Plan dated November 
3, 2021, are provided in Attachment H.   

12. Closure and Post-Closure Plans 
A written closure and post-closure plans are required in accordance with 335-13-15-.07.  

The Closure/Post-Closure Plan for Ash Pond 4 dated February 2017 was submitted to ADEM 
under state requirements.  ADEM approved the Ash Pond 4 closure plan on August 22, 2017.  
The approval letter from ADEM and the Closure/Post-Closure Plan are included as Attachment 
I.  After receiving approval of the closure plan, TVA completed the construction of the final cover 
system and closure of Ash Pond 4 in accordance with the approved plan and prepared and 
submitted a certification report documenting closure Ash Pond 4.  That report was submitted to 
ADEM on September 18, 2018.   



13. Adjacent Property Owners 
The name and address of all property owners whose property is adjacent to the CCR surface 
impoundment is required in accordance with 335-13-15-.09(14).  The requirement for Ash Pond 
4 is not applicable, because TVA owns and controls all the property adjacent to Ash Pond 4.  

14. Certification 
I hereby certify that the information contained within this permit application is accurate and 
correct based on the available information.   

 

 

 

John M. Trast, P.E., D.GE 
Alabama Licensed Professional Engineer No. 22334 

 

  



 

Attachment A 
Solid Waste Permit Application Forms 

 

  



ADEM Form 439 1-18 3 

SOLID WASTE APPLICATION 
_____________________________________________________________________________________________ 

PERMIT APPLICATION 
SOLID WASTE DISPOSAL FACILITY 

ALABAMA DEPARTMENT OF ENVIRONMENTAL MANAGEMENT 
(Submit in Triplicate) 

1. Facility type:  Municipal Solid Waste Landfill (MSWLF) 
 Industrial Landfill (ILF) 
 CCR Landfill (CCRLF) 
 CCR Surface Impoundment (CCRSI) 
 Other (explain)

2. Facility Name: ___TVA Colbert Fossil Plant Ash Disposal Area 4________________________

3. Applicant:

Name:     __________________________________________________________________________

Address:  __________________________________________________________________________
__________________________________________________________________________ 
__________________________________________________________________________ 

4. Location: (include county highway map or USGS map)

Township    Range   
Section     County  

5. Land Owner:

Name:     __________________________________________________________________________

Address:  __________________________________________________________________________
__________________________________________________________________________ 
 __________________________________________________________________________ 

Telephone: _________________________________________________________________________ 

(Attach copy of agreement from landowner if applicable.) 

X

Tennessee Valley Authority 

900 Colbert Steam Plant Road
Tuscumbia, Alabama  35674

Colbert Fossil Plant

T.4. South R.12.W
6., 7. Colbert

Tennessee Valley Authority Attn: Scott Turnbow

423-751-3031

Telephone:      (256) 389-0698  __ _________________________________

1101 Market Street
Chattanooga, TN  37402



             71.67

___________________________________________________________
DATE                    SIGNATURE



 

Attachment B 
Boundary Plat and Legal Description 

 

Boundary Survey AP4 Area Closure by TVA, dated July 23, 2019 

Exhibit A – AP4 Closure Area Description prepared by TVA Surveying dated October 08, 2021 

 

  



POB

    XWSSP-11ER

AP4 CLOSURE AREA

   71.67 +/- Ac.

AP4 Area Closure

Metadata
Horizontal Projection: COF-Plant Local Ground
COF-Plant Local Ground coordinates are based
on the NAD 27 Alabama Lambert Projection,
but represent locations on the ground.
They are not equivalent to grid positions
Horizontal Datum: Local
Vertical Datum: NGVD 29
H&V Accuracy: GPS RTK
Units: US Survey Feet (sft)
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TVA Tract No. XWSSP-11ER 
EXIHBIT A 

AP4 Closure Area 
COLBERT STEAM PLANT 

 
A parcel of land located in Section 1, Township 4 South, Range 13 West, Huntsville Meridian, 
located in Colbert County, State of Alabama, as shown on US-TVA drawing number 37 MS 422 
D 508 (D), R.0, sheet one of one, and being more particularly described as follows: 
 
Beginning at an angle iron (Coordinates: N. 1,722,061.39’, E. 394,186.50’), said point being 
corner PCF718-1 and the southeast corner of the Iron Pond Closure. Thence with eastern 
boundary line of said Iron Pond Closure Area N03°24’00”W, 406.72 feet to an angle iron 
(found), said point being the northeast corner of said Iron Pond Closure Area; thence leaving 
said Iron Pond Closure Area N03°14’56”W, 593.10 feet to an angle iron (set); thence 
N23°11’22”W, 246.87 feet to an angle iron (set); thence N08°21’49”W, 225.79 feet to an angle 
iron (set); thence N48°49’00”E, 213.48 feet to a point; thence N65°11’23”W, 62.97 feet to a 
point: thence N33°12’50”E, 70.76 feet to an angle iron (set): thence N84°49’03”E, 102.82 feet to 
a point; thence N55°09’59”E, 156.69 feet to an angle iron (set): thence N64°29’54”E, 107.72 
feet to an angle iron (set): thence S86°03’15”E, 87.33 feet to an angle iron (set); thence 
S57°36’54”E, 142.55 feet to an angle iron (set); thence S27°27’47”E, 2,495.24 feet to an angle 
iron (set); thence S20°31’44”E, 181.00 feet to an angle iron (set); thence S01°06’56”W, 233.94 
feet to an angle iron (set);  thence S56°59’48”E, 60.22 feet to an angle iron (set); thence 
S03°12’28”E, 42.98 feet to an angle iron (set); thence N87°22’31”W, 71.78 feet to an angle iron 
(set); thence N46°03’35”W, 40.34 feet to an angle iron (set): thence S27°03’21”W, 103.73 feet 
to an angle iron (set); thence S83°40’13”W, 114.52 feet to an angle iron (set); thence 
N86°01’25”W, 97.63 feet to an angle iron (set); thence N72°50’44”W, 286.96 feet to a point; 
thence N74°20’32”W, 614.59 feet to a point; thence N77°10’39”W, 334.92 feet to an angle iron 
(set); thence N67°58’44”W, 134.49 feet to an angle iron (set); thence N34°02’45”W, 120.40 feet 
to an angle iron (set); thence N00°54’45”W, 566.28 feet to the point of beginning and containing 
71.67 acres, more or less.  
 
Positions of corners and directions of lines are referred to the Alabama West State Coordinate 
System and NAD 27 Horizontal Datum.   
 
This description was prepared from Reservation Map 37 MS 421 P 504-1, R.1 and 37 MS 461 B 
566-D R.0 
 
 TVA Surveying 

Tennessee Valley Authority 
 1101 Market Street 
 Chattanooga, TN 37402-2801 



 

Attachment C 
Geological and Hydrogeological Presentation 

 

History of Construction for Coal Combustion Residuals Existing Surface Impoundment - Ash 
Disposal Area 4 by AECOM dated December 9, 2016 
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1.0 INTRODUCTION/ RULE REQUIREMENTS  

1.1 OBJECTIVE 
The purpose of this History of Construction report is to document compliance with 40 CFR 
257.73(c) of the Environmental Protection Agency Final Coal Combustion Residual Rule (EPA 
Final CCR Rule).  This History of Construction is based on existing documentation such as 
construction drawings, record drawings, and any other pertinent data and/or investigations to 
support historic conditions and operations at Ash Disposal Area 4 at the Tennessee Valley 
Authority (TVA) Colbert Fossil Plant (COF).   All supporting documentation is located in the 
attached appendices. 

1.2 RULE REQUIREMENTS 
According to §257.73(c) of the EPA Final CCR Rule, compilation of a history of construction is 
required for each existing CCR surface impoundment that meets either of the following 
conditions: 

1. Has a height of five feet or more and a storage volume of 20 acre-feet or more; or  

2. Has a height of 20 feet or more. 

This report contains the information outlined in paragraphs (1)(i) through (2) of § 257.73(c) of 
the EPA Final CCR Rule, which is stated throughout this document for clarity.   

2.0 §257.73(c)(1)(i) - OWNER CONTACT/ CCR UNIT IDENTIFICATION 
INFORMATION 

Per Rule §257.73(c)(1)(i), the name and address of the owner(s) or operator(s) of the CCR unit, 
the name associated with the CCR unit, and the identification number of the CCR unit if one has 
been assigned by the state are documented below.  

Owner:  Tennessee Valley Authority (TVA), as agent of the United States 
Contact:  Civil Projects & CCP Management, Strategy, and Engineering 
Address: 1101 Market Street 
 Chattanooga, TN  37402-2801  
Email:  tvainfo@tva.com 
Phone:  844-342-0012  

3.0 §257.73(c)(1)(ii) - CCR UNIT LOCATION 
Per Rule §257.73(c)(1)(ii), a map showing the location of the CCR unit on the most recent 
USGS 7 ½  minute topographic quads is provided in Appendix A. 

The COF facility is located at 900 Steam Plant Road in Colbert County, Alabama on the south 
bank of the Tennessee River, approximately 12 miles west of the center of the City of 
Tuscumbia. Ash Disposal Area 4 is located in the southern portion of the COF Reservation, 
approximately 3,000 feet south of the COF powerhouse. The Unit is bounded to the west by 
Colbert Steam Plant Road, to the east by Cane Creek, and to the south by Lee Highway (See 
Figure 1).   
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Figure 1: Overview of Ash Disposal Area 4 

4.0 §257.73(c)(1)(iii) - STATEMENT OF PURPOSE FOR THE CCR UNIT 
Per Rule §257.73(c)(1)(iii), a statement of the purpose for which the CCR unit is being used is 
provided below. 

Ash Disposal Area 4 is not in use.  The Unit was built in 1972 to receive sluiced bottom ash and 
minor amounts of fly ash from the COF. From 1994 to March 2016, the pond has only received 
bottom ash due to the installation of a bag house and the subsequent management of the fly 
ash in a dry manner.  When it was in operation, Ash Disposal Area 4 consisted of a sluicing 
area for bottom ash management, a main pond and adjoining stilling pond.  Area 4 also receives 
COF process water, gray water, and waters from the Coal Yard Runoff Pond.  

The COF ceased coal burning operations on March 23, 2016.  As a result, bottom ash is no 
longer sluiced to Ash Disposal Area 4.  Ash Disposal Area 4 is considered to be an inactive 
surface impoundment and closure activities are scheduled to begin during December 2016. 

5.0 §257.73(c)(1)(iv) - WATERSHED DESCRIPTION 
Per Rule §257.73(c)(1)(iv), the name and size (in acres) of the watershed where the CCR unit 
is located is provided below.  

N
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The contributing drainage of Ash Disposal Area 4 consists only of the impoundment surface 
area, approximately 52 acres in size. There is no offsite run on contributing to the drainage 
area. 

6.0 §257.73(c)(1)(v) – FOUNDATION AND ABUTMENT MATERIALS 
Per Rule §257.73(c)(1)(v), a description of the physical and engineering properties of the 
foundation and abutment materials on which the CCR unit is constructed is provided below. 

Colbert Fossil Plant is underlain by the Tuscumbia Limestone formation. The Tuscumbia 
Limestone is of Mississippian age and consists of light to medium gray, fine- to medium-grained 
fossiliferous (primarily crinoid stems), cherty limestone. Chert occurs as light gray to dark bluish 
gray, sub-rounded nodules in layers throughout the unit. Cherty layers are laterally 
discontinuous, and no marker beds exist in the formation. Fractures occur commonly within the 
Tuscumbia Limestone. Horizontal fractures along bedding planes are the most common 
orientation. No faults were detected on or in the vicinity of the site.  

The soils primarily consist of residual clays including silty clays and moderate to high plasticity 
clays.  Chert fragments generally increase near the bedrock interface. Additionally, alluvial 
deposits can be encountered near Cane Creek.  

More information on engineering properties of the foundation and abutment materials can be 
found in AECOM’s Initial Structural Stability Assessment prepared for CCR Certification,2016. 

7.0 §257.73(c)(1)(vi) – EMBANKMENT CONSTRUCTION  

7.1 EMBANKMENT MATERIALS 
Per Rule §257.73(c)(1)(vi), a statement of the type, size, range, and physical and engineering 
properties of the materials used in constructing each zone or stage of the CCR unit is provided 
below. 

The Ash Disposal Area 4 perimeter dike consists of both an original and raised dike. The 
original dike, built from the existing ground to the approximate elevation of 440 feet MSL 
consists primarily of compacted clay taken from within the footprint of the impoundment. 
Specifically, the fill material has a USCS classification of lean clay (CL), described as sandy 
lean clay and lean clay with sand being reddish brown in color.  Such clay is reported to have 
strength consistencies primarily ranging from medium to stiff, with isolated zones ranging from 
soft to medium. The raised dike built atop the original dike (440 feet) to approximately 460 feet 
MSL was also constructed with compacted clay material. The USCS soil classification of the 
raised dike is lean clay with sand (CL) and fat clay with sand (CH) being reddish brown in color. 
The raised dike clay has consistencies ranging from medium stiff to very stiff. 

7.2 SITE PREPARATION AND CONSTRUCTION 
Per Rule §257.73(c)(1)(vi), a statement of the methods of site preparation and construction of 
each zone of the CCR unit; and the approximate dates of construction of each successive stage 
of construction of the CCR unit is provided below.  
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Construction of the Ash Disposal Area 4 began in 1972. Original construction at this time 
included the development of the perimeter dike, internal divider dikes and outlet spillway 
structure. The original perimeter and divider dikes were originally built to the elevation of 440 
feet MSL using clay fill taken from within the footprint of the impoundment. The original internal 
deflector dike began at the northwest corner of the perimeter dike leading south to divide the 
pond in half, and rounded off before meeting the southern dike in order to allow water flow to the 
east half. An additional divider dike and channel was constructed in the northwest corner of the 
impoundment, creating the Stilling Pond. The original dike crests were 16 feet wide, graded at 
5% to crown in the center for utilization as access roads. Dike side slopes were graded at 2 
Horizontal(H):1Vertical(V) for the internal divider dike and upstream perimeter dike face, and 
3H:1V for the downstream perimeter dike. Based on design drawings, the clay fill used to 
construct the dike was to be compacted to at least 95% of standard compaction maximum 
density, and have moisture content with no more than 2% above optimum, as determined by 
laboratory testing.  

In 1984 the perimeter and internal divider dike of Ash Disposal Area 4 was raised to elevation 
460 feet MSL to increase storage capacity. The raised dike was primarily built over top of 
existing ash that had been built up to an approximate elevation of 436 feet. The downstream toe 
of the raised dike started at the center point of the original dike, leaving an 8 foot wide bench of 
the original dike.  Construction of the raised dike was similar to the original dike having similar 
soil characteristics, identical side slope grades of 2:1 and 3:1, and an identical 16 foot wide 
crest width with 5% crowned access roads. Construction drawing 10N290, in Appendix B 
provides information on the raised dike. Based on design drawings, the clay fill used to 
construct the raised dike was to be compacted to at least 95% of standard compaction 
maximum density, and have moisture content with no more than 2% above optimum, as 
determined by laboratory testing. Figure 2 illustrates a typical section of the original and raised 
dike.  

 
Figure 2: TVA Drawing 10N290 showing the cross section of the dike 

During 2010 and 2011, the existing spillway riser structures were grouted in-place and a 
replacement spillway was constructed.  During that time, an 800 foot long segment of the 
northeastern dike crest was lowered to elevation 458 to provide an emergency spillway and 
eliminate the “High Hazard” classification.  Both of these projects also facilitated the lowering of 
the normal pool in Ash Disposal Area 4 from elevation 456 to elevation 453.  
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In 2013, a seepage remediation project was constructed with a seepage collection and 
conveyance system to address seepage at the interface of the original and raised embankment. 
This project was constructed as preventative maintenance.  

In 2015, a rock buttress was installed along the eastern toe of the perimeter dike to improve the 
slopes along the toe and provide an access road at the base of the dike. This project was 
constructed as preventative maintenance. 

In 2015 and 2016, construction of deep mixing method walls installed as part of improvements 
for the embankment.  

More information on the construction of Ash Disposal Area 4 can be found in the Construction 
Documents in Appendix C. 

7.3 CONSTRUCTION TIMELINE 
See Appendix D for a detailed historical timeline of Ash Disposal Area 4. 

8.0 §257.73(C)(1)(VII) – CONSTRUCTION DRAWINGS 
Per Rule §257.73(c)(1)(vii) requires the following: At a scale that details engineering structures 
and appurtenances relevant to the design, construction, operation, and maintenance of the CCR 
unit, detailed dimensional drawings of the CCR unit, including a plan view and cross sections of 
the length and width of the CCR unit, showing all zones, foundation improvements, drainage 
provisions, spillways, diversions ditches, outlets, instrument locations, and slope protection, in 
addition to the normal operating pool surface elevation and the maximum pool surface elevation 
following peak discharge from the inflow design flood, the expected maximum depth of CCR 
within the CCR surface impoundment, and any identifiable natural or manmade features that 
could adversely affect operation of the CCR unit due to malfunction or mis-operation. 

See Appendix C for scaled, detailed engineering drawings of structures, appurtenances 
relevant to design, construction, operation and maintenance of Ash Disposal Area 4. Appendix 
B contains slope stability sections. See Table of Contents for a list of all available historical 
construction drawings. Table 1 provides a list of drawings containing specific information 
requested in §257.73(c)(1)(vii). All drawings listed in Table 1 are available in Appendix C 
unless otherwise noted.  
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Table 1: List of Drawings Containing Information Requested in §257.73(c)(1)(vii) 

Ash Disposal Area 4 

Dimensional 
Plan View  

Various dimensional plan views shown throughout Appendix C, 
10N290 provides original construction, 10WXXX-X of Appendix E 

provides a current Plan View 
 

Dimensional 
Cross 
Sections 

Various dimensional cross sections shown throughout Appendix C 

Foundation 
Improvements East Dike Seismic Improvement (drawing set 10W395) 

Drainage 
Provisions Seepage Remediation (drawing set 10W291) 

Spillways 
10N292, 

High Hazard Removal & Spillway Replacement (drawing set 
10W290) 

Diversion 
Ditches Not Applicable 

Outlets 
10N291 (original construction), 10N295-1 (original construction),  

High Hazard Removal & Spillway Replacement (drawing set 
10W290) 

Instrument 
Locations  Appendix E, 10W290-4, 10W291-3, 10W504-3, 10395-6 

Slope 
Protection 

10N290 (original construction), 
Slope Improvement (drawing set 10W504), 

East Dike Seismic Improvement (drawing set 10W395) 
Normal 
Operating Pool 
Elevation 

See Initial Inflow Design Flood Control System Plan  
prepared for CCR Certification 

Maximum Pool 
Elevation  

See Initial Inflow Design Flood Control System Plan  
prepared for CCR Certification 

Expected 
Maximum 
Depth of CCR 

10N291 (original construction), 10W504-03 provides bathymetric 
survey information from 2011  
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9.0 §257.73(c)(1)(viii) - INSTRUMENTATION 
Per Rule §257.73(c)(1)(viii), a description of the type, purpose, and location of existing 
instrumentation is provided below. 

Piezometers and inclinometers are located at Ash Disposal Area 4 to monitor piezometric 
elevations and verify slope movements. Settlement monitoring plates are also located in Ash 
Disposal Area 4 in the southwest corner of the pond. The locations of the instruments are 
shown in the Instrumentation Location Map plan contained in Appendix E.   

10.0 §257.73(c)(1)(ix) – UNIT STORAGE CAPACITY 
Per Rule §257.73(c)(1)(ix), area-capacity curves for Ash Disposal Area 4 are provided in 
Figure 3 and Table 2.  This curve reflects stage/storage data for water in Ash Disposal Area 4 
based on aerial and bathymetric survey with a starting elevation of 435 feet (Normal Pool 
Elevation). The graph shows the surface area of the water in the pond at corresponding water 
surface elevations, as well as the corresponding storage volume.  

 
 

Figure 3: Ash Disposal Area 4 - Area/Capacity Curves  
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Table 2: Ash Disposal Area 4 – Area/Capacity Curves  

Elevation (ft) Surface Area (acres) Volume(ac-ft) Cum. Volume (ac-ft) 
435  0.00  0.00  0.00 
436  0.12  0.01  0.01 
437  1.90  0.77  0.78 
438  4.64  4.19  4.97 
439  6.42  9.72  14.69 
440  8.00  16.93  31.62 
441  9.19  25.50  57.12 
442  10.22  35.15  92.27 
443  11.10  45.77  138.04 
444  11.87  57.19  195.23 
445  12.68  69.38  264.61 
446  13.46  82.33  346.94 
447  14.21  96.04  442.98 

448  15.12  110.57  553.55 

449  16.06  125.91  679.46 
450  16.58  141.88  821.34 
451  17.11  158.29  979.63 
452  17.55  175.08  1154.71 
453  17.98  192.22  1346.93 
454  18.39  209.66  1556.59 
455  18.78  227.33  1783.92 
456  19.22  245.22  2029.14 
457  20.35  263.29  2292.43 
458  23.14  279.76  2572.19 
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11.0 §257.73(c)(1)(x) – UNIT OUTLET ANALYSIS 
Per Rule §257.73(c)(1)(x), a description of each spillway and diversion design features and 
capacities and calculations used in their determination is provided below. 

The spillway structure consists of four chambers with stop log weirs in the pond and the 
associated outlet headwall is located near the toe of the pond embankment.  The spillway and 
headwall were constructed in 2011. The original risers were grouted full and decommissioned 
after construction of the new spillway structure.  The spillway structure is constructed of cast-in-
place concrete.  The front wall incorporates a stop log weir of adjustable height.  Also affixed to 
the front of each chamber is a skimmer structure consisting of a half circle of 8 foot corrugated 
metal pipe. Twenty-seven inch HDPE pipes run from the rear wall of the spillway chambers, 
through an underground filter diaphragm, and out the headwall structure at the toe of the 
embankment. The headwall sits on a large slab, which has 12-inch high sills for energy 
dissipation.  The pond water flowing from the headwall flows into a culvert beneath an access 
road and then into a concrete lined discharge channel to Cane Creek.   

Ash Disposal Area 4 is equipped with an emergency spillway that consists of an 800 ft. long 
lowered dike section with an elevation of 458 feet.  

AECOM performed an H&H analysis of Ash Disposal Area 4 for AECOM’s Initial Inflow Design 
Flood Control System Plan for CCR Certification. The purpose of the analysis was to examine 
the adequacy of the pond to safely store and pass stormwater flows resulting from the 1000-
year, 6-hour storm event.  

The outlet structure of Ash Disposal Area 4 was found to pass the design storm flows with a 
maximum water surface elevation of 452.3 feet. This elevation leaves approximately 5.7-feet of 
freeboard remaining in the pond.  

The results indicate that the Ash Disposal Area 4 would not overtop during a 1000-year, 6-hour 
design storm and that the freeboard during this storm event for the pond is acceptable. 

12.0 §257.73(c)(1)(xi) - MAINTENANCE PROVISIONS 
Section §257.73(c)(1)(xi) requires that the history of construction include construction 
specifications and provisions for surveillance, maintenance, and repair of the CCR unit.  

Construction specifications are available as notes on the drawings in Appendix C.  

This CCR unit is subject to TVA’s CCP Storage Facilities Inspection Program. The inspection 
program includes scheduled formal, intermediate, and informal inspections as well as 
unscheduled special (emergency) inspections. Additionally, TVA plant personnel make daily 
observations and perform weekly reviews of the disposal areas. Maintenance is performed on 
an as-needed basis, and TVA documents all repair and maintenance activities.  

13.0 §257.73(c)(1)(xii) - STRUCTURAL INSTABILITIES 
Per Rule §257.73(c)(1)(xii), included below is any record or knowledge of structural instability of 
Ash Disposal Area 4.  
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No record or knowledge of structural instability has been identified for Ash Disposal Area 4. 

14.0 §257.73(c)(2) - CHANGES TO HISTORY OF CONSTRUCTION 
Per Rule §257.73(c)(2), if there is a significant change to any information compiled in the history 
of construction, TVA must update the relevant information and place it in the facility’s operating 
record within 30 days of the change.  

15.0 REFERENCES 
1. Environmental Protection Agency, “Final Rule: Disposal of Coal Combustion Residuals 

from Electric Utilities”, Federal Register, April 17, 2015. 
2. AECOM, Ash Disposal Area 4 Initial Inflow Design Flood Control System Plan (40 CFR 

§257.82) for CCR Certification, 2016. 
3. AECOM, Ash Disposal Area 4, Initial Structural Stability Assessment (40 CFR 

§257.73(d)) for CCR Certification, 2016. 
4. TVA, GCP&S-SPP-27.4.1, Coal Combustion Products Inspection of CCP Storage 

Facilities, 2015. 
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APPENDIX B 
SLOPE STABILITY SECTION 
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Colbert Fossil Plant
Ash Pond 4

Steady-State Seepage Analysis
Long-Term Existing Conditions
Cross-Section D-D'

Cane Creek
EL 414 ft

Ash Pond 4
EL 449 ft

Bedrock

Color Name Model Sat Kx
(ft/sec)

Ky'/Kx'
Ratio

Volumetric
Water
Content
(ft³/ft³)

Native Clay (Saturated) Saturated Only 3e-006 0.1 0.37

Upper Clay Dike (Saturated) Saturated Only 3e-009 0.4 0.4

Lower Clay Dike (Saturated) Saturated Only 1.5e-009 0.02 0.37

Sluiced Ash (Saturated) Saturated Only 4e-005 0.1 0.46

Bedrock (none)

Native Sand (Saturated) Saturated Only 1e-005 0.5 0.46

Granular Fill Saturated Only 1e-005 0.5 0.15

Date: 11/30/2016
Contour parameter: Total Head ft
Method: Steady-State

Project #:  60452541

Maximum gradient occurs at (-82.00,415.00)
Total Head:  414.000 ft

Critical gradient:  i(crit) = 0.93
Exit gradient:  i(exit) = ΔH/ΔL = 0.24

FS against piping = 3.9

At (-81.84,413.89)
Total Head:  414.263 ft

Sluiced Ash

Upper Clay Dike

Lower Clay Dike

Granular Fill

Native Clay

Native Sand



 

 

 
 

APPENDIX C 
CONSTRUCTION DRAWINGS 
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APPENDIX D 
UNIT HISTORY EXHIBIT 



In 2015, GEI began construction of seismic
remediation at Ash Disposal Area 4 and installed deep
mixing method walls around portions of the north,
east and south toe of the embankment.

In 2015, URS completed a project to improve the
slopes along toe of the eastern perimeter dike. Slopes
were regraded and rock buttresses and filter blankets
were installed.

During 2013, seepage remediation was performed by
URS. A seepage collection and conveyance system
was installed along the northern, eastern and
southern perimeter dike of the Unit.

During 2010 and 2011 Ash Disposal Area 4 the
existing spillway was abandoned and a new spillway
was installed to lower the normal pool elevation in
the pond from +456 to +453. Portions of the crest of
the perimeter dike were lowered from +460 to +458
to eliminate the “high hazard” dam categorization.

Stantec’s 2010 Ash Pond 4 geotechnical report
recommended pond modifications to increase
seepage and slope stability safety factors.

In 2009 TVA classified Ash Pond 4 as a “high hazard”
impoundment.

In 1984 the Ash Pond 4 perimeter dikes were raised
20 feet to +460 over sluiced ash, using upstream
construction. Seepage at the interface between the
two clay dikes has persisted, especially along the east
side of Pond 4.

In 1972, the 52‐acre Ash Pond 4 was initially
constructed with 20’ high clay perimeter dikes to
elevation +440. Both bottom and fly ash were wet
sluiced to Ash Pond 4 until 1990.

From April 1952 to January 1953 the initial 45‐acre
ash disposal pond was formed using rock from the
intake, downstream of the powerhouse, near the
confluence of Cane Creek and the river.

Construction on Colbert’s first two units began
October 15, 1951, and units 3 and 4 were added in
July 1952. First 4 units were in operation by
November 1955.
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Attachment D 
Hazard Potential and Emergency Action Plans 

 

Periodic Hazard Potential Classification Assessment by Stantec dated October 12, 2021 

Emergency Action Plan (EAP) Ash Disposal Area 4, Revision 2 by TVA dated February 21, 
2019 

 

  



 

Stantec Consulting Services Inc. 
3052 Beaumont Centre Circle, Lexington, Kentucky 40513-1703       
      

 

  

 

October 12, 2021   
File: rpt_012_let_175568465  
Revision 0 

Tennessee Valley Authority 
1101 Market Street  
Chattanooga, Tennessee 37402 
 
RE: Periodic Hazard Potential Classification Assessment 
 Ash Disposal Area 4 

EPA CCR Rule 
 TVA Colbert Fossil Plant 
 Tuscumbia, Alabama  

 

1.0 PURPOSE 

This letter documents certification that the Ash Disposal Area 4 at the Tennessee Valley Authority 
(TVA) Colbert Fossil Plant is in compliance with the hazard potential classification requirements set 
forth in 40 CFR 257.73(a)(2) of the EPA CCR Rule. The EPA CCR Rule requires periodic hazard 
potential classification assessments, certified by a professional engineer, every five years. The initial 
certification of hazard potential classification was placed in the operating record October 12, 2016. 

2.0 INITIAL HAZARD CLASSIFICATION ASSESSMENT 

The initial hazard potential classification assessment is attached. The results of the initial assessment 
assigned a hazard potential classification rating of “significant” for the Ash Disposal Area 4 because 
a failure or mis-operation could result in off-site release of CCRs and is unlikely to result in loss of 
human life. 

3.0  CURRENT HAZARD CLASSIFICATION ASSESSMENT 

Stantec reviewed the result of the initial assessment and the changes in the site conditions that have 
occurred in the past five years. Since the previous assessment, Ash Disposal Area 4 has been closed 
and capped and the area is no longer designed to impound surface water. Based on our review, 
there are no conditions that have changed in the past five years that would cause the result of the 
initial hazard classification assessment to have changed.    

4.0 SUMMARY OF ASSESSMENT 

Based on a review of the initial hazard potential classification assessment and the current site 
conditions, the result of this hazard potential classification assessment is that the Ash Disposal Area 
4 at Colbert meets the requirements for classification as a “significant” hazard impoundment (as 
defined in 40 CFR § 257.53). 



October 12, 2021 
Page 2 of 2  

Re: Periodic Hazard Potential Classification Assessment 
 Ash Disposal Area 4 

EPA CCR Rule 
 TVA Colbert Fossil Plant 
 Tuscumbia, Alabama  

  

 

5.0 QUALIFIED PROFESSIONAL ENGINEER CERTIFICATION 

I, Robert D. Fuller, being a Professional Engineer in good standing in the State of Alabama, do hereby 
certify, to the best of my knowledge, information, and belief: 

1. that the information contained in this certification is prepared in accordance with the 
accepted practice of engineering;  

2. that the information contained herein is accurate as of the date of my signature below; and 

3. that the hazard potential classification assessment for the TVA Colbert Fossil Plant’s Ash 
Disposal Area 4 meets the requirements specified in 40 CFR 257.73(a)(2).  

 

SIGNATURE        DATE _______________ 

ADDRESS: Stantec Consulting Services Inc. 
  3052 Beaumont Centre Circle 

Lexington, Kentucky 40513-1703 
  
TELEPHONE: (859) 422-3000 

ATTACHMENTS:  Initial Hazard Potential Classification Assessment  
 
 

10/12/2021



INITIAL HAZARD POTENTIAL 
CLASSIFICATION ASSESSMENT 

 
 



 

Stantec Consulting Services Inc. 
3052 Beaumont Centre Lane, Lexington KY  40513-1074       
      

 

 

December 8, 2016   
File: rpt_016_let_175565009  
Revision 0 

Tennessee Valley Authority 
1101 Market Street  
Chattanooga, Tennessee 37402 
 
Re: Initial Hazard Potential Classification Assessment 
 Ash Disposal Area 4 

EPA Final Coal Combustion Residuals (CCR) Rule 
 TVA Colbert Fossil Plant 
 Tuscumbia, Alabama  

 

1.0 PURPOSE 

This letter documents Stantec’s certification of the initial hazard potential classification assessment 
for the TVA Colbert Fossil Plant’s Ash Disposal Area 4.  The EPA Final CCR Rule requires owners or 
operators of CCR surface impoundments to conduct initial and periodic hazard potential 
classification assessments of the unit, assign one of three potential hazard classification ratings to it, 
and provide the basis for the rating, as per 40 CFR 257.73(a)(2). Hazard potential classification ratings 
define the consequences in the event of a failure – the ratings have nothing to do with the likelihood 
of failure or the structural stability of the impoundment. Based on this assessment, the Ash Disposal 
Area 4 has been assigned a significant hazard potential classification rating. 

2.0 BASIS FOR CLASSIFICATION RATING 

As described in the attached assessment report, the hazard potential classification rating of 
“significant” was assigned to the Ash Disposal Area 4 because a failure or mis-operation would result 
in no probable loss of human life, but could cause economic loss, environmental damage, 
disruption of lifeline facilities, or impact other concerns. In 2013, Stantec reviewed the hazard 
potential classification of Ash Pond No. 4.   It was determined that a breach of the impoundment 
would not likely result in loss of life.  To the north and east, a breach would likely result in the release 
of CCR materials to Cane Creek. Review of the analysis and current conditions at the Ash Disposal 
Area 4 concluded that the existing hazard classification was applicable. 

3.0 SUMMARY OF FINDINGS 

The attached report presents the analysis for the initial hazard potential classification assessment.  
The results demonstrate that the impoundment meets the hazard potential classification of 
“significant.” 
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Prepared for: 
Tennessee Valley Authority 
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Prepared by: 
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INITIAL HAZARD POTENTIAL CLASSIFICATION ASSESSMENT 

Rating  
December 8, 2016 

 1 
 

1.0 RATING 

This report documents the hazard potential classification assessment for the Ash Disposal Area 4 
at Colbert Fossil Plant (COF) as required per the Hazardous and Solid Waste Management 
System; Disposal of Coal Combustion Residuals from Electric Utilities [RIN-2050-AE81; FRL-9149-4] 
(EPA Final CCR Rule) § 257.73 (a)(2). Hazard potential classifications are based on the 
consequences of failure or mis-operation and are not a measure of the condition of the unit. The 
applicable hazard potential classifications are defined in the EPA Final CCR Rule § 257.53 as 
follows: 

(1) High hazard potential CCR surface impoundment means a diked surface 
impoundment where failure or mis-operation will probably cause loss of human life.  

(2) Significant hazard potential CCR surface impoundment means a diked surface 
impoundment where failure or mis-operation results in no probable loss of human life, but 
can cause economic loss, environmental damage, disruption of lifeline facilities, or 
impact other concerns. 

(3) Low hazard potential CCR surface impoundment means a diked surface 
impoundment where failure or mis-operation results in no probable loss of human life and 
low economic and/or environmental losses.  Losses are principally limited to the surface 
impoundment owner’s property.  

Based on these definitions the Ash Disposal Area 4 is classified as a significant hazard potential 
CCR surface impoundment. 

This report contains supporting documentation for the hazard potential classification assessment.  
The hazard potential classification for this structure was determined by review of a previous 
assessment conducted by Stantec in September, 2013.    
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2.0 BASIS OF RATING 

2.1 INTRODUCTION 

The Tennessee Valley Authority (TVA) has contracted Stantec Consulting Services Inc. (Stantec) 
to review and update previous hazard potential classification assessments as needed and to 
prepare the accompanying certification for selected impoundments at various TVA Plants.  

COF is located in Colbert County Alabama, adjacent to the Tennessee River.  Ash Disposal Area 
4 is located south of the power plant and adjacent to Cane Creek, a tributary of the Tennessee 
River.  A site overview figure is included in the appendix.  

2.2 SOURCE DATA 

For the COF Ash Disposal Area 4, an assessment was previously conducted in 2013.  Based on 
the findings, it was recommended that the hazard classification be listed as a significant hazard.   

2.3 POTENTIAL FAILURE SCENARIOS 

The 2013 study consisted of a review of previous breach analyses and an assessment of 
consequence on surrounding property and infrastructure.  It concluded a breach of Ash 
Disposal Area 4 represents a minor risk to external infrastructure and does not represent a 
probable loss of human life threat.   However, because Ash Disposal Area 4 is bordered by Cane 
Creek to the north and east, a breach would likely result in the off-site release of CCRs into the 
waters of the United States. 

As part of this initial hazard classification assessment, site conditions were reviewed to determine 
if changes have occurred to the impoundment or to downstream areas that would affect the 
conclusions of the 2013 study.  No significant changes were identified and it is concluded that 
the hazard classification determination is appropriate.    

2.4 HAZARD CLASSIFICATION 

Findings of this review and assessment demonstrate that a breach of the Ash Disposal Area 4 
would result in no probable loss of human life, but could cause economic loss or environmental 
damage.  It is Stantec’s opinion the impoundment fits the definition for a significant hazard 
potential CCR surface impoundment (as defined in the EPA Final CCR Rule §257.53).    
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1.0 Purpose 
 
This Emergency Action Plan (EAP) provides guidance for identifying and responding to 

safety emergencies at Ash Disposal Area 4 Coal Combustion Residuals (CCR) unit at 

the Colbert Fossil Plant (COF) which has been categorized as a significant hazard 

potential CCR surface impoundment as required by 40 CFR 257.73(a)(2) of the Final 

CCR Rule.  The EAP has been prepared, and will be maintained, in accordance with 40 

CFR 257.73(a)(3) of the Final CCR Rule and with TVA Standard Programs and 

Processes. 

 

2.0 Map and Description of CCR Unit 
 
In accordance with § 257.73(a)(3)(i)(D), the EAP must include a map which delineates 

the downstream area which would be affected in the event of a CCR unit failure and a 

physical description of the CCR unit. 

 

The requisite map is attached as Appendix 1. 

 

Ash Disposal Area 4 is enclosed within a clay perimeter dike system consisting of 

original and raised dikes. The unit has been closed with a geomembrane cap system 

and does not impound water. The final configuration has been graded to gravity drain 

surface water to Cane Creek. 

 
3.0 Safety Emergency Identification and Detection Procedures  
 
In accordance with 40 CFR 257.73(a)(3)(i)(A), the EAP must define the events or 

circumstances involving the CCR unit that represent a safety emergency and describe 

the procedures that will be followed to detect a safety emergency in a timely manner.   

 

The Construction Manager conducts weekly observations of the unit and is trained to 

detect a real or potential safety emergency.  In addition to the weekly observations, TVA 
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performs regularly-scheduled inspections of the unit per TVA’s Generation, 

Construction, Projects & Services (GCP&S) Standard Programs and Processes (SPP) 

27.4.  If the incident is discovered by plant personnel after hours of normal operations, 

the Combustion Turbine (CT) Manager will coordinate directly with the Construction 

Manager.  Upon detection of a condition that could result in a real or potential safety 

emergency, the Construction Manager is responsible for the immediate evaluation and 

classification of the condition into one of the following three classifications.  

 

1. Potential Threat (Condition Yellow) – The potential for failure exists due to 

significant slope movement or stack subsidence without CCR material exposure 

or release.  CCR material is contained within the unit but the conditions are 

currently unstable.  The Construction Manager will work with the CCP Engineer 

to further evaluate and determine the appropriate repairs and whether 

deployment of contingent containment measures or additional notifications is 

necessary.  This condition IS NOT considered a safety emergency and will not 

require activation of this EAP. 

 

2. On-Site Uncontained Condition (Condition Orange) - CCR material has been 

released from the CCR unit but can be contained on-site.  Immediate remedial 

action is required to prevent further migration of CCR material.  The Construction 

Manager and the CT Manager will make the required TVA and appropriate 

external notifications identified in Section 4.2.  The local responders will be 

notified of the condition, but no action will be required from the external agencies.  

This condition IS NOT considered a safety emergency and will not require 

activation of this EAP. 

 

3. Off-Site Uncontained Condition (Condition Red) – A significant impoundment or 

slope failure occurs which has the potential to result, or has resulted, in the off-

site migration of CCR material.  The Construction Manager and the CT Manager 

will make the required TVA and appropriate external notifications identified in 
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Section 4.2. This condition IS considered a safety emergency and requires 

activation of this EAP. 
 
4.0  Roles and Responsibilities and Notification Procedures 
 
According to § 257.73(a)(3)(i)(B), the EAP must define responsible persons, their 

respective responsibilities, and the notification procedures in the event of a safety 

emergency involving the CCR unit. 

 

4.1 Responsible Persons and Their Responsibilities 
 

The following section describes the responsible persons and their respective roles and 

responsibilities under the EAP. 

• CT Manager – Responsible for notifying the TVA corporate emergency response 

operations staff and external agencies as required by the Site Emergency 

Response Procedures (SERP) and as identified in Section 4.2 and Appendix 2.  

Coordinates with Construction Manager. 

• Construction Manager – Responsible for on-site response including initial 

assessment, notifications as identified in Appendix 2, and Contractor oversight.  

Serves as the primary interface with the CT Manager. 

• TVA Strategic Asset Program Manager – Responsible for coordinating the 

engineering response to an incident and assisting the Construction Manager in 

notifications and emergency response resources.   

• CCP Engineer – Responsible for conducting field evaluations to verify 

containment, assess stability, and the potential for continued or future CCR 

discharges. 

 

4.2 Notification Procedures 
 
In the event of a real or potential safety emergency condition being identified, the 

notification flow chart provided in Appendix 2 will be followed.  Communication and 



  

TVA Colbert Fossil Plant  CCR Unit Emergency Action Plan  
   

4 

coordination with outside agencies will be through the CT Manager.  The CT Manager 

has plant specific site emergency response procedures for each of these notifications.  

Access to the unit, staging areas, and communications will be arranged and coordinated 

through this interface. Specific tasks that the CT Manager will perform with coordination 

from the Construction Manager in the event of a safety emergency include: 

 

• Activate internal alarms and hazard communication system to notify plant 

personnel. 

• Notify required response personnel. 

• Identify the character, source, amount and extent of the release, as well as any 

other items needed for notification. 

• Notify and provide necessary information to the appropriate Federal, State and 

local authorities in accordance with TVA site specific emergency procedure CCT-

EP-35.001. 

• Assess the possible hazards to human health and the environment due to the 

release. 

• Assess and implement prompt removal actions to contain the CCR material. 

• Coordinate rescue and response actions previously arranged with all response 

personnel. 

• Coordinate activities for setting up the incident command, if needed. 
 
 
5.0 Contact Information of Emergency Responders 
 
In accordance with § 257.73(a)(3)(i)(C), the EAP must provide the contact information of 

emergency responders. 

 

The contact information for emergency responders is provided below: 

• TVA Colbert CT Manager – (256) 627-0893 

• Colbert County Emergency Management Agency (EMA) – (256) 381-0911 

• Colbert County Warning Point – (256) 381-0911 
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6.0 Meetings/Exercises 
 
Per Rule § 257.73(a)(3)(i)(E), the EAP must include provisions for an annual face-to-

face meeting or exercise between representatives of the owner or operator of the CCR 

unit and the local emergency responders. 

 

Annual face-to-face meetings shall be conducted between representatives of TVA 

responsible for safety emergency response for the unit and the local emergency 

responders.   

 

Records of such meetings or exercises will be incorporated into the operating record as 

described in Section 7.0. 

 

7.0 Records 
 
TVA will comply with all recordkeeping and notification requirements specified in 40 

CFR 257.105, 257.106, and 257.107.  The following records are maintained in an 

electronic auditable database for the unit’s operating record and made publicly available 

through the ”CCR Rule Compliance Data and Information” website.   

 

• EAP and any revisions to the EAP. 

• Documentation recording the annual face-to-face meeting or exercise 

between representatives of the owner/operator of the CCR unit and local 

emergency responders. 

• Any activations of the EAP. 

 

Notification of additions to the operating record must be sent to the Alabama Solid 

Waste Program within 30 days of being placed in the operating record. 
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8.0 Amendments/Modification 
 
Per Rule § 257.73(a)(3)(ii), the owner or operator of a CCR unit may amend the written 

EAP at any time and must amend the written EAP whenever there is a change in 

conditions that would substantially affect the EAP in effect.  The revised EAP must be 

placed in the facility’s operating record as required by § 257.105(f)(6).  The written EAP 

must be evaluated at a minimum every five years to ensure the information required in § 

257.73(a)(3)(i) is accurate.  Additionally, pursuant to § 257.73(a)(3)(iii), if the owner or 

operator determines that the CCR until is no longer classified as either a high hazard or 

significant hazard potential CCR surface impoundment, then the owner or operator is no 

longer required to maintain a written EAP beginning on the date when the periodic 

hazard potential assessment documentation is placed in the facility’s operating records 

as required by § 257.105(f)(5). 

 
If it is concluded in a periodic hazard potential assessment that this unit is no longer 

classified as a significant or a high hazard potential CCR surface impoundment, then 

the unit is no longer subject to the EAP requirements. 

 

This EAP must be evaluated every five years at a minimum, but will be reviewed and 

evaluated annually as a matter of TVA policy.  Additionally, the EAP will be amended in 

the event of a change of conditions that would substantially affect the EAP.  As 

necessary, the EAP will be updated and the revised EAP will be placed in the facility’s 

operating record as required by 40 CFR 257.105(f)(6).  Amendments and modifications 

to the EAP will be recorded as described in Section 7.0. 
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NOTIFICATION FLOW CHART 
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Stability and Safety Factor Assessments 

 

Periodic Structural Stability Assessment by Stantec dated October 12, 2021 

Post Closure Safety Factor Assessment Report Colbert Fossil Plan Ash Disposal Area 4 by GEI 
dated December 7, 2021 

 

  



 

Stantec Consulting Services Inc. 
3052 Beaumont Centre Circle, Lexington, KY 40513       
      

 

October 12, 2021   
File: rpt_013_let_175568465  
Revision 0 

Tennessee Valley Authority 
1101 Market Street  
Chattanooga, Tennessee 37402 
 
RE: Periodic Structural Stability Assessment 
 Ash Disposal Area 4 
 EPA CCR Rule 
 TVA Colbert Fossil Plant 
 Colbert County, Alabama  

 

1.0 PURPOSE 

This letter documents certification that the Ash Disposal Area 4 at the Tennessee Valley Authority 
(TVA) Colbert Fossil Plant is in compliance with the structural stability requirements set forth in 40 CFR 
257.73(d) of the EPA CCR Rule. The EPA CCR Rule requires periodic structural stability assessments, 
certified by a professional engineer, every five years. The initial certification of structural stability was 
placed in the operating record October 14, 2016. 

2.0 INITIAL STRUCTURAL STABILITY ASSESSMENT 

The initial structural stability assessment is attached. The result of the initial assessment was that Ash 
Disposal Area 4 complied with 40 CFR 257.73(d). 

3.0 CURRENT STRUCTURAL STABILITY ASSESSMENT 

Stantec reviewed the result of the initial structural stability assessment and the changes in the site 
conditions that have occurred in the past five years. Stantec also visually observed current site 
conditions during a site reconnaissance held on June 21, 2021. The following items summarize 
changes that have occurred:  

1. Ash Disposal Area 4 has been capped and closed and the area is no longer designed to 
impound surface water. The site is graded to convey stormwater to the north and south of 
the impoundment. Stormwater discharges through a 30-inch diameter HDPE culvert (north) 
and a 36-inch diameter HDPE culvert (south).    

2. Cross-sectional geometry of the perimeter dike system has not changed. 

3. Flood levels of adjacent Cane Creek have not changed. 



October 12, 2021 
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Re: Periodic Structural Stability Assessment 
 Ash Disposal Area 4 
 EPA CCR Rule 
 TVA Colbert Fossil Plant 
 Colbert County, Alabama  
 
 

4. Annual and weekly inspections conducted since 2015 were reviewed as part of this 
assessment. No areas of interest were identified that would warrant remediation of deficient 
stability conditions.   

5. Monthly instrumentation (i.e., piezometer) monitoring conducted since 2015 has been 
reviewed and the phreatic condition at the critical cross section has reduced or remained 
consistent. 

6. The perimeter dike and spillway structure were visually inspected during the site 
reconnaissance and no deficiencies were found that would negatively affect the structural 
stability assessment. 

Based on our review, there are no conditions that have changed in the past five years that would 
cause the results of the initial structural stability assessment to have changed. 

4.0 SUMMARY OF ASSESSMENT 

Based on review of the initial structural stability assessment and the items listed in Section 3.0, the 
result of this periodic structural stability assessment is that the Ash Disposal Area 4 at Colbert meets 
the requirements of §257.73(d) of the EPA CCR Rule. 

  



October 12, 2021 
Page 3 of 3  

Re: Periodic Structural Stability Assessment 
Ash Disposal Area 4 
EPA CCR Rule 
TVA Colbert Fossil Plant 
Colbert County, Alabama  

5.0 QUALIFIED PROFESSIONAL ENGINEER CERTIFICATION 

I, Robert D. Fuller, being a Professional Engineer in good standing in the State of Kentucky, do 
hereby certify, to the best of my knowledge, information, and belief: 

1. that the information contained in this certification is prepared in accordance with the
accepted practice of engineering;

2. that the information contained herein is accurate as of the date of my signature below;
and

3. that this periodic structural stability assessment for the TVA Colbert Fossil Plant’s Ash Disposal
Area 4 meets the requirements specified in 40 CFR 257.73(d)(1)&(2).

SIGNATURE DATE _______________ 

ADDRESS: Stantec Consulting Services Inc. 
3052 Beaumont Centre Circle 
Lexington, Kentucky 40513  

TELEPHONE: (859) 422-3000 

ATTACHMENTS: Initial Structural Stability Assessment Report 

10/12/2021
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AECOM 
564 White Pond Drive 
Akron, OH 44320-1100 
www.aecom.com 

330-836-9111 tel 
330-836-9115 fax 

December 9, 2016 
 
Tennessee Valley Authority 
1101 Market Street 
Chattanooga, Tennessee 37402 
 

Initial Structural Stability Assessment 
Ash Disposal Area 4   
EPA Final CCR Rule 
TVA Colbert Fossil Plant 
Drakesboro, Kentucky  
 
1.0 PURPOSE 
This letter documents AECOM’s certification of the initial structural stability assessment for the TVA 
Colbert Fossil Plant’s Ash Disposal Area 4. Based on this assessment, Ash Disposal Area 4 complies 
with the structural stability requirements in the Final CCR Rule at 40 CFR 257.73(d). 
 
2.0 INITIAL STRUCTURAL STABILITY ASSESSMENT 
As described in 40 CFR 257.73(d), documentation is required on whether Ash Disposal Area 4  has 
been designed, constructed, operated, and maintained according to the structural stability 
requirements listed in the section. The combined capacity of all spillways must also be designed, 
constructed, operated, and maintained to adequately manage flow from the 1000-year storm event 
based upon a hazard potential classification of “significant.”  

 
3.0 SUMMARY OF FINDINGS 
The attached report presents the initial structural stability assessment of Ash Disposal Area 4 . The 
results show that the impoundment meets the structural stability requirements set forth in 40 CFR 
257.73(d)(1)-(2). 

 
 

Remainder of page intentionally left blank. 
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1.0 PROJECT BACKGROUND 
On April 17, 2015, the “Disposal of Coal Combustion Residuals (CCR) from Electric Utilities” 
(EPA Final CCR Rule) was published in the Federal Register.  AECOM has been contracted by 
the Tennessee Valley Authority (TVA) to analyze the Structural Stability of the Colbert Fossil 
Plant’s CCR surface impoundments (SI) and evaluate compliance with §257.73 of the EPA Final 
CCR Rule. 

As required by §257.73 of the EPA Final CCR Rule, an initial structural integrity evaluation must 
include an initial structural stability assessment for each existing CCR surface impoundment 
that meets the conditions of paragraph (b) as follows: 

1. Has a height of five feet or more and a storage volume of 20 acre-feet or more or  
2. Has a height of 20 feet or more.   

Ash Disposal Area 4 meets the first criterion. The location of Ash Disposal Area 4 is shown in 
Figure 1. 

 

 

Figure 1: Site Location Plan 
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2.0 STRUCTURAL STABILITY ASSESSMENT - §257.73(d)(1) 
40 CFR 257.73(d)(1). Periodic structural stability assessments. (1) The owner or operator of the 

CCR unit must conduct initial and periodic structural stability assessments and document 
whether the design, construction, operation, and maintenance of the CCR unit is consistent 
with recognized and generally accepted good engineering practices for the maximum 
volume of CCR and CCR wastewater which can be impounded therein. The assessment 
must, at a minimum, document whether the CCR unit has been designed, constructed, 
operated, and maintained with: 

(i) Stable foundations and abutments; 

(ii) Adequate slope protection to protect against surface erosion, wave action, and adverse 
effects of sudden drawdown; 

(iii) Dikes mechanically compacted to a density sufficient to withstand the range of loading 
conditions in the CCR unit; 

(iv) Vegetated slopes of dikes and surrounding areas, except for slopes which have an 
alternate form or forms of slope protection; 

(v) A single spillway or a combination of spillways configured as specified in paragraph 
(d)(1)(v)(A) of this section. The combined capacity of all spillways must be designed, 
constructed, operated, and maintained to adequately manage flow during and following 
the peak discharge from the event specified in paragraph (d)(1)(v)(B) of this section. 

(vi) Hydraulic structures underlying the base of the CCR unit or passing through the dike of 
the CCR unit that maintain structural integrity and are free of significant deterioration, 
deformation, distortion, bedding deficiencies, sedimentation, and debris which may 
negatively affect the operation of the hydraulic structure; and 

(vii) For CCR units with downstream slopes which can be inundated by the pool of an 
adjacent water body, such as a river, stream or lake, downstream slopes that maintain 
structural stability during low pool of the adjacent water body or sudden drawdown of the 
adjacent water body. 

2.1 FOUNDATIONS AND ABUTMENTS - §257.73(d)(1)(i) 
The geology of Colbert Fossil Plant is underlain by the Tuscumbia Limestone formation. The 
Tuscumbia Limestone is of Mississippian age and consists of light to medium gray, fine- to 
medium-grained fossiliferous (primarily crinoid stems), cherty limestone. Chert occurs as light 
gray to dark bluish gray, sub-rounded nodules in layers throughout the unit. Cherty layers are 
laterally discontinuous, and no marker beds exist in the formation. Fractures occur commonly 
within the Tuscumbia Limestone. Horizontal fractures along bedding planes are the most 
common orientation. No faults were detected on or in the vicinity of the site.  

The soils primarily consist of residual clays including silty clays and moderate to high plasticity 
clays. Chert fragments generally increase near the bedrock interface. Additionally, alluvial 
deposits can be encountered near Cane Creek.  
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An inspection of Ash Disposal Area 4 was completed in 2016.  Based on the report, no evidence 
of structural weakness of the unit was observed.  No significant signs of tension cracking, 
settlement, depressions, erosion, and/or deformations at the crest, slope and toe of dikes were 
observed.  The stability of the slopes has been confirmed through TVA’s Instrumentation 
Program and the Initial Safety Factor Assessment. No boils or major uncontrollable seepage 
areas was observed along slopes or toes of the dikes. 

Also, an assessment of seepage conditions for Ash Disposal Area 4 including an evaluation of 
piping potential of the foundation material was performed.  Seepage analyses were performed 
at a critical cross section (Cross-Section D-D’) on the eastern embankment using Geoslope, 
Inc.’s SEEP/W software.  The modeled cross section is shown in Appendix B. Vertical 
gradients were determined near the toe of the outboard slope.  A determination of critical, 
vertical exit gradients was performed following established sources (including Terzaghi and 
Peck, USACE EM 1110-2-1901, and USBR Design Standard No. 13 Embankment Dams).  
Seepage exit gradients determined from the analysis were compared with the critical gradient to 
calculate a safety factor against piping.  For the analyzed cross section, the minimum computed 
safety factor against piping was calculated to be 3.9 which exceed the recommendations of 
between 1.5 and 3.0 stated in USACE EM 1110-2-1901. Based on existing analytical data and 
results, the existing embankments and foundation materials are performing acceptably in regard 
to piping potential in comparison to current criteria. 

2.2 SLOPE PROTECTION - §257.73(d)(1)(ii) 
The inboard slope along of the dike is armored with riprap, serving as erosion protection along 
the water line. The crest and the toe of the dike serve as access roads, both having a stone 
surface. The downstream slopes are primarily covered with well-maintained grassy vegetation, 
except where covered by stone.  

An Intermediate Inspection of CCR Facilities at Colbert Fossil Plant which included the Ash 
Disposal Area 4 was performed in May 2016. Based on this inspection, the slopes were 
reported as being generally covered with either maintained grass or riprap; no trees or large, 
bushy vegetation were present on the slopes. No evidence of burrowing animals was observed. 
No evidence of actual or potential structural weakness of the inspected units was observed. 

Storm water travel along the dike slopes will not cause erosive effects based on the current 
slope protection and condition.  Pond water will not overtop the dike crest during a 1,000-year 
storm event. No additional slope protection is required based on anticipated erosive flows. 

More information on the assessment of slope protection can be found in the 2016 Intermediate 
Inspection of CCR Facilities and the attached Photos.   

2.3 EMBANKMENT DIKE COMPACTION - §257.73(d)(1)(iii) 
The dike which forms Ash Disposal Area 4 is approximately 6700 feet in length and consists of 
an original and raised dike. The Dike ranges in height from approximately 20 to 40 feet in 
height, with the original perimeter dike being constructed to 440 feet MSL and the raised dike to 
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460 feet MSL.  The raised portion was completed to the upstream of the original crest and is 
partially founded on ash.   

Construction documents from the initial Ash Disposal Area 4 construction in 1972 include 
sections and notes for both the original and raised dikes. Such construction documents note 
that the fill was to be compacted to at least 95% of standard compaction maximum density, and 
have moisture content with no more than 2% above optimum, as determined by laboratory 
testing.  

Construction documents noting the methods of embankment dike compaction can be found in 
the History of Construction Report prepared for CCR Certification by AECOM. 

2.4 VEGETATED SLOPES - §257.73(d)(1)(iv) 
The downstream slopes of Ash Disposal Area 4 are vegetated with well-established and 
maintained grass except were riprap or stone is present. The impoundment is free from brushy 
and tree like vegetation, with trees in several locations having been removed in 2009. 

An Intermediate Inspection of CCR Facilities at Colbert Fossil Plant which included the Ash 
Disposal Area 4 was performed in May 2016. This report states that a good stand of grass is 
generally maintained on the slopes of the perimeter dikes. No evidence of burrowing animals 
was observed. No evidence of actual or potential structural weakness of the inspected units was 
observed. 

More information on the assessment of vegetated slopes can be found in the 2016 Intermediate 
Inspection of CCR Facilities and the attached Photos. 

2.5 SPILLWAY CONDITION AND CAPACITY - §257.73(d)(1)(v) 
Under existing conditions, the drainage area for Ash Disposal Area 4 is approximately 52 acres. 
The drainage area consists of only the impoundment area as there are no run-on flows from 
outside of the pond’s perimeter dikes. The COF ceased coal burning operations on March 23, 
2016.  As a result, bottom ash is no longer sluiced to Ash Disposal Area 4.  Ash Disposal Area 4 
is considered to be an inactive surface impoundment and closure activities are scheduled to 
begin during December 2016. 

During operations, water flowed through an open channel along the bottom ash stack and into 
the main impoundment area. From the main impoundment area, water flowed through a section 
of the internal divider dike and into the stilling area. Water then discharged through the spillway 
and into a concrete channel that leads to Cane Creek, located north of the impoundment. In 
May 2016, all stop logs were removed from the spillway structure to lower the pond operating 
level. Currently a water elevation (ELE 449) lower than the spillway inverts is maintained 
through the usage of siphons and pumps.   

More information on the existing Ash Disposal Area 4 operations can be found in the History of 
Construction Report prepared for CCR Certification by AECOM and the attached Photos. 
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An H&H computer model was developed using HEC-HMS to examine the hydraulic behavior of 
the Ash Disposal Area 4 complex during the Inflow Design Flood (IDF). The required IDF used 
in the model calculation is based on the pond’s hazard classification. Since the Ash Disposal 
Area 4 was classified as a significant hazard, the required IDF is a 1,000-year flood.  

All structure dimensions and invert elevations are modeled using the best available information 
under current operating conditions of the COF Plant. Existing topographic and survey 
information for the Ash Disposal Area 4 was provided by TVA. Drainage areas, volumes, and 
other site geometry were determined using the AutoCAD Civil 3D software package in 
conjunction with survey data provided by TVA  

The modeling results indicate the Ash Disposal Area 4 would not overtop the dike crest during a 
1,000-year design storm. The freeboard for the Ash Disposal Area 4 during this storm event is 
adequate.    

More information on the assessment of spillway capacity can be found in the Initial Inflow 
Design Flood Control Plan prepared for CCR Certification by AECOM. 

2.6 SPILLWAY STRUCTURAL INTEGRITY - §257.73(d)(1)(vi) 
The Ash Disposal Area 4 spillway device consists of four chambers with stop log weirs in the 
pond and the associated outlet headwall located near the toe of the pond embankment. The 
spillway structure was constructed by cast-in-place concrete with each of the four chambers 
being approximately 9’-4” wide, 5’-4” deep, and 7’-0” in height. The front wall incorporates a stop 
log weir of adjustable height. A davit arm hoist is mounted on the top of the structure to 
add/remove stop logs as necessary to adjust the weir elevation.   

Also affixed to the front of each chamber is a skimmer structure consisting of a half circle 
corrugated metal pipe at 96” in diameter. 27” HDPE pipes run from the rear wall of the spillway 
chambers, through an underground filter diaphragm, and out the headwall structure at the toe of 
the embankment.  The headwall is 4’-0” tall and 31’-0” in length with 13’-0¾” long wingwalls on 
both ends, turned in at 60°. The headwall sits on a large concrete slab, which has 12” high sills 
for energy dissipation.  The pond water flowing from the headwall flows into a culvert beneath 
an access road into a concrete lined discharge channel to Cane Creek.   

Refer to the Construction Documents in the History of Construction Report prepared for CCR 
Certification by AECOM for additional information on the existing spillway structures.  

2.6.1 SITE INSPECTION AND FINDINGS 
On February 18, 2016, AECOM conducted a site inspection to evaluate the condition of the Ash 
Disposal Area 4 spillway structure. The inspection was performed from the shore of pond 4 and 
from the pedestrian grates mounted on top of the spillway chambers.  The water elevation of 
Pond 4 was not lowered for additional inspection access.  Likewise, the headwall was inspected 
from the soil behind the headwall, as well as from a nearby timber access platform.  The 
inspection was visual and non-destructive. Conditions for all four chambers were in similar 
condition.  
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2.6.1.1 Spillway Chamber Concrete 

No evidence of concrete delamination or spalling was present on the exposed spillway chamber 
concrete.  Minor hairline cracking, likely associated with initial shrinkage, is present, but poses 
no structural concern. There is staining inside the chambers, likely occurring from storm events, 
but does not appear to be deteriorating the concrete (Photo 7).  The chamber appears to be 
functioning adequately. 

2.6.1.2 Skimmers, Bracing, and Connections 

The skimmer devices exhibit surface rust on the corrugated metal pipes, associated steel 
bracings, and skimmer mount connection angles (Photos 8 and 10).  Surface rust has not 
caused any weakness or loss of material at this time. There was a noticeable kink in one of the 
skimmer bracing rods in the southernmost chamber, most likely from construction when two rod 
pieces may have been spliced together (Photo 9). Neoprene dampening shims were installed to 
mount the skimmer devices between the bolted angle plate and the headwall. The neoprene 
shims caused the angle not to be seated squarely on the concrete face (Photo 12). This 
connection still appears to be functioning adequately. 

2.6.1.3 Stop Logs, Guides, and Connections 

The stop logs are used to establish the weir elevation for the pond water have mineral deposits 
and algae on their surface, but does not appear to be causing any issues at this time (Photo 
14).  

The stop log guides consist of a light gauge angle and channel welded together. Sliding 
surfaces with neoprene gaskets are bonded to the inside of the channels. The bonding agent 
has begun to break down, and the sliding surfaces have pulled away from channel flanges 
(Photo 15). This may cause some difficulty in sliding additional stop logs down from the top.  
Neoprene dampening shims were installed between the angle legs and the concrete faces with 
holes for the anchors to pass through.  These shims were placed correctly and are remaining in 
place and in good condition. 

2.6.1.4 Pedestrian Grating, Railings and Crane 

The pedestrian railing and grating is in excellent condition with only a few minor spots of surface 
rust (Photo 16).  The two davit arm hoist baseplates used to raise and lower stop log sections 
into the spillway chambers were not tested for operation, but all components appear to be in 
good condition. 

2.6.1.5 Outlet headwall 

The outlet structure is generally in very good condition. There are no signs of forward rotation or 
sliding. There is no significant soil erosion occurring behind the headwall or wing walls (Photos 
3 and 4). There is a small amount of concrete deterioration at the end of the northern wing wall, 
but does not appear to be the type of spalling that is associated with rebar corrosion (Photo 17).  

There is minor vertical cracking with efflorescence above the 27” dia. HDPE pipe openings 
(Photo 18) and mineral buildup below the two 4” HDPE pipes exiting the headwall (Photo 19), 
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but neither affect function, nor pose any structural concern.  The energy dissipation sills are in 
good condition with no signs of erosion.   

See the attached Photos for typical conditions of the spillway device.   

2.6.2 STRUCTURAL ASSESSMENT  
The riser structures were evaluated for two different limit states.  The first is associated with 
regularly occurring reservoir levels.  The critical condition for floatation of the riser structures 
occurs when the reservoir level is near the top of the riser structures, but water is not flowing 
over. It was assumed that the riser structures were not filled with water. The buoyant force is 
acting on the outside, but the riser structures are not filled with water.  The critical condition for 
bearing capacity at the base of the riser structures is when the risers are filled with water. 
Sliding and overturning moment were not checked for this limit state because the structure is 
subjected to equalized hydrostatic pressure. 

The second limit state is associated with loading under the 1,000-year storm event.  Evaluation 
for this flood event is required for a significant hazard potential unit per rule §257.73(d).  It has 
been determined that the 1,000-year storm event will not likely overtop the pond, so there will 
not be a flow velocity on the side of the riser structures. At this state, the structural stability was 
once again checked with regard to floatation, sliding, moment equilibrium, and bearing capacity.  
Various parts of the structure were again checked to ensure adequate structural capacity.   

The headwall was evaluated for only one limit state.  The phreatic surface is below the footing 
slab under normal conditions, and will not rise appreciably for the 1000 year flood.  Therefore, 
groundwater will not affect the design, and the same analysis will apply for the normal operating 
conditions and the flood event.  The concrete lined discharge channel tail water could rise and 
submerge the headwall, but any buoyant force generated would be counteracted by water 
above the footing slab.  The headwall structure stability was checked with regard to sliding, 
moment equilibrium, and bearing capacity, and various parts of the structure where checked for 
capacity. 

It should be noted that no live load surcharge was applied to the rear wall of the spillway 
structure for the analyses.  Haul trucks travel the perimeter road behind the spillway, but the 
road is far enough from the spillway to effectively reduce any live load surcharge.   

The existing structures satisfy the factor of safety requirements for both limit states under each 
condition evaluated. 

See Appendix A for the results for each limit state including the associated calculations, 
structure geometry and material properties. 

2.7 SUDDEN DRAWDOWN - §257.73(d)(1)(vii) 

The Sudden Drawdown Assessment does not apply to the Ash Disposal Area 4. Currently water 
level is maintained at an elevation lower than the inverts of the spillway outlet via a siphon 
structure. The stop log weirs of the outlet structure have also been removed.  
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3.0 CONCLUSION 
Based on the initial structural stability assessment, the requirements of Rule §257.73(d)(1) for 
the Ash Disposal Area 4 have been met. 
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Photo 1 – Aerial View of Spillway and Headwall 

 

 

Photo 2 – Spillway Structure 
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Photo 3 – Headwall 

 

 

Photo 4 – Culvert Beneath Access Road 



 

Photo 5 – Culvert Discharging into Concrete Lined Channel 

 

 

Photo 6 – Concrete Lined Channel 



 

Photo 7 – Typical Concrete Wall Staining 

 

 

Photo 8 – Typical Skimmer Rust 



 

Photo 9 – Kink at Splice in Bracing Rod 

 

 

Photo 10 – Typical Rust on Bracing Rods 

 



 

Photo 11 – Typical Surface Rust on Connection Angles 

 

 

Photo 12 – Typical Improper Angle Seating 



 

Photo 13 – Neoprene Shim Fallen Out of Connection 

 

 

Photo 14 – Typical Algae and Mineral Deposits on Stop Logs 

 



 

Photo 15 – Typical Bonding Agent Failure 

 

 

Photo 16 – Pedestrian Grating and Railing 

 



 

Photo 17 – Minor Concrete Deterioration at End of Northern Wingwall 

 

 

Photo 18 – Typical Cracking with Efflorescence above 27” HDPE Openings 



 

Photo 19 – Typical Mineral Buildup beneath 4” HDPE Openings 

 

 

 

 



  

 

 

 

 

 

APPENDIX A 
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APPENDIX B 
GEOTECHNICAL CROSS SECTION  
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Colbert Fossil Plant
Ash Pond 4

Steady-State Seepage Analysis
Long-Term Existing Conditions
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EL 414 ft

Ash Pond 4
EL 449 ft
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Color Name Model Sat Kx
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Volumetric
Water
Content
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Native Clay (Saturated) Saturated Only 3e-006 0.1 0.37

Upper Clay Dike (Saturated) Saturated Only 3e-009 0.4 0.4

Lower Clay Dike (Saturated) Saturated Only 1.5e-009 0.02 0.37

Sluiced Ash (Saturated) Saturated Only 4e-005 0.1 0.46

Bedrock (none)

Native Sand (Saturated) Saturated Only 1e-005 0.5 0.46

Granular Fill Saturated Only 1e-005 0.5 0.15

Date: 11/30/2016
Contour parameter: Total Head ft
Method: Steady-State

Project #:  60452541
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Total Head:  414.000 ft
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Exit gradient:  i(exit) = ΔH/ΔL = 0.24
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At (-81.84,413.89)
Total Head:  414.263 ft

Sluiced Ash

Upper Clay Dike

Lower Clay Dike

Granular Fill

Native Clay

Native Sand



 

Post-Closure Safety Factor 
Assessment Report 
Colbert Fossil Plant Ash Disposal Area 4 
Tuscumbia, Alabama 

Submitted to:  
Tennessee Valley Authority 
1101 Market Street 
Chattanooga, TN  37402 

Submitted by: 
GEI Consultants, Inc. 
400 Unicorn Park Drive 
Woburn, MA  01801 
781-721-4000 

December 7, 2021 
Project 2100946 
 
 
 
 
 
                      
        James Nickerson 
        Project Manager 
 
 
                      
        William H. Walton, P.E. (AL), S.E.    
        Senior Vice President       

 

Consulting 

Engineers and 

Scientists 



Post-Closure Safety Factor Assessment Report 
Colbert Fossil Plant Ash Disposal Area 4 
Tuscumbia, Alabama 
December 7, 2021 
 

GEI Consultants, Inc.  i 

Table of Contents 

Executive Summary iii 

1. Introduction 1 
1.1 Purpose 1 
1.2 Site Description 1 
1.3 Elevation Datum, Horizontal Coordinates and Stationing Systems 2 

2. Subsurface Conditions 3 
2.1 Site Geology 3 
2.2 Subsurface Explorations 3 
2.3 Subsoil Strata Descriptions 3 

2.3.1 Loose Sluiced Ash 4 
2.3.2 Upper and Lower Dike 4 
2.3.3 Native Alluvial Clay 4 
2.3.4 Native Alluvial Sand and Silt 4 
2.3.5 Epikarst Anomaly Area 5 
2.3.6 Tuscumbia Limestone 5 

2.4 Piezometric and Phreatic Conditions 6 

3. Stability Improvements 7 
3.1 East Dike DMM Wall 7 
3.2 Cane Creek Realignment and East Dike Buttress 7 
3.3 West Dike Stability Berm 7 

4. Static and Seismic Evaluation Criteria 8 
4.1 General 8 
4.2 Evaluation Guidance Documents 8 
4.3 Technical Approach 9 
4.4 Design Basis Earthquake 9 
4.5 Liquefaction Screening and Triggering Evaluation 9 

5. Design Methodology and Supporting Analyses 11 
5.1 Evaluation Cross Section Locations 11 
5.2 Soil Properties for Stability Analyses 11 
5.3 Stability Analyses 11 
5.4 Stability Results 12 

 

Tables 
1. Subsurface Exploration Programs 
2. Summary of Material Properties  



Post-Closure Safety Factor Assessment Report 
Colbert Fossil Plant Ash Disposal Area 4 
Tuscumbia, Alabama 
December 7, 2021 
 

GEI Consultants, Inc.  ii 

Figures 
1. Site Location Map 
2. Aerial Site Location Plan 
3. Exploration Location Plan 
4. Site Plan and Section Locations 
5. Phreatic Surfaces at the East Dike 

Appendices 
A. Soil Strength Parameters 
B. Post-Closure Stability Analyses 
 

 



Post-Closure Safety Factor Assessment Report 
Colbert Fossil Plant Ash Disposal Area 4 
Tuscumbia, Alabama 
December 7, 2021 
 

GEI Consultants, Inc.  iii 

Executive Summary 

This report documents the stability safety factors for Ash Disposal Area 4 (also called Ash 
Pond 4) at the Colbert Fossil Plant in its final configuration and demonstrates the perimeter 
dikes meets the Alabama Department of Environmental Management (ADEM) required 
safety factors for static conditions and earthquake conditions using the peak ground 
acceleration for a seismic event with a 2% probability of exceedance in 50 years, equivalent 
to a return period of approximately 2,500 years. 

In summary, perimeter dikes for Ash Disposal Area 4 are stable for static and seismic loading 
conditions.  They satisfy federal, state and TVA required factor of safety for slope and 
foundations storing Coal Combustion Residuals (CCR). 

Load Case 

Analysis Section 

E 
(East) 

J 
(East) 

14+50 
(West) 

Static Factor of Safety under long-term, maximum storage 
pool loading conditions (≥ 1.50 Reqd.) 2.09 2.18 2.87 

Static Factor of Safety under maximum surcharge pool loading 
condition (≥ 1.40 Reqd.)1 N/A N/A N/A 

Seismic Factor of Safety (≥ 1.00 Reqd.) 1.21 1.05 1.19 

Post-EQ (liquefaction stability) Factor of Safety (≥ 1.20 Reqd.) 1.21 2.00 1.29 

Note: 
1. The ash pond is capped and closed and no longer impounds surface water.  The pond has 

been graded and capped to provide positive surface water runoff.  Therefore, the static factor 
of safety under maximum surcharge pool loading condition is not applicable. 
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1. Introduction 

1.1 Purpose 

The purpose of this report is to document that the final configuration of the closed and 
capped Colbert Fossil Plant (COF) Ash Disposal Area 4 (also called Ash Pond 4) unit meets 
the ADEM required static and seismic stability factors of safety after an approximate 
2,500-year design earthquake event. 

1.2 Site Description 

The COF is in northwestern Alabama, approximately eight (8) miles east of Tuscumbia in 
Colbert County.  The COF site is adjacent to the southern bank of the Tennessee River as 
shown in Fig. 1.   

Ash Disposal Area 4 covers an area of approximately 52 acres and is enclosed by perimeter 
clay fill dike approximately 6,700 feet in total length along the crest, as shown in Fig. 2.  The 
East Dike is about 2,700 linear feet long and the toe of the East Dike is adjacent to Cane 
Creek, which flows to the north into the Tennessee River.  The normal water level in the 
Cane Creek is at about elevation (El.) 414 (feet) adjacent to the site.  The top of stream bank 
of the creek or flood plain near the toe of the East Dike ranges from about El. 415 to El. 425.  

Ash Disposal Area 4 was constructed in two phases.  The first phase consisted of compacted 
clay perimeter dikes up to 20 feet high, termed the lower starter dikes, with crest at El. 440.  
The lower dikes were constructed of compacted clay and silty sand and gravel.  The pond 
was designed to store sluiced fly ash from the power plant and was put into service in 1972.   

In 1984, the Phase 2 perimeter dike was raised an additional 20 feet, up to crest El. 460.  
The upper dikes were constructed of compacted clay using upstream methods, i.e., the upper 
dikes were constructed partially over the crest of the lower starter dike and partially over the 
sluiced fly ash retained by the lower dike.  The overall constructed height of the perimeter 
dike system varied from approximately 20 to 30 feet on the west side, to about 40 feet on the 
east side, adjacent to Cane Creek.  Dike downstream and upstream slopes were 
approximately 2.5H:1V to 3H:1V.  

During the 2000s, bottom ash was delivered hydraulically to the pond through an inflow 
pipeline and structure on the north portion of the west dike.  Coarse bottom ash material 
settled out in the sluicing area, which was separated from the main pond by a divider dike.  
The water then flowed into the main pond where it was retained before being discharged to 
Cane Creek using a NPDES permitted discharge channel as described below.  Water from the 
surface of the main pond flowed into the settling pond at the north end of the main pond over 
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a section of the divider dike between the main pond and settling pond that had been lowered 
to form a spillway.  Overflow discharge from the settling pond was through three (3) pipes 
that discharged to a riprap-lined channel that then discharged to a trapezoidal channel that 
leads to Cane Creek north (downstream) of the settling pond.  The southwest corner of the 
former ash pond is filled with stacked dry bottom ash.   

The Colbert Fossil Plant was shut down in March 2016 and TVA stopped placing ash in the 
pond in May 2016.  The pond was drained, re-graded, and capped with a geomembrane in 
early 2018.  

The Ash Disposal Area 4 facility has undergone multiple slope stability evaluations since 
2009 and remediation efforts to improve safety factors in accordance with federal and state 
safety factor criteria.  These stability improvements are described in Section 3 and are 
incorporated into the evaluations included in this Safety Factor Assessment report.  

1.3 Elevation Datum, Horizontal Coordinates and Stationing 
Systems 

Elevations cited in this report and shown on the figures and plans prepared for this project are 
referenced to the National Geodetic Vertical Datum of 1929 (NGVD29).  The horizontal 
coordinate system used for this project is the Alabama West region of the North American 
Datum of 1927 (NAD27).  Site benchmarks are controlled by TVA. 

The primary (long) axis of Ash Disposal Area 4 is oriented approximately north northwest 
(NNW) to south southeast (SSE) in terms of compass direction.  For this report, the primary 
axis is called North-South (N-S), and the main sections of the impoundment are called the 
east, north, south, and west dikes.  For reference, the East Dike for Ash Disposal Area 4 
parallels Cane Creek that flows from south to north.  

There was one baseline established for this project.  The baseline is located along the 
upstream end of the working platform constructed for the DMM stabilization walls, as shown 
in Fig. 3.  Sta. 0+00 for the DMM alignment is located near the former settling pond outlet 
pipe works at the north end of the pond.  Stationing proceeds in a clockwise direction around 
the former pond embankment, including the West Dike.   
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2. Subsurface Conditions  

2.1 Site Geology 

The site is underlain by Tuscumbia Limestone, a light grey hard limestone of Mississippian 
age, a sub-period of the Carboniferous.  Chert nodules commonly occur in the limestone.  
The bedded limestone plateau dips slightly to the south.  There are limestone outcrops along 
the east bank of Cane Creek and the south bank of the Tennessee River.  Limited karst and 
infilled epikarst features have been observed in test borings and exposed limestone outcrops 
on the Colbert Fossil Plant site.    

Overburden soils under Ash Disposal Area 4 typically consist of alluvial terrace deposits 
comprised of over-consolidated clay (by desiccation) underlain by relatively loose silty 
sands, sands, and gravels over sound limestone, except for one infilled epikarst anomaly area 
located in a limited area under approximately 325 ft of the East Dike.   

2.2 Subsurface Explorations 

Several recent subsurface exploration programs have been conducted around the perimeter of 
Ash Disposal Area 4 and in the Cane Creek floodplain to collect data for analysis of potential 
seismic behavior of the West and East Dikes and underlying native foundation soils and for 
design of seismic improvements.  A summary of the exploration programs is presented in 
Table 1 and the subsurface exploration locations are shown in plan on Fig. 3.   

2.3 Subsoil Strata Descriptions 

The soil layers encountered in the explorations by GEI and Stantec are described below, in 
general order of increasing depth.  Subsurface conditions were observed only at the standard 
penetration test borings and the piezocone penetrometer probes (CPT) locations.  Conditions 
between borings may differ significantly from those described below. 

In general, the subsurface soils encountered at Ash Disposal Area 4 include compacted upper 
and lower dike engineered fill soils and sluiced ash above native soils consisting of strata of 
native stiff clay and loose silt and sand limestone bedrock.  Along the West Dike and most of 
the East Dike, a thin layer of weathered bedrock (a few feet or less) was present over the 
limestone bedrock.  However, in a limited area of the East Dike a heterogenous epikarst layer up 
to 70 feet thick was encountered over limestone bedrock between about Sta. 11+50 to 14+75. 
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2.3.1 Loose Sluiced Ash 

Sluiced fly ash and bottom ash were encountered beneath the upper dike in borings drilled 
through the crest.  The borings typically encountered bottom ash overlying a lesser thickness 
of sluiced loose fly ash.  Historical documents indicate that the pond was initially used for 
disposal of fly ash in the past, in addition to the current bottom ash disposal.  Bottom ash 
samples generally had a gradation equivalent to well-graded sand with silt and gravel.  
Sluiced fly ash samples generally have a gradation equivalent to sandy silt and silt with sand.  
The ash materials are black due to coal residuals. 

For our analyses and design, we combined the sluiced fly ash and bottom ash into one layer 
called loose sluiced ash. 

2.3.2 Upper and Lower Dike  

The upper Phase 2 dike up to a crest El. 462 represents the most recent dike raising which 
occurred in 1984.  The top of Phase 1 dike was reportedly El. 440.  The upper dike fill 
materials are compacted clay soils with Unified Soil Classification System (USCS) 
classifications of CL and CH, and with textural descriptions of lean clay with sand and fat 
clay with sand.  The medium stiff to stiff clays are described as moist and predominately 
reddish brown in color, with occasional brown and tan mottling. 

The lower Phase 1 dike extends upward from the original native ground to approximate 
El. 440 (crest of the initial dike construction).  The lower dike soils generally consist of 
compacted sandy lean clay and lean clay with sand.  The compacted clays are predominantly 
reddish brown to brown.   

2.3.3 Native Alluvial Clay  

Under the dike fill was a layer of native clay was sometimes encountered below the fill 
materials.  The clay stratum consisted of a brown to gray lean clay with silt, though pockets 
of silt were observed.  Varying amounts of sand and traces of gravel were encountered in 
most of the samples.  Visual classifications of the soil indicated a silty clay, sandy silty clay, 
and silt, with Unified Soil Classification System (USCS) classifications of CL, CL-ML, and 
ML.  SPT blowcount N-values and pocket penetrometer readings of unconfined compressive 
strength of the clayey soils indicated consistencies ranging from very soft to stiff.  Little to 
no native clay was encountered in borings east of Cane Creek.  The thickness of the native 
clay layer west of Cane Creek along the East Dike increased in a north-to-south direction.  

2.3.4 Native Alluvial Sand and Silt 

Below the native clay, approximately 2 to 17 ft of native sand and silt was encountered.  This 
layer consisted of reddish brown to gray fine to medium sand with varying amounts of silt 
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and gravel.  Visual classifications of the soil indicated fine to medium sand, silty sand, and 
sandy silt, with the USCS classifications of SP, SP-SM, and SM.  SPT blowcount N-values 
of the soils indicated relative densities ranging from very loose to medium dense.  Most the 
fine to medium sand was loose and susceptible to liquefaction.  No native sands and silts 
were encountered in borings under the West Dike.  

2.3.5 Epikarst Anomaly Area 

Along the West Dike and most of the East Dike (approx. 6,700 linear feet), sound hard 
limestone bedrock was encountered immediately below the native sand and silt layer.  A thin 
layer of gravel or weathered rock was encountered in some of the borings above sound 
limestone bedrock.  However, in a limited portion under the East Dike, an infilled epikarst 
feature was encountered (between about Sta. 11+50 to 14+75).  In this area, designated the 
Epikarst Anomaly Area, borings encountered an approximately 400 ft diameter conical or 
funnel shaped feature that included up to about 70 feet of epikarst infill soil and rock blocks 
beneath the native sand and silt layer and above the top of sound limestone bedrock next to 
Cane Creek.  The epikarst infill consisted of a clay-like mixture of heterogeneous clay, 
gravelly clay, clayey gravel, and up to 7 ft of limestone rock, either layers or boulders of 
unweathered bedrock or boulders that have shifted into the anomaly area. 

2.3.6 Tuscumbia Limestone 

Bedrock generally consisted of gray limestone of the Tuscumbia formation.  The bedrock 
was nearly horizontally bedded.  The limestone under most of Ash Disposal Area 4was 
generally sound, with good recovery, and medium to very hard with slight to moderate 
weathering along existing fractures.   

The bedrock was cored in one (1) boring at the West Dike.  In addition, top of rock was 
likely indicated by refusal in the other nine (9) borings where rock was not cored.  Also, the 
limestone bedrock was cored in three (3) holes drilled at the west dike for installation of 
inclinometers.  Top of sound bedrock elevations ranged from approximately El. 420.8 to 
El. 410.5.   

Borings along the East Dike indicated top of limestone bedrock elevation outside of the 
anomaly area ranged from approximately El. 414 to 402, lower than top of rock along the 
West Dike.  Rock core recovery was high and the rock quality designation (RQD) values 
outside of the anomaly area ranged from 46 to 100 percent; with increasing RQD with depth.  

In the epikarst anomaly area, the top of sound hard limestone bedrock dropped to at least 
El. 330 in boring B19-7, which was abandoned prior to confirming the top of sound bedrock 
due to issues with the drilling casing and tooling.  RQD values within the anomaly area 
ranged from 7 to 100 percent with the values increasing with depth. 
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Borings performed by Barge (2020) encountered auger or Standard Penetration Test (SPT) 
blowcount refusal on bedrock east of Cane Creek at depths of 8 to 18 feet.  Three GEI 
borings performed east of Cane Creek in 2021 encountered bedrock at depths of 14.8 to 
15.9 ft.  Bedrock cores collected in the GEI borings had good recovery ratios and Rock 
Quality Designation (RQD) values of 54 to 100 percent with little weathering, implying 
competent horizontally bedded bedrock.  

2.4 Piezometric and Phreatic Conditions 

Prior to the pond closure, the static water level in the active Ash Disposal Area 4 was at 
about El. 453.  As part of the closure, surface water was dewatered, the pond areas were 
filled in and graded to provide positive drainage and a geomembrane cap was installed over 
the ash.  This geomembrane cap prevents surface water from infiltrating into the ash.   

Readings from instruments in the now-closed Ash Disposal Area 4show that the pore water 
pressures in the sluiced ash are lowering from the pre-closure El. 453 to El. 425 and 
continues to drop.  Fig. 5 shows the phreatic surface levels along the East Dike on a cross 
section at Sta. 12+50.  Shown in the figure are phreatic surfaces prior to closure and from 
January 2020.  Over time the pore water pressure in the loose ash should continue to reduce. 
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3. Stability Improvements 

Several improvements have been, or are being made at Ash Disposal Area 4 to improve 
stability of perimeter dikes.  These improvements have been incorporated into this 
computational Safety Factor Assessment: 

1. Installed deep soil-cement mix method (DMM) shear walls in 2016 bearing on sound 
bedrock along downstream slope of the East Dike, 

2. Installed a 1,400 ft long stability berm in 2017 along a perimeter portion of the West 
Dike, and  

3. Installing of an earthen buttress fill along a 500 ft portion of the East Dike over the 
anomaly area. 

3.1 East Dike DMM Wall 

Deep mix method (DMM) shear walls were installed through the native clay and loose sands 
and silts down to top of bedrock to improve the seismic stability of the East Dike.  DMM 
walls were installed from Sta. 4+00 to Sta. 35+00, along the DMM baseline as shown in 
Fig. 4.   DMM walls were omitted from about Sta. 11+50 to 14+75 due to challenges with the 
epikarst anomaly area encountered during installation. 

3.2 Cane Creek Realignment and East Dike Buttress 

In the area of the epikarst anomaly along the East Dike, the East Dike will be buttressed from 
about Sta. 10+00 to 15+00.  This buttress fill also requires the realignment of Cane Creek to 
the east with the former creek channel filled to create a foundation for the stabilization 
buttress along the downstream slope of the East Dike.  The buttress ends at a point where the 
anomaly was not encountered in subsurface explorations.  

3.3 West Dike Stability Berm 

An approximately 1,400-foot-long stability berm was added to the to buttress the perimeter 
of a portion of the West Dike.  This berm improves both static and post-seismic stability of 
the dike in areas where the ash height is tallest.  
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4. Static and Seismic Evaluation Criteria 

4.1 General 

The factor of safety criteria for evaluation of the closed ash pond include: 

Stability Evaluation Condition Minimum Factor of 
Safety  

Static Factor of Safety under long-term, maximum 
storage pool loading conditions 1.50 

Static Factor of Safety under maximum surcharge pool 
loading condition1 1.40 

Seismic Factor of Safety 1.00 

Post-EQ (liquefaction stability) Factor of Safety 1.20 

Note: 
1. The ash pond is capped and closed and no longer impounds surface water.  

The pond has been graded and capped to provide positive surface water 
runoff.  Therefore, the static factor of safety under maximum surcharge pool 
loading condition is not applicable. 

4.2 Evaluation Guidance Documents 

The evaluation of stability safety factors was performed in general accordance with the 
following current analysis and design guidance documents: 

• ADEM Land Division – Solid Waste Program Division 13, Admin. Code r. 335-13, 
(ADEM, 2021). 

• FHWA Design Manual: Deep Mixing for Embankment and Foundation Support, 
Publication No. FHWA-HRT-13-046 (FHWA, 2013). 

• FERC Engineering Guidelines for the Evaluation of Hydropower Projects, 
Chapter IV, Embankment Dams, (FERC, 1991). 

• US Army Corps of Engineers, Engineer Manual 1110-2-1902, Slope Stability, 
(USACE, 2003). 

• TVA CCR Structural Stability Program, Design Assessment of CCR Storage 
Facilities, March 31, 2021. 
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4.3 Technical Approach 

For each stability evaluation, we performed the following general steps: 

• Selected soil properties for analyses (unit weight, static and post-EQ shear strength, 
and shear wave velocity).  This includes selecting post-earthquake (triggered) 
strengths for the soils that undergo strength loss during the design earthquake.   

• Performed two-dimensional force and moment limit equilibrium slope stability 
analyses on the design sections to determine the post-closure safety factors.   

4.4 Design Basis Earthquake 

The design basis earthquake for our analyses, was the 2% chance of exceedance in 50 years 
(equivalent to a return period of approximately 2,500 years) based on the 2014 U.S. 
Geological Survey (USGS) seismic hazard map.  The design earthquake corresponded to a 
magnitude 7.6 earthquake located 131 miles from the New Madrid, Missouri seismic zone. 
The reported peak ground acceleration (PGA) was 0.16g, as shown in the figure below was 
used for the Seismic Factor of Safety computation. 

 

4.5 Liquefaction Screening and Triggering Evaluation 

GEI performed a liquefaction triggering analyses on data collected in borings along the East 
Dike to determine whether sluiced ash, dike fills or foundation soils were likely to undergo 
significant loss of shear strength because of earthquake induced shaking associated with the 
design earthquake event.  Post-earthquake material strength conclusions for each fill and 
native soil material are presented below.  
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Material Triggering of Strength Loss 

Saturated sluiced ash  
The design earthquake triggers liquefaction and strength 
loss to the steady state strength, SUS or Sr. 

Native sand and silt 
The design earthquake triggers liquefaction and strength 
loss to the steady state strength, SUS or Sr. 

Epikarst under East Dike from 
Sta. 11+50 to 14+75 

The design earthquake triggers liquefaction and strength 
loss to the steady state strength, Sus or Sr, in clay-like 
epikarst susceptible to liquefaction and weight-of-tools 
material. 

The untriggered portion may experience a 20% strength 
reduction. 

DMM improved soil The DMM improved soil is not considered susceptible to 
either liquefaction of strength loss. 

Unsaturated sluiced ash 

Strength loss is not triggered because the material is too 
dense (dilative), is too clayey, and/or is above the 
groundwater table. 

Soft to medium stiff clays are clay-like and may 
experience a 20% strength reduction, but for other soils 
the peak undrained strength is the appropriate post-EQ 
strength. 

Upper and lower clay fill in East 
and West dikes 

Native clay 

Granular fill in the Working 
Platform and Old Canal Backfill 
Material 

Riprap fill 
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5. Design Methodology and Supporting Analyses 

5.1 Evaluation Cross Section Locations 

Stability evaluations were performed at three (3) critical cross sections of the perimeter dikes 
around the closed ash pond.   

1. Section E (Sta. 24+20) - East Dike with DMM wall improvement and working 
platform  

2. Section J (Sta. 48+90) - West Dike with buttress fill 

3. Station 14+50 - East Dike Buttress Fill over the epikarst anomaly area  

The critical cross sections were selected to represent areas that are expected to have lower 
safety factors due to loading conditions, geometry, and foundation soil conditions.  The 
closure stability cross section locations are shown in plan on Figure 4. 

5.2 Soil Properties for Stability Analyses 

Unit weights and shear strengths for materials used in the stability analyses are summarized 
in Table 2 and presented in more detail in Appendix A.  Strengths for the different loading 
conditions were used in the analyses: 

• Drained strength, for long-term loading of both saturated and unsaturated soils, 

• Undrained strength for saturated soils, for short-term rapid (earthquake) loading and 
unloading, and 

• Post-earthquake strength, for the native sand and silt, saturated native clay, epikarst, 
saturated upper and lower clay dike, and ash, for static loading after the end of the 
design earthquake.  

The properties used in each stability analysis are shown on a table on the plot of the results of 
each analysis in Appendix B.  

5.3 Stability Analyses 

The two-dimensional embankment stability analyses were performed with the computer 
program SLOPE/W using the Spencer method (GEOSLOPE) for force and moment 
equilibrium analysis methods.  The phreatic surface was defined from the 2020 piezometer 
and observation well data at the time of analysis.  For each analysis, the circular and wedge-
type failure surfaces were identified.  Then, the SLOPE/W optimization routine was used to 
determine whether a non-circular surface, generally following the overall shape of the 
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circular or wedge-type surface, would have a lower factor of safety.  The optimization 
process involves automatically breaking the failure surface into a series of straight-line 
segments, and then sequentially moving the endpoints and subdividing the length of each 
segment to find the lowest factor of safety.  The resulting optimized failure surface, with the 
minimum factor of safety, is defined by a series of relatively short line segments which can 
more closely follow the weaker layers.  

5.4 Stability Results 

The slope stability results for the final configuration of Ash Disposal Area 4 are presented 
below.  The individual stability analyses are presented in Appendix B.  In summary, in the 
final configuration, perimeter dikes for Ash Disposal Area 4 meet the minimum requirements 
for federal, ADEM and TVA required factors of safety for slope and foundations storing 
CCR at this closed facility. 

Load Case 

Analysis Section 

E 
(East) 

J 
(East) 

14+50 
(West) 

Static Factor of Safety under long-term, maximum storage 
pool loading conditions (≥ 1.50 Reqd.) 2.09 2.18 2.87 

Static Factor of Safety under maximum surcharge pool loading 
condition (≥ 1.40 Reqd.)1 N/A N/A N/A 

Seismic Factor of Safety (≥ 1.00 Reqd.) 1.21 1.05 1.19 

Post-EQ (liquefaction stability) Factor of Safety (≥ 1.20 Reqd.) 1.21 2.00 1.29 

Note: 
1. The ash pond is capped and closed and no longer impounds surface water.  The pond has 

been graded and capped to provide positive surface water runoff.  Therefore, the static factor 
of safety under maximum surcharge pool loading condition is not applicable. 
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Table 1 – Subsurface Exploration Programs 
Post-Closure Stability Report 
COF Ash Disposal Area 4 
Tuscumbia, Alabama 
 

Date By Series Comments 

July – August 2009 Stantec STN-4-xx SPT borings 

July – August 2014 Stantec L-x SPT (A) and Tube (B) borings 

August 2014 
GEI 

(GEI CPT equip. 
pushed by Stantec rig) 

L-x-CPT Seismic Cone Penetration Tests 

January 2015 GEI 
(driller was S&ME) SB-x SPT borings with rock coring 

January 2015 GEI 
(driller was S&ME) CPT-x Cone Penetration Tests 

July 2015 GEI 
(driller was Stantec) IN-xx SPT borings with rock coring 

August 2015 Geo-Solutions 
(driller was Armstrong) GSI-xx Roto-sonic borings 

April – June 2016 GEI 
(driller was S&ME) COF-AP4-xx SPT borings with rock coring 

May – June 2017 GEI 
(driller was Stantec) S-x SPT borings with rock coring 

June 2017 GEI 
(driller was Stantec) T-2 Tube boring 

June 2017 
GEI 

(GEI CPT equip. 
pushed by Stantec rig) 

C-x Seismic Cone Penetration Tests 

February 2019 Stantec COF-XXX Roto-sonic borings 

September – October 
2019 

GEI 
(driller was Stantec) B19-X SPT borings with rock coring 

June 2020 Barge  
(driller was Stantec) B-XX SPT borings 

March 2021 GEI 
(driller was S&ME) B-10X SPT borings with rock coring 
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Table 2 – Summary of Material Properties 
Post-Closure Stability Report 
COF Ash Disposal Area 4 
Tuscumbia, Alabama 
 

Material Properties 

Material Name 
Unit 

Weight  

Drained Strengths Undrained Strengths Post-EQ Strengths 

c' φ' c φ c φ 

(pcf) (psf) (deg) (psf) (deg) (psf) (deg) 

Upper Clay Dike 
(Unsaturated) 127 200 28 1500 0 1500 0 

Upper Clay Dike 
(Saturated) 127 200 28 1500 0 1200 0 

Stacked Ash (Unsaturated) 107 0 30 0 30 0 30 

Sluiced Ash (Saturated and 
Unsaturated) 107 0 26 400 10 

c/σ’v= .06 
0 

cmin= 100 

Lower Clay Dike 
(Unsaturated) 127 200 29 1500 0 1500 0 

Lower Clay Dike 
(Saturated) 127 200 29 1500 0 1200 0 

Native Clay (Unsaturated) 129 200 28 1250 0 1250 0 

Native Clay (Saturated) 129 200 28 750 0 600 0 

Native Clay Under Dike 
(Saturated) 129 200 28 1250 0 1000 0 

Native Sand and Low 
Plasticity Silts (Saturated) 120 0 30 0 30 235 0 

Non-liquefiable Epikarst 125 100 30 1,000 0 800 0 

Liquefiable Epikarst 125 0 36 1,000 0 220 0 

Rip Rap 120 0 38 0 38 0 38 

West Dike Stability Berm 
Fill 140 0 45 0 45 0 45 

Granular Fill/Dense Graded 
Aggregate 125 0 35 0 35 0 35 

Filter Sand (C-33) 120 0 36 0 36 0 36 

Common Fill 115 0 31 0 31 0 31 

Limestone Bedrock 135 20000 45 20000 45 20000 45 

 



Table 3 - Post-Closure Stability Factors of Safety
Post-Closure Stability Report
COF Ash Disposal Area 4
Tennessee Valley Authority

Static Factor of Safety under long-term, 
maximum storage pool loading conditions 1.50 2.09 2.18 2.87

Static Factor of Safety under maximum 
surcharge pool loading condition1 1.40 N/A N/A N/A

Seismic Factor of Safety 1.00 1.21 1.05 1.19

Post-EQ (liquefaction stability) Factor of 
Safety 1.20 1.21 2.00 1.29

Notes:

Analysis Section

Load Case

1)  The ash pond is closed and is no longer impounding water.  The pond has been graded and capped to 
provide positive surface water runoff.  Therefore the static factor of safety under maximum surcharge pool 
loading condition is not applicable.

E J

Minimum 
Required Safety 

Factor 14+50

GEI Consultants, Inc. Project 2100946 December 2021
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Soil Strength Parameters for Analysis 
 
Purpose: 
 
Select representative shear strength parameters for typical soil types at the site, using the available 
sources below.  Selected values will be applied in our stability analyses.  
 
References: 
 
AECOM (2009) Kingston Fossil Plant, Root Cause Failure Analysis, Dredge Cell 2 Failure of December 

 22, 2008, June 25, 2009. 

Berney IV, E.S. and Smith, D.M. (2008), “Mechanical and Physical Properties of ASTM C33 Sand,” US 

Army Corp of Engineers ERDC/GSL TR-08-2, Vicksburg, Mississippi. 

Federal Highway Administration (FHWA) (2002), NHI Course No. 132031, Subsurface Explorations- 

 Geotechnical Site Characterization. 

GEI Consultants, Inc. (2015), Geotechnical Data Report, Phase 2 Subsurface Explorations COF Ash 

 Pond No. 4 East Dike Seismic Remediation, Colbert Fossil Plant, Tuscumbia, Alabama. 

GEI Consultants, Inc. (2015), Lab and Field Data, and Triggering Analysis for Seismic Stability 
Evaluations Colbert Fossil Plant Ash Pond 4, Tuscumbia, Alabama. 

GEI Consultants, Inc. (2019), “South Embankment Seismic Upgrade Project – Basis of Design Report, 

Pickwick Landing Dam, Hardin County, Tennessee,” prepared for Tennessee Valley Authority, 

June. 

GEI Consultants, Inc. (2020), “Update of Seismic Analyses for New Earthquake, Pickwick Landing Dam 

South Embankment,” prepared for Tennessee Valley Authority, August. 

Hatanaka, M. and Uchida, A. (1996), Empirical correlation between penetration resistance and effective  
 friction of sandy soil. Soils & Foundations, Vol. 36, No. 4, Japanese Geotechnical Society. 
Kulhawy, F.H., and Mayne, P.W. (1990), Manual on Estimating Soil Properties for Foundation Design, 

Electric Power Research Institute Project 1493-6, Palo Alto, California. 

Lambe, T.W., and Whitman, R.V. (1969), Soil Mechanics, John Wiley & Sons, Inc., New York. 
Leps, T.M. (1970), Review of Shearing Strength of Rockfill, Journal of the Soil Mechanics and 

 Foundations Division, ASCE, Vol. 96, No. SM4, July, pp. 1159-1170. 
Lunne T., Robertson, P.K., and Powell, J.J.M. (1997).  Cone Penetration Testing in Geotechnical 

Practice. Chapman & Hall, London. 
MacGregor, J.A. and Duncan, J.M. (1998), Performance and use of the Standard Penetration Test in 

Geotechnical Engineering Practice, Center for Geotechnical Practice and Research, Virginia 

Polytechnic Institute, Blacksburg, Virginia. 

Makdisi, F. I., Seed, H. B. (1978), Simplified Procedure for Estimating Dam and Embankment  
Earthquake-Induced Deformations, Journal of the Geotechnical Engineering Division, GT7, July 
1978, pp 849-867 

NAVFAC (1986), Design Manual 7.01: Soil Mechanics, Naval Facilities Engineering Command, 

Alexandria, Virginia. 

Stantec (2010), Report of Geotechnical Exploration and Slope Stability Evaluation, Ash Pond 4 Colbert 
 Fossil Plant, Tuscumbia, Alabama. 

Stantec (2010), Report of Geotechnical Explorations and Slope Stability Evaluation, Disposal Area 5 
 Dry Stack and Drainage Basin, Colbert Fossil Plant, Tuscumbia, Alabama. 
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Summary: 
 
Our selected shear strength parameters are summarized in the following table: 
 

Material Properties 

Material Name 
Unit 

Weight  

Drained Strengths Undrained Strengths Post-EQ Strengths 

c' φ' c φ c φ 

(pcf) (psf) (deg) (psf) (deg) (psf) (deg) 

Upper Clay Dike 
(Unsaturated) 

127 200 28 1500 0 1500 0 

Upper Clay Dike 
(Saturated) 

127 200 28 1500 0 1200 0 

Stacked Ash (Unsaturated) 107 0 30 0 30 0 30 

Sluiced Ash (Saturated and 
Unsaturated) 

107 0 26 400 10 
c/σ’v= .06 

0 
cmin= 100 

Lower Clay Dike 
(Unsaturated) 

127 200 29 1500 0 1500 0 

Lower Clay Dike 
(Saturated) 

127 200 29 1500 0 1200 0 

Native Clay (Unsaturated) 129 200 28 1250 0 1250 0 

Native Clay (Saturated) 129 200 28 750 0 600 0 

Native Clay Under Dike 
(Saturated) 

129 200 28 1250 0 1000 0 

Native Sand and Low 
Plasticity Silts (Saturated) 

120 0 30 0 30 235 0 

Non-liquefiable Epikarst 125 100 30 1,000 0 800 0 

Liquefiable Epikarst 125 0 36 1,000 0 220 0 

Rip Rap 120 0 38 0 38 0 38 

West Dike Stability Berm 
Fill 

140 0 45 0 45 0 45 

Granular Fill/Dense Graded 
Aggregate 

125 0 35 0 35 0 35 

Filter Sand (C-33) 120 0 36 0 36 0 36 

Common Fill 115 0 31 0 31 0 31 

Limestone Bedrock 135 20000 45 20000 45 20000 45 
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Approach: 
 
The parameters were used to evaluate slope stability for four failure modes: static drained, static 
undrained, post-earthquake static stability and pseudostatic stability.   
 
We developed three sets of shear strength parameters for each layer, depending on loading conditions:  
(1) drained effective strengths, using effective stress c’ and ϕ’ parameters, (2) undrained total strengths, 
using total stress c and ϕ parameters, and (3) undrained post-earthquake strengths, using post 
liquefaction sus and  ϕ = 0° parameters for soils susceptible to liquefaction (liquifiable epikarst, sluiced 
ash and native sand) and reduced shear strength for the saturated fine-grained soils (compacted clay 
dikes, non-liquefiable epikarst, and native clay). 
 
Static Drained Case 
The static drained strengths are used in our analyses for the current conditions and the post-closure 
conditions and assume that steady-state seepage conditions are achieved in the embankment.  
Drained strengths were assigned to all materials. 
 
Static Undrained Case 
The static undrained case assumes that proposed construction is performed rapidly enough to induce 
undrained loading of the soil.  Therefore, shear strengths fine grained materials and sluiced ash are 
defined using undrained shear strengths.   
 
The coarse grained materials and stacked ash are relatively freely draining soils.  Therefore, we 
assigned drained strengths to the freely draining layers in static undrained case.   
 
Post-Earthquake Static Case 
For the post-earthquake static case we assigned post-liquefaction shears strengths to the materials that 
were identified as being potentially liquefiable.  Non-liquefiable coarse grained soils were assigned 
drained strengths.  Saturated undrained soils were assigned 80% of the peak undrained strength to 
limit the available strength from these layers (Makdisi and Seed, 1978). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Unit Weights: 
 
We based the selection of unit weights for the embankment, fill, and foundation soils based on: 



 

Client: Tennessee Valley Authority Compiled By: W. Lukas 
Project: Post-Closure Stability Ash Pond 4 Date: August 2021 

Project No.: 2100946   
Soil Strength Parameters for Analysis   

    
 

    
B:\Working\TVA\2100946 TVA COF AP4 Anomaly Area Phase 2 Design\08_Working Documents\Post-Closure Stability\Appendices\App. A - Soil Strength Parameters.docx 

 

• The measured unit weights from the 2010 and 2014 laboratory testing. 

• Values reported in previous evaluations. 

• Typical values from the literature and experience. 
 

 
Drained (Effective Stress) Strength Parameter Selection: 
 
We selected drained effective stress strength parameters based on laboratory data from Stantec 
(2010).  The following paragraphs discuss how we selected these parameters for each layer. 
 
Fine Grained Soils and Sluiced Ash 
Drained strength parameters for fine grained soils and the sluiced ash were selected from the Stantec 
(2010) report.  Stantec used data from isotropically consolidated undrained triaxial compression tests.  
The values of ϕ’ and c’ were selected by fitting a Kf line to the p’-q failure points such that approximately 
two thirds of the data points were above the failure envelope.  This Kf line has a slope of tan α’ and a 
y-intercept a’.  The drained strength parameters were then calculated using the following equations. 

 
sin ϕ’= tan α  
c’=a’/cosϕ’ 

 
1. Upper Clay Dike 

Drained strength parameters for the upper clay dike were selected from the Stantec (2010) report.  The 
resulting failure envelope from Stantec for the upper clay dike is shown in Fig. 1.  The drained friction 
angle was rounded to the nearest degree and the cohesion intercept was limited to a maximum of 200 
pcf.  The selected parameters were ϕ′=28° and c’=200 psf. 
 

2. Lower Clay Dike 
Drained strength parameters for the lower clay dike were selected from the Stantec (2010) report.  The 
resulting failure envelope from Stantec for the lower clay dike is shown in Fig. 2.  The drained friction 
angle was rounded to the nearest degree and the cohesion intercept was limited to a maximum of 200 
pcf.  The selected parameters were ϕ′=29° and c’=200 psf. 
 

3. Native Clay 
Drained strength parameters for the native clay were selected from the Stantec (2010) report.  The 
resulting failure envelope from Stantec for the native clay is shown in Fig. 3.  The drained friction angle 
was rounded to the nearest degree and the cohesion intercept was limited to a maximum of 200 pcf.  
The selected parameters were ϕ′=28° and c’=200 psf. 
 

4. Sluiced Ash 
Drained strength parameters for the sluiced ash were selected from the Stantec (2010) report.  The y-
intercept was set to zero for the sluiced ash.  The resulting failure envelope from Stantec is shown in 
Fig. 4.  The drained friction angle was rounded to the nearest degree.  The selected parameters were 
ϕ′=26° and c’=0 psf. 
 

5. Common Fill 
Above El. 420 the berm will be constructed of common fill composed of reused on-site and borrowed 
materials. For the seismic upgrade at Pickwick Dam (2019), GEI used a total unit weight of 115 pcf, ϕ = 
31°, and c = 0 psf with cmax = 800 psf. After reviewing the QA/QC data from Phase 3, ϕ was increased 
to 37° and cmax was replaced with a second strength envelope with c = 1,360 psf and ϕ = 15.7° 
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(GEI,2020). We believe it is reasonable and conservative to adopt the original common fill properties 
from Pickwick Dam for the Colbert analyses. 
 
The selected parameters for drained, undrained, and post-EQ strengths are pcf, ϕ = 31° and c = 0 psf 
with cmax = 800 psf. 
 
 
Coarse Grained Soils and Stacked Ash 
Drained strength parameters for in situ coarse grained soils and stacked ash were based on empirical 
correlations to SPT N-values.  Drained strength parameters for proposed fill materials were based on 
available literature. 
 

1. Stacked Ash 
Drained strength parameters for the stacked ash for the DMM East Dike and West Dike analyses were 
estimated using empirical correlations to SPT N-values.  We used the correlation from FHWA (2002), 
adapted from Hatanaka and Uchida (1996).  This correlation uses SPT N1(60) (SPT-N field values with 
energy correction and overburden correction) to estimate drained friction angle for coarse grained soils.  
The correlation is presented in Fig. 5.  The N1(60) values in the stacked ash ranged from 0 blows per foot 
(bpf) to 51 bpf.  The median N1(60) was 18 bpf.  The drained friction angle estimated from the correlation 
is 37°.  We conservatively used drained strength parameters of ϕ′=30° and c’=0 psf. 
 
Drained strengths parameters for unsaturated fly ash for the anomaly area and Cane Creek 
realignment and East Dike buttress were selected from the GEI (2015) report.  Thirteen isotropically 
consolidated-undrained triaxial compression tests were performed on the fly ash, nine by GEI and four 
by URS. The y-intercept was set to zero for the sluiced ash.  The resulting failure envelope in p′-q 
space is shown in Fig. 6.  The values of ϕ′ and c′ were selected by fitting a Kf line to the p′-q failure 
points.  This Kf line has a slope of tan α′ and a y-intercept a′.  The y-intercept was set to zero for the 
sluiced ash.  The drained strength parameters were then calculated using the following equations. 

 
sin ϕ′= tan α′  
c′=a′/cosϕ′ 

 
The drained friction angle was rounded to the nearest degree.  The selected parameters were ϕ′=34° 
and c′=0 psf.  We did not update the DMM East Dike and West Dike analyses with the updated strength 
parameters, meaning that they are conservative. 
 
 

2. Native Sand and Low Plasticity Silts 
Drained strength parameters for the native sand and low plasticity silt layers were estimated using 
empirical correlations to SPT N-values.  We used the correlation from FHWA (2002), adapted from 
Hatanaka and Uchida (1996).  This correlation uses SPT N1(60) (SPT-N field values with energy 
correction and overburden correction) to estimate drained friction angle for coarse grained soils.  The 
correlation is presented in Fig. 5.  The N1(60) values in the native sand and low plasticity silts ranged 
from 0 blows per foot (bpf) to 51 bpf.  The median N1(60) was 8 bpf.  The drained friction angle estimated 
from the correlation is 31°. We selected a slightly lower drained friction angle because some borings 
had consistently lower SPT-N values.  We used drained strength parameters of ϕ′=30° and c’=0 psf. 
 

3. Rip Rap 
We selected drained strength parameters for the rip rap based on data for rock fills from Leps (1970) 

presented here in Fig. 7.  We used conservative drained strength parameters of ϕ′=38° and c’=0 psf.  
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4. West Dike Stability Berm Fill 
We selected drained strength parameters for the proposed west dike stability berm fill based on data for 

rock fills from Leps (1970) presented here in Fig. 7.  We used drained strength parameters of ϕ′=45° 

and c’=0 psf.  

5. Granular Fill 
The proposed granular fill will be a dense graded aggregate.  We selected drained strength parameters 
based on common values for that type of fill. We used drained strength parameters of ϕ′=35° and 
c’=0 psf. 
 

6. Filter Sand  
A layer of filter sand will be compacted at the bottom of the existing Cane Creek channel after the 
stream bed is cleaned out. Sand in accordance with ASTM C33 has the USCS classification of SP 
(Poorly-Graded Sand). At Pickwick Dam the average placed dry unit weight of the filter sand was about 
110 pcf. According to the NAVFAC Design Manual (1986), at 75% relative density and a dry unit weight 
of 110 pcf an SP soil has a friction angle of about 36° (Fig. 8). This is in general agreement with the 
properties measured by the US Army Corps of Engineers (2008), which reported a peak, minimum, and 
average friction angles of 40, 33, and 37°, respectively, for ASTM C33 Sand. We have assumed that 
the sand will be sufficiently compacted to not be susceptible to liquefaction.  
 
We have assumed a total unit weight of 120 pcf. 
 
The selected parameters for drained, undrained, and post-EQ strengths are ϕ = 36° and c = 0 psf. 
 

7. Epikarst 
Drained strength parameters for the liquefiable epikarst (i.e. the gravel) were estimated using empirical 
correlations to CPT tip resistance. We used the following correlation from Kulhawy and Mayne (1990): 
 

��� = 1
305	
���.��

�

��

�����
��

�
�.�   

 
We assumed the compressibility factor of Qc was equal to 1.0 (for medium compressibility).  We 
assumed the OCR was equal to 1. The median relative density value was 18% and the mean relative 
density value was 21% (Fig. 9). We used the MacGregor and Duncan (1998) correlation between 
relative density and peak angle of internal friction (Fig. 10). We assumed no cohesion and chose a 
relative density of 15% and a conservative soil type of uniform coarse sand.  The selected parameters 
were ϕ′ = 36° and c′ = 0 psf. 
 
Drained strength parameters for the non-liquefiable epikarst were estimated using empirical 
correlations to plasticity index.  The median plasticity index of non-liquefiable epikarst was 33%.  We 
used the Lambe and Whitman (1969) correlation between plasticity index and drained friction angle to 
find a drained friction angle of 27° (Fig. 11).  Due to the presence of gravel in the non-liquefiable 
epikarst we assumed that 27° was overly conservative and increased the drained friction angle 
accordingly.  The selected parameters were ϕ′=30° and c′ = 100 psf. 
 

8. Limestone Bedrock 
Strength parameters for the limestone bedrock were estimated based on laboratory tests on rock core 

samples collected by GEI.  The Rock Quality Designation (RQD) of the rock cores ranged from 46% to 
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100% with a median of 100% indicating excellent rock quality.  Uniaxial compressive strength tests 

were performed on intact rock samples by Stantec.  The results are presented in our 2015 

Geotechnical Data Report.  The unconfined compressive strength of the rock ranged from 116 ksi to 

186 ksi.  We used drained strength parameters of ϕ′=45° and c’=20,000 psf.  

 
Undrained (Total Stress) Strength Parameter Selection: 
 

Fine grained Soils 
Undrained total stress shear strengths for the clay soils (upper dike, lower dike and native clay) were 
selected based on the results of laboratory triaxial tests reported in Stantec (2010) and recent tests 
performed in 2014 by GEI.  The triaxial tests are mostly isotropically consolidated undrained triaxial 
compression tests with pore pressure measurement (CIU’ tests) and a few unconsolidated undrained 
triaxial compression tests (UU tests).  The following table provides a summary of the type and number 
of tests performed on each soil. 
 

Soil 
CIU’ Tests  

(2010) 
CIU’ Tests  

(2014) 
UU Tests  

(2014) 

Upper Dike 14 -- -- 

Lower Dike 11 2 2 

Native Clay 10 15 5 

We used the test data to develop a plot of undrained shear strength (su) versus currently consolidated 

vertical effective stress (σvc’) for each soil.  For the CIU’ tests we used an equivalent value of field σvc’ 

computed from the isotropic consolidation stress applied in the test (σc’) by assuming:  

  σvc’ (1 + 2 Ko)/3  =  σc’      with an at-rest pressure coefficient Ko= 0.5  

Most of the CIU’ tests were consolidated to an equivalent field σvc’ that is equal to or greater than the 

estimated field σvc’ of the sample.  For the UU triaxial tests we used the estimated field σvc’.  The su 

versus σv’ plots are presented in Figs. 12 through 14.  Tabular summary of the data used to generate 

the plots is provided in our GEI (2015) Draft Triggering Report.  As shown in these plots, the measured 

values of su increase with increasing σv’, although there is considerable scatter.    

For each soil we estimated an approximate range of field σvc’ in the general zone where the expected 

critical failure surfaces pass through that soil.  The estimated σvc’ ranges are shown on the su versus σv’ 

plots (Figs. 14 through 16).  As shown in the plots, a significant portion of the available test data 

corresponds to values of σv’ that are greater than the field σvc’ values.  For each soil we selected a 

value of su that corresponds to the range of σvc’ in the field.    

1. Upper Clay Dike 
We selected undrained strengths for the upper clay dike based on available CIU tests. The su versus σv’ 
plot is presented in Fig. 12.  We used undrained strength parameters of ϕ=0° and c=1,500 psf. 

 
2. Lower Clay Dike 
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We selected undrained strengths for the lower clay dike based on available CIU and UU tests. The su 
versus σv’ plot is presented in Fig. 13.  We used undrained strength parameters of ϕ=0° and c=1,500 
psf. 
 

3. Native Clay  
We selected undrained strengths for the lower clay dike based on available CIU and UU tests.  We 
divided the native clay layer in two sections to benefit from the higher strength of the clay that has been 
consolidated beneath the upper and lower clay dikes.  One material was called Native Clay and the 
other Native Clay Under Dike.  The su versus σv’ plot is presented in Fig. 14.   
 
We used undrained strength parameters for the Native Clay of ϕ=0° and c=750 psf. 
We used undrained strength parameters for the Native Clay Under Dike of ϕ=0° and c=1,250 psf. 

4. Epikarst 
We used SLOPE/W limit equilibrium slope stability analyses to determine the minimum strength of the 
epikarst.  We ran SLOPE/W static stability analyses using drained strengths for all coarse-grained 
materials and undrained strength for all clayey materials.  The strength of the epikarst was varied until 
we found a factor of safety of 1.0.  The minimum undrained shear strength of the epikarst was 550 psf. 
 

Station 
Epikarst 
Strength 

(psf) 

Factor of Safety 

Deep 
Circular 

Deep 
Wedge 

11+00 

200 0.920 0.839 

250 1.025 1.009 

300 1.134 1.263 

12+50 

400 0.942 0.972 

450 1.020 1.043 

500 1.103 1.157 

13+50 

500 0.989 0.983 

550 1.071 1.069 

600 1.143 1.148 

14+50 

100 1.090 0.966 

150 1.056 1.056 

200 1.135 1.159 

 
 
We estimated undrained shear strengths in the Upper Silty Sand layer from the cone penetrometer data 
based on the following formula as defined in Lunne et. al. (1997): 
 

s� = q� − �!�
N#�

 

 
Where Nkt is a constant ranging from 10 to 20. We used an Nkt value of 15.  The median undrained 
shear strength was 2,010 psf and the mean undrained shear strength was 3,330 psf (Fig. 15). The 
selected parameters were ϕ=0° and c = 1,000 psf. 
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5. Sluiced Ash 

Undrained strength parameters for the sluiced ash were selected from the Stantec (2010) report.  
Stantec used data from isotropically consolidated undrained triaxial compression tests.  The values of ϕ 
and c were selected by fitting a Kf line to the p-q failure points such that approximately two thirds of the 
data points were above the failure envelope.  This Kf line has a slope of tan α and a y-intercept a.  The 
drained strength parameters were then calculated using the following equations. 

 
sin ϕ= tan α  
c’=a’/cosϕ 

 
The resulting failure envelope from Stantec is shown in Fig. 16.  The undrained friction angle and 
cohesion intercept were rounded to the nearest degree and psf.  The selected parameters were ϕ′=10° 
and c’=400 psf. 
 
Coarse Grained Soils and Stacked Ash 
Coarse grained soils and the stacked ash are considered freely draining materials.  Therefore drained 
strengths were used for the static undrained analyses. 
 
 
Undrained Post-Earthquake Strength Parameter Selection: 
 
Fine Grained Soils 
For post-earthquake stability analyses, the fine grained soils were divided into saturated and 
unsaturated materials.  For unsaturated material strengths we used the undrained total strengths.  For 
saturated material strengths we used 80% of the undrained total strengths.  This strength reduction is 
suggested by Makdisi and Seed (1978) and is widely used in post-earthquake analyses to account for 
potential softening during the earthquake loading. 
 

1. Upper Clay Dike 
We used post-earthquake strength parameters for the Upper Clay Dike (Unsaturated) of ϕ=0° and 
c=1500 psf. 
We used post-earthquake strength parameters for the Upper Clay Dike (Saturated) of ϕ=0° and 
c=1,200 psf. 
 

2. Lower Clay Dike 
We used post-earthquake strength parameters for the Lower Clay Dike (Unsaturated) of ϕ=0° and 
c=1500 psf. 
We used post-earthquake strength parameters for the Lower Clay Dike (Saturated) of ϕ=0° and 
c=1,200 psf. 
 

3. Native Clay 
We used post-earthquake strength parameters for the Native Clay (Unsaturated) of ϕ=0° and 
c=750 psf. 
We used post-earthquake strength parameters for the Native Clay (Saturated) of ϕ=0° and c=600 psf. 
We used post-earthquake strength parameters for the Native Clay Under Dike (Unsaturated) of ϕ=0° 
and c=1,250 psf. 
We used post-earthquake strength parameters for the Native Clay Under Dike (Saturated) of ϕ=0° and 
c=1,000 psf. 
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Liquefiable Soils 
The triggering analyses indicate that strength loss could be triggered in the native sand and the sluiced 

ash during the design earthquake.  Therefore, values of undrained steady state (residual) shear 

strength sus are used for the post-earthquake stability analyses.  The selection of sus for each fill and 

soil type is described below. 

1. Native Sand and Low Plasticity Silts 
For the native sand we used correlations from Idriss & Boulanger (2008) and Castro (1995) to estimate 

sus based on the values of corrected SPT resistance N1,60 measured in the sand.  Fig. 17 shows a 

histogram of N1,60  values measured in the sand.  We selected a representative value of N1,60 = 7 for the 

sand.  Based on the sample descriptions and available grain size test data we selected representative 

fines content (i.e., material passing the #200 sieve by weight) of 30% for the sand.  Using these values 

in the Idriss and Boulanger (2008) correlation we obtained a value of sus = 235 psf.  We obtained a 

value of sus = 380 psf using the GEI lower bound curve in the Castro (1995) correlation.   

The selected value of sus for the native sand is input in the stability analyses as a value of cohesion with 

a friction angle of zero.  We used post-earthquake strength parameters for the native sand and low 

plasticity silts of ϕ=0° and c=235 psf. 

2. Sluiced Ash 
For the sluiced ash we used a residual strength ratio of sus/σvc’ = 0.06 which is the design value that 

was used for a similar sluiced ash material in the remedial design for the Kingston Fossil Plant (Stantec 

2012).  This ratio gives sus as a function of the current consolidated geometry effective vertical 

overburden stress σvc’.  The Kingston design value was derived from an extensive post-failure 

investigation using correlations with SPT and piezocone CPT testing and laboratory testing by AECOM 

to determine post failure steady state shear strengths.  The Kingston results are considered applicable 

to the Colbert sluiced ash because the materials are similar and have similar values of N1,60.  Based on 

the histogram of N1,60 values in Fig. 18, an N1,60 of 3 to 4 is considered representative of the Colbert 

sluiced fly ash.  This is similar to the Kingston sluiced fly ash, which had a reported average of N1,60 = 

3.1 for the values equal to 10 or less. 

For situations where the existing σv’ is reduced by removal of material as part of the remedial design, 

we used a sus based on the higher value σvc’ to compute sus existing prior to the fill soil removal.  This is 

consistent with the concept underlying the use of a strength ratio, i.e., increasing σv’ reduces the void 

ratio by compressing the soil and the lower void ratio results in higher sus (Olson and Stark, 2002).  

Assuming that subsequent unloading does not result in a significant change in void ratio, it is 

appropriate to use the value of original σvc’ that existed prior to the unloading as the material has been 

subject to pre-consolidation prior to upcoming removal.    

In zones of sluiced ash not affected by fill soil removal, the selected value of sus/σvc’ = 0.06, with a 

minimum value of 100 psf, is input directly into a SLOPEW soil strength model for undrained steady 

state shear strength versus vertical effective stress.  We used the figures in Idriss and Boulanger 

(2008) to compute the minimum sus, as case history data shows there is residual shear strength even 

with SPT blowcounts are less than unity.  In zones affected by soil removal, values of sus versus depth 

are calculated based on the original σvc’ prior to soil removal.  These values are input in the stability 

analysis as a value of cohesion varying with depth and a friction angle of zero. 
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3. Epikarst 
The triggering analyses indicate that strength loss could be triggered in epikarst during the design 

earthquake.  Therefore, values of undrained steady state (residual) shear strength sus are used for the 

post-earthquake stability analyses.  For the liquefiable epikarst we used correlations from Idriss & 

Boulanger (2008) to estimate sus based on the values of equivalent clean-sand corrected SPT 

resistance N1,60cs-Sr.  We selected the median value of N1,60cs-Sr = 9 for the epikarst.  Using this value in 

the Idriss and Boulanger (2008) correlation we obtained a value of sus = 220 psf.   

The selected value of sus for the native sand is input in the stability analyses as a value of cohesion with 

a friction angle of zero.  We used post-earthquake strength parameters for the liquefiable epikarst of 

ϕ=0° and c=220 psf. 

For the non-liquefiable epikarst a reduced undrained strength was selected.  The selected parameters 
were ϕ=0° and c = 800 psf. 
 
 
Non-liquefiable Coarse Grained Soils 
For very coarse materials excess pore pressures will not accumulate, and the drained strength was 
used. 
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Figure 1.  Drained Failure Envelope for Upper Clay Dike (Stantec, 2010). 
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Figure 2.  Drained Failure Envelope for Lower Clay Dike (Stantec, 2010). 
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Figure 3.  Drained Failure Envelope for Native Clay (Stantec, 2010). 
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Figure 4.  Drained Failure Envelope for Sluiced Ash (Stantec, 2010). 
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Figure 5.  Peak Friction Angle of Sands from SPT Resistance (Adapted from Hatanaka & Uchida, 
1996; Figure from FHWA NHI, 2002).  
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Figure 6. Failure envelope for Fly Ash (GEI, 2015)
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Figure 7.  Shearing Strengths of Rockfill from Large Triaxial Tests (Leps, 1970). 
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Figure 8: Correlations of Strength Characteristics for Granular Soils (NAVFAC, 1986). 
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Figure 9: Histogram of Epikarst Relative Density. 
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Figure 10: Correlation between relative density and peak angle of internal friction (MacGregor 

and Duncan, 1998). 
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Figure 11: Correlation between Plasticity Index and Drained Friction Angle (Lambe and 

Whiteman, 1969). 
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Figure 12.  su Versus σv’ Plots for Upper Clay Dike. 
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Figure 13.  su Versus σv’ Plots for Lower Clay Dike. 
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Figure 14.  su Versus σv’ Plots for Native Clay. 

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

0 1 2 3 4 5 6 7 8 9 10 11 12

s u
(k

sf
)

σv' (ksf)

2014 - CIUC'

2010 - CIU'

2014 - UU

Stress Range

Lower Slope & Toe

Selected su

Stress Range               

Upper Slope and Crest

Selected su



 

Client: Tennessee Valley Authority Compiled By: W. Lukas 
Project: Post-Closure Stability Ash Pond 4 Date: August 2021 

Project No.: 2100946   
Appendix A: Soil Strength Parameters for Analysis   

    
 

    
B:\Working\TVA\2100946 TVA COF AP4 Anomaly Area Phase 2 Design\08_Working Documents\Post-Closure Stability\Appendices\App. A - Soil Strength Parameters.docx 

 
Figure 15: Histogram of Epikarst Undrained Shear Strength 
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Figure 16.  Undrained Failure Envelope for Sluiced Ash (Stantec, 2010). 
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Figure 17.  Histogram of N1,60  Values Measured in the Native Sand and Low Plasticity Silt. 
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Figure 18.  Histogram of N1,60  Values Measured in the Sluiced Ash. 
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  POST-CLOSURE
STABILITY REPORT

Post-Closure Stability
Section:  E
Analysis:  Static Undrained
Failure Type:  Circular

Scale: 1" = 40'

Color Name Cohesion'
(psf)

Phi'
(°)

Bedrock 20,000 45

Granular Fill 0 35

Improved Soil 1,000 0

Lower Clay Dike 
(Saturated)

1,500 0

Lower Clay Dike 
(Unsaturated)

1,500 0

Native Clay (Saturated) 750 0

Native Clay (Under Dike 
Saturated) (2)

1,250 0

Native Clay (Unsaturated) 1,250 0

Native Sand and Low 
Plastic Silts

0 30

Sluiced Ash (Unsaturated) 0 30

Undrained Sluiced Ash 
(Saturated-Unliquefied)

400 10

Upper Clay Dike 
(Unsaturated)

1,500 0
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Post-Closure Stability
Section:  E
Analysis:  Static Drained
Failure Type:  Circular

Scale: 1" = 40'

Color Name Cohesion'
(psf)

Phi' 
(°)

Bedrock 20,000 45

Drained Lower Clay 
Dike

200 29

Drained Native Clay 200 28

Drained Upper Clay 
Dike 

200 28

Granular Fill 0 35

Improved Soil 1,000 0

Native Sand and Low 
Plastic Silts

0 30

Sluiced Ash 
(Saturated 
Unliquefied)

0 26

Sluiced Ash 
(Unsaturated)

0 30
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Colbert Fossil Plant Ash Pond 4 Site Plan, October 2021 
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