
Prepared for: 

Tennessee Valley Authority 
Chattanooga, Tennessee 

May 31, 2011 

Basis of Design Report 
 

Johnsonville Fossil Plant 
Existing Spillway Closure Project 
Ash Disposal Area No. 2 
Work Plan 4  
(JOF-100407-WP-4) 
Humphreys County, Tennessee 
 

Stantec Consulting Services Inc.  
One Team. Infinite Solutions 
10509 Timberwood Circle, Suite 100 

Louisville, KY 40223-5301 
Tel:  (502) 212-5000  •  Fax: (502) 212-5055 

www.stantec.com 



 
 
 
 
 

 

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

May 31, 2011 rpt_02_175559008 

Mr. Ronald D. Skelton 
Tennessee Valley Authority 
1101 Market Street, LP 5E-C 
Chattanooga, Tennessee  37402 

Re: Basis of Design Report 
 Johnsonville Fossil Plant 

Existing Spillway Closure Project 
Ash Disposal Area No. 2 
Work Plan 4 (JOF-100407-WP-4) 
Humphreys County, Tennessee 

Dear Mr. Skelton: 

The enclosed report summarizes Stantec’s design for the abandonment of the inactive 
spillways at Johnsonville Fossil Plant’s Ash Disposal Area No. 2.  The report contains a 
description of the project, design narrative, construction drawings, and calculation 
documentation. 

We appreciate the opportunity to assist the Tennessee Valley Authority on this project.  If 
there are any questions regarding the enclosed report please call our office. 

Sincerely, 

STANTEC CONSULTING SERVICES INC. 

Stephen H. Bickel, PE Joshua Kopp 
Senior Principal Project Engineer 
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1. Project Description 

Stantec Consulting Services Inc. (Stantec) was retained to design methods to permanently 
close and abandon nine (9) inactive spillways in Ash Disposal Area No. 2 (Active Ash 
Disposal Area) at the Tennessee Valley Authority (TVA) Johnsonville Fossil Plant (JOF).  
This report contains pertinent information utilized as the basis of design.  In general, 
guidelines presented in the TVA Coal Combustion Products Management Program, Master 
Programmatic Document, Volume 2, Section 2.1 were followed in preparing this report. 

The Johnsonville Fossil Plant (JOF) is located on a 748-acre reservation owned by TVA in 
west-central Tennessee. The plant site is in the community of New Johnsonville, which is in 
Humphreys County and along the east bank of the Kentucky Lake reservoir.  Ash Disposal 
Area No. 2 is the second disposal area constructed at JOF.  It is located on a 125-acre 
constructed island centered approximately 2,000 feet west of the JOF powerhouse.  Access 
onto the island is via a 1,000 foot causeway embankment.  The island is surrounded by 
Kentucky Lake to the west and two dredged channels (the Boat Harbor and Condenser 
Water Inlet channels) to the east.  Ash Disposal Area No. 2 is 87 acres in area, as measured 
within the dike.  The crest is at Elevation 390 feet mean sea level (msl), or about 30 feet 
higher than Kentucky Lake summer pool.  The dike is from 25 to 30 feet in height, and was 
constructed with outslopes that varied from 1.5H:1V on the east side to 2.5H:1V along the 
west side.  

Ash Disposal Area No. 2 at Johnsonville contains three sets of spillways, each consisting of 
three separate riser/outlet pipe structures (nine separate spillway structures).  They are 
located on the southwest (South Spillways), northwest (North Spillways) and southeast (East 
Spillways) dikes (Figure 1). 

Based on TVA’s and Stantec’s prioritization of spillways to be replaced, the Johnsonville 
spillways were considered to be of highest priority due to the height of the structures, past 
history of damage, surging within the active South Spillways, and their location on an island 
in Kentucky Lake.  The Existing Spillway Closure Project was the second phase of the 
Johnsonville spillway project.  The first phase included replacement of the active spillways 
(South Spillways) which allowed the stilling ponds to operate with a 2.5 feet lower pool 
elevation.   

The nine inactive spillways were permanently abandoned by filling them with grout to prevent 
the possibility of seepage and soil migration through pipe joints.  Cofferdams were 
constructed near the pipe outlets to expose the pipes.  Each pipe was cleaned, inspected, 
and pumped full of grout.   
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2. Site Conditions 

2.1. Existing Site Conditions 

Each spillway riser consists of 48-inch inside diameter (ID) stacked concrete pipe sections 
constructed on a precast concrete junction box.  The spillway outlet consists of 36-inch ID 
reinforced concrete pipe placed horizontally in a trench beneath the perimeter dike to 
discharge into Kentucky Lake (South and North spillways) or into the plant Condenser Water 
Inlet Channel (East Spillways).  The ends of the outlet pipes are submerged below the winter 
pool water level for Kentucky Lake.  Headwalls were not constructed at the outlet pipe ends. 

The spillway risers are vertically stacked concrete pipe sections, approximately 35 feet in 
height, and are laterally supported by settled ash only (they are not structurally connected, 
but held together by gravity).  Several risers display a slight tilt that may have been caused 
by impacts during a dredging operation.  This created a concern for structural stability and 
potential for loss of pool, or complete dike breach should the riser topple or separate at 
depth. 

Additionally, the spillway outlet pipes were not constructed using restrained joints or gaskets.  
According to past inspection reports, some of the pipes along the South Spillways 
experienced joint separations that resulted in internal erosion of downstream dike material 
and formation of sinkholes in the fall of 1992 and spring of 1993.  Up to 20 feet in diameter 
and 15 feet deep, the sinkholes created concern about the integrity of the dike and whether 
the repairs (slip lining) adequately addressed issue of internal erosion.  It was noted that one 
of the pipes could not be slip-lined for an unknown reason. 

The North Spillway risers were inspected and videotaped on September 13, 2003 and then 
filled with concrete.  Concrete is visible in the exposed tops of the risers; however, there is no 
available documentation on the method of execution of this work. 

2.2. Proposed Site Improvements 

The proposed improvements included completely filling the inactive horizontal spillway pipes 
and a portion of the vertical risers with grout.  This was performed to stabilize the riser 
structures thus reducing the possibility of toppling and also preventing seepage and soil 
migration through misaligned pipe joints.  Prior to grouting, the spillway pipes were inspected 
by closed circuit television camera and cleaned using high pressure washing equipment.  
After grouting was complete, a graded filter was constructed over the exposed outlet pipe to 
control potential seepage along the outside of the pipes. 

Appendix A contains reduced-size Plans for Construction (“Issued for Construction”).  The 
revision number of each drawing varies and only the version of each sheet actually used for 
construction is provided. 
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Figure 1. Overview of inactive existing spillways at the JOF Ash Disposal Area No. 2 
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3. Design 

The TVA Fossil Group Management desired that this project be completed without delays 
due to Kentucky Lake operations (i.e. elevated lake levels).  Therefore it was decided that 
the closure plan would be designed to allow work when Kentucky Lake was at maximum 
(summer) pool.  Other key design considerations included: 

 Pipes must be cleaned and inspected by CCTV cameras. 
 A graded filter must be installed around the end of each pipe 
 A contingency plan against ash release during “the critical period” must be 

implemented 
 The grout mix must retain fluidity during pumping and develop enough short term 

strength for early form removal.   
 Grout was pumped until the grout level measured in the riser rose to ten feet above 

the invert, or the pressure recorded at the bulkhead reached 25 psi. 

The following narrative describes the design, constraints, evaluations, material selections, 
and/or analyses of the main project components required to achieve the key design 
considerations listed above.  Appendix B contains the TVA Calculation Package associated 
with this project.  Design criteria followed the guidelines outlined in:  “TVA Coal Combustion 
Products Management Program, Master Programmatic Document, Volume 2 (Facilities 
Design and Construction Requirements)”, as applicable.  Where specific guidelines were not 
included therein, Stantec followed recognized design guidelines developed by the U.S. Army 
Corps of Engineers (USACE) and the Naval Facilities Engineering Command (NAVFAC). 

3.1. Cofferdams 

Two different types of cofferdams were utilized to gain access to the spillway pipes.  
Cofferdams were selected to minimize the amount of excavation required and to control 
seepage.  Steel sheet pile cofferdams were designed to gain access to the East Spillways.  
Rock cofferdams combined with heavy plastic sheeting were designed to gain access to the 
South and North Spillway outlets.   

3.1.1. Steel Sheet Pile Cofferdams  

Steel sheet piles were used to form the cofferdams for the East Spillways.  Earth pressure 
loads were determined by using methods found in the Naval Facilities (NAVFAC) 
Engineering Command, ‘Foundations and Earth Pressures Design Manual, 7.02”.  
Subsurface parameters for the analysis were obtained from boring data gathered by Stantec.  
The ground water level was conservatively assumed to be at the ground surface. 

The sheet pile size was pre-selected to be PZ-27 at the request of the Contractor.  This 
sheet pile size was analyzed for final and construction (without shoring system) loading 
conditions, basal heave, and embedment depth required to control seepage.  The PZ-27 
sections also provided extra durability to allow the Contractor to remove and reuse the 
sheets at all three spillway locations.  Standard pumping methods were used to control 
groundwater seepage inside the cofferdam.  Methods found in USACE “Engineering and 
Design – Design of Sheet Pile Cellular Structures, Cofferdams, and Retaining Structures (EM 
1110-2-2-2503)”, NAVFAC Design Manual 7.02, and the American Institute of Steel Design 
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“Manual of Steel Construction – Load and Resistance Factor Design” were used to analyze 
the sheet pile selection. 

A shoring system was attached to the sheet piling to reduce the driving depth required.  The 
wales used in the system consisted of HP14x102 steel sections that were welded together at 
the corners.  They were installed at three feet below the groundline.  Stadd.Pro computer 
software was utilized to design the wale size and connections. 

3.1.2. Rock Cofferdams 

The working area for the South and North Spillways is at the edge of Kentucky Lake.  It was 
determined that driving sheet piles to form a cofferdam would be too difficult (this 
determination was made after construction of the East Spillway cofferdams).  Constructing 
cofferdams of riprap and crushed stone was selected as an alternative. These materials were 
combined with a layer of heavy plastic liner to minimize seepage from Kentucky Lake into the 
excavations. 

Seepage and slope stability analyses were performed to determine the seepage and slope 
stability factors of safety for the cofferdam configuration.  Seepage analysis was performed 
to evaluate piping and to determine if seepage from the ash pond into the excavation would 
lead to instability in the slope.  Total stress slope stability analysis was performed to 
determine the short-term slope stability factor of safety.  Parameters for each analysis was 
taken from laboratory testing included in Stantec’s “Report of Geotechnical Exploration and 
Slope Stability Evaluation”, dated April 13, 2010. 

The numerical seepage models were developed using SEEP/W 2007 (Version 7.17), a finite 
element code tailored for modeling groundwater seepage in soil and rock.  SEEP/W is 
distributed by GEO-SLOPE International, Ltd, of Calgary, Alberta, Canada (www.geo-
slope.com).  Water levels within Kentucky Lake were modeled at Elevation 354 ft msl 
(normal winter pool) and Elevation 356 ft msl (water level at time of modeling).  Ash Pond 
water levels were modeled at Elevation 384.5 ft msl, near normal pool for the ash pond.  
Water levels within the excavation were modeled near the bottom of the proposed excavation 
(Elevation 348 ft).  A seepage blanket was designed at the bottom of the excavation 
consisting of No. 3 crushed stone and sand. 
 
The factors of safety against piping ranged from 2.0 (for Lake Elevation 356 ft msl) to 2.5 
(Elevation 354 ft msl).  These factors of safety against piping were lower than those 
presented in TVA’s Programmatic Document.  Stantec determined that the lower factors of 
safety can be tolerated since the rock cofferdams were a temporary structure.  Stantec also 
provided onsite personnel that can address any concerns and problems which may develop 
during the construction.  Stantec developed a contingency plan for the construction project 
that addressed potential problems that could occur from excessive seepage. 
 

The SLOPE/W software is also available from GEO-SLOPE.  SLOPE/W is a special-purpose 
computer code designed to analyze the stability of earth slopes using two-dimensional, limit 
equilibrium methods. For the slope stability analysis, the phreatic conditions/steady-state 
pore pressures obtained from the SEEP/W model were used.  The slope stability factors of 
safety met the target value of 1.5. 

Details of these analyses are included in the calculation package in appendix B. 
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3.2. Bulkhead 

A steel bulkhead was designed equipped with two grout injection ports, air/water release port 
(for North Spillways only), valves and pressure gauges, and the struts and screw jacks to 
hold the bulkhead securely against the outlet pipe.  The bulkhead was 5/8-inch thick steel 
plate.  Four-inch diameter Schedule 40 black steel will be used for grout pipes, and bronze 
ball valves were used to block flow at completion of grouting.  The steel struts extended from 
the bulkhead to the backside of the cofferdam and consisted of 5 inch diameter, Schedule 40 
black steel pipe. 

The bulkhead system was sized based on the maximum grout pressures.  This was based 
on the maximum elevation of grout placed in the riser and the maximum allowable pressure 
at the bulkhead.  The struts were analyzed as columns.  Sizing of the struts and bulkhead 
were determined based on the American Institute of Steel Design “Manual of Steel 
Construction – Load and Resistance Factor Design”. 

3.3. Graded Filter 

The purpose of the graded filter was to control potential future seepage flowing along the 
outside of the spillway pipes and to prevent migration of soil particles.  The design criteria 
used for the filter were taken from the U.S. Army Corps of Engineer (USACE) Engineering 
Manual EM1110-2-2300, Appendix B.  The material uses a step approach in designing the 
filter materials.  The results indicated that concrete sand, overlain by No. 57 stone, overlain 
by No. 3 stone would provide an adequate filter. 

3.4. Pipe Plug  

As part of the contingency plan, an inflatable plug was inserted into the riser base at the 
beginning of a defined “critical period”.  The plugs were inserted into the vertical risers of the 
East and South Spillways (these are located in the active ash ponds).  The intent of the plug 
was to prevent an accidental release of ash or water into Kentucky Lake if the risers toppled 
over during construction when the outlet pipes were exposed. 

The worst case condition was assumed in the analysis to be the maximum pressure on the 
plug if the entire riser falling over and an ash/water slurry covered the pipe plug up to the 
pool elevation.  This maximum pressure was compared to the manufacturer’s specifications 
to select the pipe plug to be used. 

3.5. Grout 

It was imperative that the grout mix design selected be flowable such that the entire pipe and 
section of riser could be filled prior to the grout setting.  Specifications for shrinkage and 
strength were also provided.  However, the original specification for shrinkage was relaxed 
after it was deemed too difficult to obtain while preserving the fluidity requirement. 
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The design team worked with the local ready mix company to develop a mix design.  After 
testing several trial batches, the team selected a mix design with the following proportions 
(per Cu. Yd.): 

525 lbs  Cement 
130 lbs  Fly Ash 
1850 lbs  Concrete Sand 
1000 lbs  Pea Gravel 
32 oz   High Range Water Reducer (Glenium 7500) 
20 oz   Set Retarding Admixture (Pozzolith 300R) 
40 gal  Water 

4. Permits 

TVA was responsible for securing the necessary permits for this project.  The following 
permits were required for this project. 

 United States Army Corps of Engineers (USACE) 404 Permit. 

 Tennessee Department of Conservation (TDEC), Aquatic Resource Alteration Permit 
(ARAP) 401 Blanket Permit. 

 TVA Excavation Permit. 

5. Construction 

5.1. Cost Estimate 

The cost estimate for the project was provided by the Contractor.  TVA contracted with the 
Environment and Technology Group for this project. 

5.2. Schedule 

Based on the construction schedule, the Contractor completed construction of the project in 
approximately 34 weeks. 

5.3. Implementation 

The main construction components for abandonment of the spillways consisted of: 

 Construction of Sheet Pile Cofferdams (East Spillways) – This consisted of driving 
sheet piles with vibratory hammers.  After the sheet piles were installed, a partial 
excavation was completed to allow installation of the shoring system.  The primary 
excavation was then executed. 

 Construction of Rock Cofferdams (North and South Spillways) – This involved placing 
crushed stone, riprap, and heavy plastic liner to control seepage.  After these 
materials were in place, the inside of the cofferdam was excavated to expose the 
spillway pipe.  Continuous pumping was required to keep the cofferdam from filling 
with water. 
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 CCTV Inspection and Pipe Cleaning – Prior to grouting, the inside of each spillway 
pipe was inspected with a CCTV camera to identify major defects in the pipes or at 
the joints and to look for seepage.  No major defects were found.  The pipe was 
cleaned with high pressure nozzles to remove all dirt and sediment buildup.  A final 
inspection will be performed to verify that the cleaning process did not cause any 
damage to the pipe. 

 Bulkhead Installation – A steel bulkhead was installed over each spillway pipe.  This 
bulkhead was held in place by steel struts that were braced against sheet piles.   

 Grouting – A fluid grout was pumped through the bulkheads and into the spillway 
pipes to the specified elevation and/or pressure. 

 Graded Filter – After grouting was complete, a graded filter was installed over the 
spillway pipe.  The excavations were then backfilled according to the method 
specified. 

The Contractor developed his/her own means, methods, sequencing and schedule for 
construction of the improvements. 

Stantec issued a Construction Certification Report and Record Drawings at the conclusion of 
construction. 

6. Operational and Maintenance Features 

No operation or maintenance features are required for this project. 

7. Closure 

This report was prepared to present pertinent information to document design activities for 
the Existing Spillway Closure Project at JOF’s Ash Disposal Area No. 2.  In general, 
guidelines presented in the TVA Coal Combustion Products Management Program, Master 
Programmatic Document, Volume 2, Section 2.1 were followed in preparing this report. 
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