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1. INTRODUCTION 

The purpose of this Construction Quality Assurance/Quality Control (QA/QC) Plan is to outline 
the observation and testing requirements needed to document and verify that the Tennessee 
Valley Authority (TVA) Ash Pond 4 (Pond 4) is constructed in conformance with the approved 
construction documents. This QA/QC Plan details the material requirements, sampling and 
testing procedures, testing frequency, testing parameters and sampling locations, surveying 
requirements, required documentation and the procedures to follow in the case of a test 
failure. 

The following sections address QA/QC activities associated with components of the project.  
These components will include some, but not necessarily all, of the following:  

 Earth Materials; 

 Aggregates; 

 Geosynthetics;  

 Concrete; 

 Piping; and 

 Survey  

1.1 PROJECT DESCRIPTION 

Pond 4, encompasses approximately 52 acres, and has a free water volume of approximately 
330,000 CY.   Pond 4 consists of a sluicing area for bottom ash management, a main pond, and 
adjoining stilling pond.  Pond 4 receives Plant process water, gray water, and waters from the 
Coal Yard Runoff Pond (CYROP). Upon Plant closure and cleanout, the only remaining flows will 
be the Plant sumps, gray water, and waters from the CYROP.  Plant sumps and gray water will 
be rerouted to the CYROP as part of a separate project.  

As part of TVA’s Programmatic Goals, Pond 4 will be closed and capped with geosynthetics and 
clay liner. Following Plant closure (March 23, 2016), Pond 4 will remain open for approximately 
three to six months to allow receipt of Plant clean-out/wash-down materials.  Following Plant 
clean-out activities, the area will be filled/graded with the bottom ash and fly ash currently 
stacked in the southwestern portion of the pond footprint.  The dike height will also be reduced 
and the existing clay dike  used to fill portions of Pond 4 and for the construction of the cap 
system.  

The project will address storm water management concerns present at Pond 4 including the 
modification of existing terraces and letdowns, as needed, to promote positive drainage and 
the sizing of storm water structures (terraces, letdowns, culverts, etc.) to handle the anticipated 
storm water flows after the closure of the Pond 4. The Pond 4 will have a final cover system 
consisting of a flexible membrane liner, geocomposite drainage layer, Cap Cover Soil, and 
vegetation.  
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2. QA / QC PROGRAM 

2.1 QUALITY ASSURANCE 

Quality Assurance (QA) starts at the beginning of the project during preparation of the 
engineering plans and specifications. At this stage, the QA/QC plan outlines means and actions 
to be employed by the Owner through the Construction Quality Assurance (CQA) team to 
evaluate and measure conformity with the design, production (manufacture and fabrication), 
and installation of equipment and materials in accordance with this QA/QC plan as well as with 
the plans and specifications.  

The objective of QA is to provide observations and tests that assist in evaluating whether the 
construction has been performed in accordance with the plans and specifications. Quality 
Assurance is defined as a process that assures that quality criteria are met.  QA consists of many 
aspects including third party observation of construction activities and completing construction 
in conformance with the Contract Documents which includes the CQA Plan, and the review of 
Quality Control (QC) information provided by manufacturers, vendors, and contractors. QA also 
consists of working with the Owner to evaluate the experience of contractors, subcontractors, 
and inspectors, and obtaining quality materials. QC is provided by the manufacturers, vendors 
and contractors for their respective products and work, and QC documents are reviewed by the 
Project and/or Resident Engineer.  

2.2 QUALITY CONTROL 

QC is inspection, analysis, and/or action required to ensure quality of output and includes 
actions taken by all parties including the designer, manufacturer, fabricator, and/or Contractor, 
to ensure that their methods, materials, and workmanship are accurate, correct, and meet the 
project requirements, in accordance with the approved plans and specifications. QC is provided 
by each party for its own work, product, or service. 

2.3 ROLES AND RESPONSIBILITIES 

 OWNER AND OPERATOR 2.3.1

The plant and its ancillary functions are owned and operated by the Tennessee Valley Authority 
(Owner). The Owner will be responsible for overall management of construction activities 
including contracting and administration. The Owner will designate an on-site representative to 
serve as Construction Manager (CM). 

2.3.1.1 Construction Manager  

The role of the CM is solely dependent on the needs and preferences of the Owner.  
Comprehensive construction managers provide a wide range of services and can be involved in 
both the design and construction phases of a project. In general, a CM provides leadership to 
the construction team, and coordinates between the Owner, CQA Consultant, and Contractor 
to plan and oversee the completion of a project. Responsibilities of the Construction Manager 
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may include managing the budget, construction progress, schedule, and settling any 
disagreements between the Project/Resident Engineer and the Contractor on issues that arise 
during CQA activities.  

 CONTRACTOR 2.3.2

The Contractor for this project will be selected by the Owner. The Contractor will be 
responsible for construction activities associated with this project including meeting all of the 
requirements for project quality as defined in the Contract Documents, Contract Drawings, 
construction schedule, plans, and specifications for his work as well as that of his 
Subcontractors. 

 CQA CONSULTANT 2.3.3

The CQA Consultant is responsible for making observations and performing field tests to 
provide written documentation that a facility is constructed in accordance with the applicable 
plans, including this QA/QC Plan, and specifications. The CQA Consultant may contract with 
third party testing firms to conduct on-site and laboratory testing, as necessary. The following 
section provides a description of the typical CQA Consultant team, including each member’s 
roles and responsibilities. 

2.3.3.1 Certifying Engineer 

The CQA Certifying Engineer is responsible for certifying to the Owner and the regulatory 
agency that the facility has been constructed in accordance with the plans, drawings, and the 
approved QA/QC Plan. The Certifying Engineer serves as the Professional Engineer for the 
project and documents the as-built construction in a final certification report. 

2.3.3.2 Project Engineer 

The CQA Project Engineer is responsible for providing engineering and technical support to the 
field CQA team throughout the construction process. The Project Engineer works closely with 
the Construction Manager to assist with calculations and complete take-offs in support of as-
built quantities for payment. The Project Engineer also reviews submittals and Requests For 
Information (RFI) from the Contractor, reviews and maintains QA/QC data, and coordinates all 
supplementary laboratory testing of geosynthetics and soils.  The Project Engineer will provide 
the following on-site QA personnel as needed and as directed by the Construction Manager: 

 Resident Engineer; 

 CQA Inspector;  

 Third party CQA testing firm; and  

 Third party surveying firm. 

2.3.3.3 Resident Engineer 

The Resident Engineer (RE) will monitor work to evaluate conformance with the construction 
plans and specifications. Specific duties include: 
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 Coordinate submittal reviews with the Project Engineer for compliance with contract 
documents; 

 Coordinate between the Construction Manager, Contractor and Project Engineer to resolve 
design issues; 

 Coordinate responses to RFIs and other technical issues with the Project Engineer; 

 Monitor construction progress and review Contractors Construction Quality Control (CQC) 
and as-built documentation on a daily basis; 

 Represent the Project Engineer at on-site meetings; 

 Plan, schedule and provide oversight of QA/QC testing and surveying Subcontractors; 

 Document construction progress and QA/QC activities with daily reports and photographs; 
and, 

 Notify the TVA Construction Manager and Project Engineer of any deficiencies or non-
conformance observed. 

The Resident Engineer will distribute copies of test reports and other QA/QC documentation as 
directed by the Construction Manager.  

2.3.3.4 CQA Inspector 

The CQA Inspector will observe and document construction activities for compliance with the 
contract documents. Specific duties of the CQA Inspector include: 

 Observe and document construction related activities;  

 Observe and document geosynthetic installation activities;   

 Coordinate testing with CQA Subcontractor; 

 Monitor delivery, handling, and on-site storage of construction materials;  

 Evaluate conformance of borrow source materials; 

 Observe material placement and testing; 

 Observe the installation and testing of mechanical and electrical systems; and, 

 Coordinate material sampling and shipping for laboratory testing.  

Other duties and responsibilities of the CQA Inspector will be determined by the Resident 
Engineer and TVA Construction Manager as the work progresses. 

2.3.3.5 CQA Subcontractors 

The CQA Consultant will subcontract with a construction materials testing and inspection firm 
for field and laboratory testing as needed. The CQA Subcontractor will provide field technicians 
for on-site testing and observance including: 

 Compaction testing of soils; 

 Testing of concrete slump, temperature, and air content; 

 Preparing concrete test specimens; and, 
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 Observation of laying of pipes. 

Anticipated laboratory testing includes: 

 Compressive strength testing of concrete cylinders; 

 Pre-qualification testing of soils; and, 

 Conformance testing of geosynthetic materials. 

2.4 STOP WORK AUTHORITY 

The CQA Consultant will advise the TVA Construction Manager that the Contractor should stop 
work in situations of recognizable stability issues, deviations from design and significant cost or 
schedule impacts. The TVA Construction Manager will obtain approval from the TVA Project 
Manager prior to stopping the Contractor's work. In situations where personnel safety is 
concerned, the CQA Consultant will advise the Contractor to stop work and notify the TVA 
Construction Manager as soon as possible of that action. 
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3. PRELOADING PROGRAM 

3.1 PRELOADING 

The following sections discuss the specific CQA requirements for the monitoring and 
construction of settlement plates and required monitoring procedures for the proposed 
preloading program.  

3.1.1 SETTLEMENT PLATES AND PRELOADING PERIOD 

The project includes a minimum preload period for areas of the project where the proposed 
cap subgrades are to be higher than existing topographic or bathymetric grades.  The purpose 
of the preload is to induce a proportion of the consolidation settlement expected to occur in 
the existing ash materials, prior to construction of the permanent cap.  Preloading will include 
the following tasks: 

 Installation of settlement plates and risers. 

 Survey monitoring of settlement plates during filling activities and during the duration of 
the preloading period 

 Recording and communicating the survey data 

 Interpretation of data by the engineering team.   

The minimum preload period is three weeks, and the preload shall be considered to begin at 
any location after all fill material has been placed and the grade at that location has been raised 
to the proposed subgrade elevation.  

The Contractor shall document and report the date time grade has been raised to subgrade 
elevation at each settlement plate location to the Resident Engineer and CQA Inspector. 

The Resident Engineer and CQA Inspector shall approve the start and stop of the preload period 
before subsequent construction processes begin.  

The wait time between establishing cap subgrade and cap construction shall also be observed 
and reported to the Resident Engineer and CQA Inspector.  The settlement shall also be 
monitored during fill placement; this data should be communicated to the Project Engineer. 

3.1.2 SETTLEMENT PLATES INSTALLATION & FILL PROCEDURES 

Prior to the start of fill construction and the specified preloading period, settlement plates shall 
be set at the locations shown on the Contract Drawings. The following items pertain to 
settlement plate construction: 

 Each plate will be set to bear 12 inches below the existing grade elevation.  Plates will be 
constructed such that they are level, and all riser extension will be installed plumb.   
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 The location of each plate will be surveyed (northing, easting, and elevation at the top 
of the plate). The coordinates will be provided to the Resident Engineer in a tabular 
format.   

 Riser extensions will be added to the plates as filling is performed.  Riser segments will 
be 4 ft. in length.  The riser should extend a minimum of 3 ft. above grade at any time 
during fill placement activities and after fill placement is complete.         

 The contractor will take care not to damage the settlement plates during construction 
activities. Barricades/cones or other clearly visible means will be used to demarcate the 
plates and corresponding risers.  Heavy equipment tracks and compactors should not 
work within 3 ft. of any settlement plate riser. 

 The Resident Engineer will monitor installation of settlement plates and risers. 

3.1.3 SETTLEMENT MONITORING 

Survey monitoring of settlement plate risers will be performed and promptly reported during 
grading operations and during the duration of the preloading period.  The Contractor will 
perform and report all surveying.   

The Contractor will identify, set, and maintain an appropriate number of fixed benchmarks to 
facilitate the surveying of settlement plates. 

A fixed point (which will be clearly marked) will be established on each riser segment at each 
plate.  This point will be used as a reference point, to be surveyed.     

Survey events will then take place at the following intervals: 

 During fill placement activities, a survey reading event will take place at each instance 
where a riser is extended. The reference point on the lower segment and on the new 
extension segment will be shot and recorded. The elevation of the ground surface 5 ft. 
away from the riser will also be shot and recorded.   

 Upon reaching final subgrade elevation (and at the beginning of the specified preload 
period), the reference point on the final riser extension will be shot and recorded. 

 During the preloading period, the reference point on the final riser extension will be 
shot and recorded on a twice-weekly basis. 

3.1.4 SETTLEMENT MONITORING COMMUNICATION 

The Contractor will report all settlement plate survey data to the Resident Engineer on a weekly 
basis during fill placement activities, and within 2 days of each survey event during the 
preloading period. 
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The data will be communicated in tabular, Excel spreadsheet format and as a function of 
vertical deformation (defined as the reference elevation of the platform at the time of 
installation minus its current elevation) as a function of time.  

3.1.5 ENGINEER’S INTERPRETATION OF MONITORING RESULTS 

The Project Engineer will review the measured settlement data on an ongoing basis.  At the end 
of the specified preloading period, the Project Engineer will determine whether cap 
construction can begin or if the preloading period should be extended. 

4. EARTH MATERIALS 

The following section discusses the specific QA/QC requirements for the testing and 
construction of earth materials. Earth materials included in this project include: 

 Structural Fill; 

 Ash Fill; 

 Cap Cover Soil;  

 Trench Fill; and 

 Anchor Trench Fill 

4.1 STRUCTURAL FILL 

Structural fill will be used to modify terraces, fill trenches, fill anchor trenches, and to construct 
berms and roads. Excess or unsatisfactory material is to be removed and disposed of as 
directed by the Resident Engineer or CQA Inspector to the designated areas on-site stockpiles. 

 MATERIAL SPECIFICATIONS 4.1.1

Structural fill must consist of soil materials classified as SP, SM, SC, CL, CL-ML, or CH under the 
Unified Soils Classification System. Soils for construction of structural fill will be obtained from 
on-site and/or off-site borrow sources. The required prequalification testing for soil structural 
fill is summarized in Table A1. Soil material removed from excavations may be reused as fill 
provided it meets the requirements listed herein. Soil structural fill must consist of well-graded 
natural earth materials that are not excessively dry or saturated, and be free of organic 
materials, debris, waste, frozen materials, vegetation, roots, and other deleterious materials.  

All soil structural fill must be free of cobbles, stones, rock, gravel, or boulders greater than 6-
inches in diameter except the lift that is in direct contact with geosynthetics that must have a 
maximum particle size of less than 2 inches. Soil used as structural fill must have an organic 
content that does not exceed 5% by weight. 

The Contractor must provide materials meeting the requirements of this plan and the 
specifications from on-site and/or off-site sources. TVA only approves of borrow sites that meet 
NEPA requirements for offsite borrow sources. Preconstruction testing for soil structural fill in 
accordance with Table A1 must be completed prior to delivery to the site. 
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 CONSTRUCTION 4.1.2

Soil structural fill will be placed in loose-lifts and be compacted by a minimum of two passes (up 
and back over same area) of a compactor or as required to meet the minimum compaction 
requirements. The Contractor will overlap the passes so the entire area of structural fill 
placement is compacted. In addition, the Contractor will be required to key the structural fill 
into existing and/or constructed slopes with 2H:1V minimum benches.  

4.1.2.1 Pipe Trenches 

Structural fill used in pipe trench excavations will be placed only after the trench subgrade and 
pipe installation has been visually inspected and accepted by the Resident Engineer. Structural 
fill being placed shall be placed in accordance with the Contract Drawings in conveyance pipe 
trenches.  

The structural fill used in pipe trench excavations shall be deposited, spread in uniform 6-inch 
loose lifts by the Contractor, satisfactorily compacting each lift after placement. Trench Fill shall 
be used to bring the trench excavation to the required subgrade and/or final grade elevations 
as shown in the Contract Drawings. In areas where topsoil and seeding is required the final lift 
of soil should be capable of supporting vegetative growth. 

Structural Fill may be used to bring trench excavations to required subgrade/grade elevations. 
It should be noted: trench excavations shall have side slopes no steeper than 4H: 1V when cut 
in ash.  Stability of trench sidewalls is the responsibility of the Contractor.  The Contractor’s 
Excavation Competent Person will determine safe excavation slopes, in accordance with OSHA 
requirements.  Flatter slopes may be necessary to prevent cave-ins, especially during wet 
conditions, these potential hazards shall be mitigated by the Contractor. Contractor shall 
maintain access and egress to all excavations per governing agencies rules, regulations, and 
guidelines.   

4.1.2.2 Anchor Trench 

Structural fill shall be used in used to bring the anchor trench excavation to the required 
subgrade and/or final grade elevations as shown in the Contract Drawings. In areas where 
topsoil and seeding is required the soil should be capable of supporting vegetative growth. 

Structural Fill being placed shall be placed in accordance with the Contract Drawings and shall 
only be placed and compacted after the geosynthetics and Anchor Trench subgrade have been 
correctly installed and accepted by the Resident Engineer. 

 CONSTRUCTION TESTING 4.1.3

QA/QC activities include material source verification and inspection and testing during 
placement and grading. At completion, the layers will exhibit a thoroughly compacted, uniform 
and smooth surface, and be free from ruts, depressions, trash, and debris. 

In-place moisture/density testing and/or proofrolls of structural fill will be conducted by the 
CQA Inspector or CQA Subconsultant in accordance with the requirements listed in Table A1. 
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4.2 ASH FILL 

Ash fill will be used to bring the site to proposed top of subgrade elevations. Other ash 
material, sourced from elsewhere on property and at the direction of the Owner and with 
ADEM approval, may also be considered ash fill materials. 

 MATERIAL SPECIFICATIONS 4.2.1

The required prequalification testing for ash fill is summarized in Table A1. Ash fill must not be 
excessively dry or saturated, and be free of organic materials, debris, waste, frozen materials, 
vegetation, roots, and other deleterious materials. A large portion of the ash fill will require 
some moisture conditioning (i.e. drying). 

Ash fill in direct contact with geosynthetics that must have a maximum particle size of less than 
2 inches.  

 CONSTRUCTION 4.2.2

Ash fill will be placed in loose-lifts and be compacted by a minimum of four passes (up and back 
over same area) of a compactor or as required to meet the minimum compaction 
requirements. The Contractor will overlap the passes so the entire area of structural fill 
placement is compacted. In addition, the Contractor will be required to key the structural fill 
into existing and/or constructed slopes with 2 horizontal to 1 vertical minimum benches.  

 CONSTRUCTION TESTING 4.2.3

In-place moisture/density testing and/or proofrolls of structural fill will be conducted by the 
CQA Inspector or CQA Subconsultant in accordance with the requirements listed in Table A1. 

4.3 CAP COVER SOIL 

 MATERIAL SPECIFICATIONS 4.3.1

The cap cover soil layer will be used to provide protection for the geosynthetic cap system; and, 
to support the establishment of vegetation. QA/QC activities include material source 
verification and inspection during placement and grading. At completion, the cap cover soil 
layer will exhibit a well-drained, uniform and smooth surface, and be free from ruts, 
depressions, and debris.  

The cap cover soil must consist of soil materials classified as SC, CL, CL-ML, or CH under the 
Unified Soils Classification System. Soils may be obtained from on-site and/or off-site borrow 
sources. The required prequalification testing for the cap cover soil is summarized in Table A1. 
Soil material removed from dike excavations may be reused as fill provided it meets the 
requirements listed herein. The cap soil must consist of well-graded natural earth materials that 
are not excessively dry or saturated, and be free of organic materials, debris, waste, frozen 
materials, vegetation, roots, and other deleterious materials.  
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All cap cover soil must be free of cobbles, stones, rock, gravel, or boulders greater than 6-inches 
in diameter except the lift that is in direct contact with geosynthetics that must have a 
maximum particle size of less than 2 inches.  

The Contractor must provide materials meeting the requirements of this plan and the 
specifications from on-site and/or off-site sources. Preconstruction testing for cap cover soil in 
accordance with Table A1 must be completed prior to delivery to the site. 

 CONSTRUCTION 4.3.2

The Contractor will place the cap cover soil layer only after the geosynthetics layers have been 
accepted in writing by the Project Engineer. The Cap Cover Soil must be deposited, spread in 
uniform lifts, and tracked in place using low ground pressure equipment. 

If the soil to be used as the Cap Cover Soil layer complies with the requirements for the 
vegetative support, the Contractor may place the Cap Cover Soil layer in greater than or equal 
to 8-in. lifts, satisfactorily compacting each lift after placement.  See Table A1 for additional 
acceptance criteria details regarding the Cap Cover Soil. 

The material should be relatively free of debris, rock, plant materials, and other foreign matter. 
There shall be no material greater than 4-inch diameter except the lift in contact with the 
geosynthetics which shall not have any soil or aggregate greater than 2 inch in diameter. 

 CONSTRUCTION TESTING 4.3.3

The Cap Cover Soil layer should be visually inspected to evaluate conformance with the 
requirements of Table A1 and to ensure that the underlying geosynthetics were not damaged 
during placement. 
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5. AGGREGATE FILL AND RIP-RAP 

Durable crushed stone aggregate materials will be used for slope and channel protection (rip 
rap), bedding and stone backfill for structures, pipe bedding and initial backfill, access roads and 
haul roads. 

5.1 MATERIAL, CONSTRUCTION, AND DESIGN SPECIFICATIONS 

Material and construction requirements for aggregates are set forth in Table A1.  

5.2 MATERIAL SPECIFICATIONS 

Aggregate materials for use will be obtained from approved off-site borrow sources and must 
satisfy the requirements in the Contract Documents throughout delivery and use of the 
materials. The Contractor will submit certified laboratory test reports for each proposed borrow 
source material stating that the proposed material meets or exceeds the quality and durability 
requirements for aggregate as set forth in Table A1. 

5.3 CONSTRUCTION 

Bedding and backfill of structures:  Place to the thickness and elevations shown on the Contract 
Drawings and compact in place to achieve required compaction. 

Rip rap:  Place in a manner that will produce a reasonably well-graded mass of stone with 
smaller stone fragments filling the space between the larger ones, so as to result in the 
minimum practicable percentage of voids. Distribute all material so that there will be no large 
accumulations of either the larger or smaller sizes of rock. Place the final section of stone filling 
in conformance with the lines, grades, and thicknesses as shown on the Construction Drawings.  
Do not place or drop material from a height greater than 24”. 

Access roads: Spread in uniform loose lifts and compact with a compactor until the specified 
density is reached or until the material passes a proofroll as specified in Section 4.4.  

5.4 CONSTRUCTION TESTING 

Observation of aggregate placement will document that the correct materials are utilized, 
aggregates are placed to the lines and grades as shown on the construction drawings and 
thicknesses of layers are attained to meet the design intent. For aggregate used in bedding and 
backfill of structures, the aggregate will be field inspected and verified to meet conformance. A 
proofroll will be utilized for determining the adequacy of compaction for roadway materials. All 
testing will be observed by the Resident Engineer or the CQA Inspector in accordance with the 
requirements listed in Table A1. 
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6. GEOSYNTHETICS 

6.1 GEOMEMBRANE 

The geomembrane material used for the Flexible Membrane Liner (FML) will be textured 40-mil 
linear low-density polyethylene (LLDPE) geomembrane for the cap system as set forth in the 
project specifications. The Closure Cap System geomembrane will be placed over the existing 
cover soils (Coal Combustion Products and Structural Fill). The geomembrane for the Closure 
Cap System will be textured as indicated in the Contract Drawings. Results of the quality control 
testing will be submitted to the Project Engineer for review and concurrence that the reported 
test results meet with project specifications.  CQA inspection reports will be reviewed by the 
Resident Engineer.  

 MATERIAL, CONSTRUCTION, AND DESIGN SPECIFICATIONS 6.1.1

The textured geomembrane sheet for use in the Closure Cap System construction will be 40-mil, 
LLDPE containing no fillers or extenders. All LLDPE membrane to be installed will be textured.  

Materials and methods must comply with the following applicable provisions and 
recommendations of the following, except as otherwise shown or specified: 

 ASTM International – Standards Worldwide.  

 Geosynthetic Institutes’ GRI-GM9 “Cold Weather Seaming of Geomembranes”. 

 Geosynthetic Institutes’ GRI-GM14 “Selecting Variable Intervals for Taking Geomembrane 
Destructive Seam Samples Using the Method of Attributes” specification. 

 Geosynthetic Institutes’ GRI-GM17 “Test Properties, Testing Frequency and Recommended 
Warranted for Linear Low Density Polyethylene (LLDPE) Smooth and Textured 
Geomembranes” specification. 

 Geosynthetic Institutes’ GRI-GM19 “Seam Strength and Related Properties of Thermally 
Bonded Polyolefin Geomembranes” specification. 

It is the responsibility of the Contractor to verify that the most current version of the above 
referenced standards is adhered to. A summary of geomembrane material requirements is 
provided in Table A4 for the Closure Cap System geomembrane.  

 PRE-CONSTRUCTION MANUFACTURER / CONFORMANCE TESTING 6.1.2

The geomembrane manufacturer will perform quality control testing on the proposed 
geomembrane in accordance with Table A4. The complete textured sheet must demonstrate 
that it meets the properties listed in Table A4. Test reports documenting the results of the tests 
required in Table A4 must be submitted to the Project Engineer for review and verification that 
the reported test results meet with the project specifications at least 7 days prior to delivery of 
the geomembrane material to the job site. The material Manufacturer and Contractor must 
satisfy the Project Engineer that the material they propose to furnish and install will meet in 
every aspect the requirements set forth in these specifications and the requirements of Table 



 

Ash Pond 4 Final Closure QA/QC Plan 
Colbert Fossil Plant, Colbert County, Alabama Page 14 
 

 

 

A4. The Contractor must transmit to the Project Engineer all information given to him or her by 
the manufacturer or supplier 7 days prior to delivery of the geomembrane material to the job 
site. The site specific soils and representative samples of the geomembrane materials that will 
be used at the site must be tested for interface shear strength for all overlying and underlying 
materials over the entire range of normal stresses that will develop at the facility as specified in 
Table A2. For the Closure Cap System construction, the 40-mil LLDPE geomembrane to 
underlying subgrade and 40-mil LLDPE geomembrane to geocomposite drainage layer must 
meet the requirements of Table A2 and Figure A2. For textured geomembrane, the 
manufacturer shall identify, if applicable, which side of the product is intended to be installed 
upward and which downward and the Contractor shall be made to confirm their intentions for 
installation. When agreed, the independent laboratory shall be instructed to arrange the test 
layers in the exact manner as intended to be installed. 

 DEPLOYMENT 6.1.3

Seams are to be oriented parallel to the line of maximum slope, i.e., oriented along, not across, 
the slope. In corners and odd-shaped geometric locations, the number of seams must be 
minimized. If horizontal seams are deemed necessary and acceptable to the Resident Engineer 
or CQA Inspector, seams are to be staggered a minimum distance of ten feet between adjacent 
seams. Horizontal seams must not be within five (5) feet from the toe of slopes, or areas of 
potential stress concentration, unless otherwise approved by the Project Engineer. 

Geomembrane placement will not proceed when the sheet temperature measured by placing a 
thermometer on the surface of the sheet is below 32°F or above 104°F for extrusion welding 
and 140°F for fusion welding. Deviations from these temperature criteria may only occur when 
authorized by the Owner and with the concurrence of the Project Engineer. Geomembrane 
placement will not be performed during any precipitation, fog, snow, in areas of ponded water, 
or in the presence of excessive winds. 

During deployment of the geomembrane, ensure the following conditions are satisfied and 
documented for submittal to the CQA inspector: 

 The double-sided, textured membrane is being deployed in the same manner as 
recommended by the manufacturer and as tested by the independent quality assurance 
testing laboratory and approved the engineer.  

 The method and equipment used to unroll the panels does not cause scratches or crimps in 
the geomembrane and does not damage the supporting soil and the method used to place 
the panels minimizes wrinkles. 

 For fusion seaming, a rub sheet may be required directly below each overlap of 
geomembrane to be seamed in order to prevent any moisture build-up between the sheets. 
The rub sheet should be removed after welding is completed.  

 For extrusion seaming, the geomembrane is to be cleaned using a disc grinder or equivalent 
prior to seaming. 
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 Equipment utilized to deploy the geomembrane shall be rubber tired and shall not exceed a 
wheel contact pressure of 5 psi. 

 CONSTRUCTION TESTING 6.1.4

All geosynthetics field construction will be completed in accordance with the manufacturer’s 
recommended installation procedures and the construction and testing specifications. 

Construction QC Information 

As the documentation is completed, the Contractor will provide the following QC information 
to the CQA Inspector or Resident Engineer for review, concurrence and project record-keeping: 

 Panel placement map 

 Subgrade acceptance forms 

 Trial welds 

 Panel placement logs 

 Panel seaming logs (with the seamer identified) 

 Non-destructive test results 

 Destructive test results 

 Repair logs (with the seamer identified) 

The construction details for all deployed geomembrane will be recorded on individual forms 
acceptable to the Resident Engineer (see Appendix A – Forms and Logs). In addition to reviews 
of QC documentation, the CQA Inspector will visually observe installed geomembrane for 
damage and conformance with the construction and testing specifications. 

Trial Welds 

Trial welds will be made on pieces of geomembrane to verify that seaming conditions are 
adequate. Such trial seams will be performed once in the morning and once in the afternoon, 
when operators change, when an apparatus is turned off and restarted, or when the 
geomembrane temperature changes by 36 degrees Fahrenheit or more since the previous trial 
weld was performed. A passing trial seam will be made for each seaming device and technician.  
A change in technician or machine on a previously passed trial seam warrants the welding of a 
new passing trial seam.  At least 5 peel tests and 5 shear tests shall be performed per trial weld. 

Non-Destructive Testing  

The Contractor will non-destructively test field seams over their full length using a vacuum test 
unit (for extrusion seams only), air pressure test, or other acceptable method. The testing will 
be completed to the accepted standards of the industry. Non-destructive testing will be 
completed on 100 percent of the seams as the seaming work progresses. The Contractor will 
complete any required repairs in accordance with industry standards.   

Unless otherwise specified, air pressure testing of the seamed channel will include inflating the 
test channel, closing the valve, and observing initial pressure after approximate air temperature 
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and pressure have stabilized. The initial pressure will be set appropriately as indicated in Table 
A4, and the test will last for 5 minutes after reading the initial test pressure.  If pressure loss 
exceeds 3 psi, or if the pressure does not stabilize, locate the faulty area and repair. Flap 
welding is not an acceptable repair for a failing air channel test. For passing tests, at the end of 
the 5-minute period, the far end of the seam will be cut and the resultant pressure drop noted.  

Vacuum testing will be required on all extrusion welded seams. To vacuum test, the Contractor 
will turn on the vacuum pump to reduce the vacuum box to approximately 5 psi. They will apply 
liquid soap and water solution to the area to be tested, place the vacuum box over the area to 
be tested and apply sufficient downward pressure to "seat" the seal strip against the 
geomembrane. Once a tight seal is created, the CQA Inspector will observe the seam through 
the window for a period of not less than 10 seconds. If no bubbles appear after 10 seconds, the 
Contractor may proceed to the next segment of seam to be tested. Non-passing tests will be 
marked and repaired in accordance with the specifications. 

Destructive Testing 

Destructive seam tests will be performed at locations selected by the CQA Inspector, at a 
minimum of one per every 500 feet of seam completed by a particular apparatus. The spacing 
for taking field seam samples for destructive testing is to be at a minimum of 1 per 500 feet of 
seam length, or as by directed by the CQA inspector. As the project continues and data is 
accumulated, however, this sampling interval may be varied according to the procedure set 
forth in GRI GM14 upon approval by the Resident Engineer. Following this procedure will result 
in three possible different situations: 

 Good seaming with fewer rejected test results than the preset historic average can result in 
a sequential increase in the spacing interval, i.e., one per greater than 500 ft. 

 Poor seaming with more rejected test results than the preset historic average can result in a 
sequential decrease in the spacing interval, i.e., one per less than 500 ft. 

 Average seaming with approximately the same test results as the preset historic average 
will result in the spacing interval remaining the same, i.e., one per 500 ft. 

All holes in the geomembrane resulting from destructive seam sampling will be immediately 
repaired.  Samples will be cut by the Contractor as the seaming progresses and receives passing 
results prior to being covered by overlying materials.  The CQA Inspector will: 

 Select the locations for the destructive samples; 

 Assign a number to each sample, and mark it accordingly; 

 Observe sample cutting; 

 Record the sample location on the layout drawing; and 

 Record the reason for taking the sample at this location, if not taken due to statistical 
routine. 

A specimen for field testing will be cut into three parts and distributed as follows: 
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 One for field testing by the Contractor, 

 One for independent laboratory peel and shear testing, and  

 One to the Owner for archive storage.  

The field specimen will be tested in the field with a tensiometer for peel and shear (minimum 5 
peel and 5 shear), and will meet the minimum requirements presented in Table A4. If any field 
or laboratory test sample fails to pass, then additional samples will be collected a minimum of 
ten feet on either side of the failing sample bounding the failing test until two bounding, 
passing tests are recorded. The failed section between two bounding, passing tests will be cap-
stripped and tested by vacuum testing to the satisfaction of the CQA inspector Technician. The 
CQA Inspector will observe field tests and mark all samples.  

Destructive test samples will be packaged and shipped by the Resident Engineer to an 
independent testing laboratory. Peel and shear destructive seam sample testing will be 
performed with a calibrated tensiometer. Collect destructive test samples once per every 500 
lineal feet of seam length or at least one (1) sample per welder per day. If a sample fails, then 
additional samples will be collected bounding the failing test until two bounding, passing tests 
are recorded. The failed section between two bounding, passing tests will be cap-stripped and 
tested by vacuum testing to the satisfaction of the Resident Engineer. The CQA Inspector or 
Field Technician will observe field tests and mark all samples and portions with the 
corresponding identification number. 

All testing will be performed in the manner and at the frequency identified in Table A4 at the 
end of this plan. Panel layout drawings (field sketches) of the deployed and tested 
geomembrane will be prepared by the Contractor and reviewed for conformance by the 
Resident Engineer. All field testing equipment must be calibrated in accordance with Table A3. 

6.2 GEOCOMPOSITE 

The QA/QC activities for the geocomposite drainage layer will include source verification 
(quality control testing), conformance testing, observation of delivered material, and 
documentation of geocomposite placement. The geocomposite layer will collect and convey 
liquid infiltrating from above to collection pipes located at specific intervals as located in the 
Contract drawings.  At completion, the geocomposite layer will be smooth, without wrinkles, 
tears, or holes, and must cover the entire surface of the prepared subgrade. The geocomposite 
must be directly connected to the adjacent collection pipes such that liquid flows from the 
geocomposite unimpeded into the collection pipes. 

 MATERIAL DESIGN SPECIFICATIONS AND MANUFACTURER TESTING 6.2.1

The geocomposite to be used in the final Closure Cap System, as shown on the Contract 
Drawings, will include geotextile layers factory heat-bonded to both sides of an HDPE geonet, 
meeting the requirements of Table A5. Results of the manufacturer’s quality control testing and 
inspection reports will be submitted to the Project Engineer for review and verification that the 
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reported test results meet with project specifications at least 7 days prior to delivery of the 
geocomposite to the job site. 

 PRE-CONSTRUCTION AND CONFORMANCE TESTING 6.2.2

The geocomposite manufacturer will perform quality control testing on the proposed 
geocomposite in accordance with Table A5. The geocomposite must demonstrate that it meets 
the properties listed in Table A5. Test reports documenting the results of the conformance tests 
required in Table A5 must be submitted to the Project Engineer for review and verification that 
the reported test results meet with the project specifications at least 7 days prior to delivery of 
the geocomposite to the job site. The geocomposite material chosen by the Manufacturer and 
Contractor to supply and install will meet every aspect of the requirements set forth in these 
specifications, the requirements of Table A5, and satisfy the Project Engineer. The Contractor 
must transmit to the Project Engineer all information given to him by the manufacturer or 
supplier 7 days prior to delivery of the geocomposite to the job site. The specific soils and 
representative samples of the geocomposite materials that will be used at the site must be 
tested for interface shear strength over the entire range of normal stresses that will develop at 
the facility as specified in Table A2. For the closure cap system construction, the 40-mil LLDPE 
geomembrane to geocomposite drainage layer and geocomposite drainage layer to Cap Cover 
Soil must meet the requirements of Table A2 and Figure A2. 

 CONSTRUCTION 6.2.3

Panels shall be deployed with the machine direction in the predominate direction of flow, or as 
directed by the Engineer.  Each component of the geocomposite (geotextile and geonet) will be 
secured or seamed to the like component at overlaps using visibly contrasting fasteners. 
Adjacent edges of geonet along the length of the geocomposite should be overlapped a 
minimum of 3 inches or in accordance with manufacturer’s specifications. These overlaps will 
be joined by tying the geonet cores together with fasteners or polymeric braid. These ties will 
be spaced every 5 feet along the roll length. A complete interlocking of the two overlapped 
layers will occur. Adjoining geocomposite rolls (end to end) along the roll width should be 
shingled down in the direction of the slope, with the geonet portion of the top geocomposite 
overlapping the geonet portion of the bottom geocomposite a minimum of 12-inches across 
the roll width. Geonet should be tied every 12-inches across the roll width and every 6-inches in 
the anchor trench.  

The bottom layer geotextile will be overlapped. The top layer of geotextile will be joined by 
sewing or heat bonding.  Geotextiles must be overlapped a minimum of 4-inches prior to heat 
bonding or sewing or in accordance with manufacturer’s specifications. If heat bonding is to be 
used, care must be taken to avoid burn through of the geotextile. If sewing of geotextiles seams 
is to be used, a flat (prayer) seam, “J” seam, or “butterfly-folded” seam with visibly contrasting 
thread is required unless an alternative method is approved by the Resident Engineer. The 
seam must be a two-thread, double-lock stitch, or a double row of single-thread, chain stitch. 
The Contractor will not leave tools, debris, or surplus materials on the surface.   
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 CONSTRUCTION TESTING 6.2.4

Seams for the geocomposite will be 100% visually inspected, including inspection of the geonet 
seams, inspection of the lower geotextile overlaps, and inspection of the upper geotextile 
sewing or heat seaming to evaluate conformance with the requirements of Table A5.   

6.3 GEOTEXTILES 

Non-woven geotextile will consist of continuous filament needle punched non-woven 
polypropylene, polyethylene or polyamide fabric oriented into a stable network that retains its 
relative structure during handling, placement, and long-term service. Geotextiles will be used as 
a separation fabric in the construction of aggregate surfaced roads and will be installed prior to 
the placement of rip rap.  

 MATERIAL DESIGN SPECIFICATIONS AND MANUFACTURER TESTING 6.3.1

The geotextile to be used in the final Closure Cap System, as shown on the Contract Drawings, 
will include geotextile meeting the requirements of Table A6. Results of the manufacturer’s 
quality control testing and inspection reports will be submitted to the Project Engineer for 
review and verification that the reported test results meet with project specifications at least 7 
days prior to delivery of the geocomposite  to the job site. 

 PRE-CONSTRUCTION AND CONFORMANCE TESTING 6.3.2

The geotextile manufacturer will perform quality control testing on the proposed geotextile in 
accordance with Table A6. The Contractor must demonstrate that the geotextile meets the 
properties listed in Table A6. Reports documenting the results of the tests required in Table A6 
must be submitted to the Project Engineer for review and verification that the reported test 
results meet with the project specifications at least 7 days prior to delivery of the geotextile to 
the job site. The geotextile manufacturer and Contractor must satisfy the Project Engineer that 
the material they propose to furnish and install will meet in every aspect the requirements set 
forth in these specifications and the requirements in Table A6. The Contractor must transmit to 
the Project Engineer all information given to him by the manufacturer or supplier 7 days prior 
to delivery of the geotextile materials to the job site. The specific soils and representative 
samples of the geotextile materials that will be used at the site must be tested for interface 
shear strength over the entire range of normal stresses that will develop at the facility as 
specified in Table A2.  

 CONSTRUCTION 6.3.3

Nonwoven geotextiles will be placed at the locations shown on the Contract Drawings. All 
geotextile panels must have their seams overlapped a minimum of 24-inches. Other securing 
methods must be approved by the Project Engineer prior to use. 

When placing aggregate over the geotextile, a minimum of 12-inches of the material must be 
placed onto the fabric in advance of either tracked or rubber-tired construction equipment 
operating on top of it, as specified. The aggregate must be placed in the same direction as the 
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fabric is seamed and only pushed upslope, never downslope. Extreme care is required by the 
Contractor so that the equipment operator does not cause damage to the geotextiles. At no 
time will construction equipment be permitted to track directly on the fabric. Any damage to 
the geotextile fabrics must be repaired by the Contractor (using methods acceptable to the 
Resident Engineer) at no additional expense to the Owner. 

 PRE-CONSTRUCTION INTERFACE TESTING 6.3.4

The specific soils and representative samples of the geosynthetic materials that will be used at 
the site will be tested for interface shear strength over the entire range of normal stresses that 
will develop at the facility. Prior to the initial use of each specific geosynthetic material in the 
construction of engineered components including or adjacent to geosynthetic layers at the 
facility, the appropriate shear strengths for all soil to geosynthetic and geosynthetic to 
geosynthetic interfaces will be determined by direct shear testing in accordance with ASTM 
D5321. 

6.3.4.1 Test Requirements 

Testing will be performed for each interface and per the parameters specified in Table A2.  The 
Contractor is responsible for providing representative samples in sufficient size of all soil and 
geosynthetic materials to be tested no less than three weeks prior to the start of geosynthetic 
material delivery. Every effort should be made to utilize actual soils proposed for construction. 
 
The Contractor shall also state the manufacturer’s recommendation, where applicable, 
regarding which side of the geosynthetic product is to be deployed upward and which 
downward, and also confirm that this is the installer’s plan for deployment of the individual 
products. The Contractor shall also verify that the manufacturer has provided clear instructions 
regarding how to determine which side is which, when applicable, in the field such that the 
installer and CQA inspector can easily determine the correct deployment direction. 
 
The Contractor is responsible for providing materials that exhibit sufficient interface strength to 
meet the requirements of this specification.  The required peak interface shear strength with 
respect to deep failure of the geomembrane with all associated interfaces must be greater than 
the peak required by the “system residual shear strength value.” The system residual value is 
defined as the residual shear strength value corresponding to the lowest peak strength for all 
materials and interfaces (i.e. weakest link design). The average asperity height of the sample 
from a passing interface shear test will become the new minimum average asperity height for 
all geomembrane rolls deployed for the project. 
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7. CONCRETE 

The following sections discuss the specific CQA plan requirements for the testing and 
construction of concrete structures as well as the CQA plan requirements for grout.  

7.1 CAST-IN-PLACE CONCRETE 

Cast-in-place concrete is to be used for the construction of headwall and outlet structures. 

 MATERIAL, CONSTRUCTION, AND DESIGN SPECIFICATIONS 7.1.1

Material and construction specifications for cast-in-place concrete are set forth in the Contract 
Documents. 

 PRE-CONSTRUCTION CONFORMANCE TESTING 7.1.2

Cast-in-place concrete for use shall be obtained from approved concrete suppliers and shall 
satisfy the requirements in the Contract Documents throughout delivery and placement of the 
materials. The Contractor shall submit certified laboratory test reports for each proposed cast-
in-place concrete supplier stating that the said material meets or exceeds the requirements set 
forth in the Contract Documents. 

 CONSTRUCTION 7.1.3

Place cast-in-place concrete at the locations, lines, grades, and dimensions shown on the 
Drawings. The subgrade for cast-in-place concrete structures shall be prepared as shown in the 
Contract Drawings. All formwork, rebar, anchors, and other embedded items for cast-in-place 
concrete shall be placed and constructed in accordance with the Contract Documents. Concrete 
shall be placed, consolidated, and cured in accordance with the Specifications. Concrete joints 
shall be located where shown on the Drawings and constructed in accordance with the 
Drawings and Specifications. 

 CONSTRUCTION TESTING 7.1.4

Observation of concrete placement should document that the correct materials are used and 
suitable construction procedures are being utilized. Onsite testing includes compressive 
strength test cylinders, slump, entrained air, concrete temperature, and unit weight.  

Concrete properties shall meet requirements set forth in Table A7, unless explicit approval to 
deviate is given by the Engineer. 

7.2 GROUT 

Grout is to be used to abandon portions of the existing spillway pipes, and the CYROP discharge 
Pipe. 

 MATERIAL, CONSTRUCTION, AND DESIGN SPECIFICATIONS 7.2.1

Material and construction specifications for grout are set forth in Table A7. 
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 PRE-CONSTRUCTION CONFORMANCE TESTING 7.2.2

Grout for use shall be obtained from approved concrete suppliers and shall satisfy the 
requirements in the Contract Documents throughout delivery and placement of the materials. 
The Contractor shall submit certified laboratory test reports for each proposed ready-mix grout 
supplier stating that the said material meets or exceeds the requirements set forth in the 
Contract Documents. 

 CONSTRUCTION 7.2.3

Place grout at the locations, lines, and dimensions shown on the Drawings.  

 CONSTRUCTION TESTING 7.2.4

Observation of grout placement should document that the correct materials are used and 
suitable construction procedures are being utilized. Onsite testing includes compressive 
strength test cylinders. 

Grout properties shall meet requirements set forth in Table A7, unless explicit approval to 
deviate is given by the Project Engineer. 
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8. PIPING 

8.1 PIPING SYSTEMS AND STORM WATER STRUCTURES 

All piping and storm water structures used as part of the closure design will be to the sizes and 
installed in locations as shown on the Contract Drawings. 

 MATERIAL, CONSTRUCTION, AND DESIGN SPECIFICATIONS 8.1.1

A summary of piping material and construction requirements is provided in the Contract 
Documents. 

 PRE-CONSTRUCTION CONFORMANCE TESTING 8.1.2

Contractor must submit shop drawings and material samples for each type of pipe and each 
structure intended for installation to the Resident Engineer for review and approval.  The 
Resident Engineer will verify that the materials meet or exceed the minimum requirements of 
the Contract Documents.   

 CONSTRUCTION 8.1.3

Care will be taken during transportation of the pipe such that it will not be cut, kinked, or 
otherwise damaged. Pipes will be handled and stored in general accordance with the 
Manufacturer’s recommendation. The handling of joined pipe will be in such a manner that the 
pipe is not damaged by dragging it over sharp and cutting objects. Slings for handling the pipe 
will not be positioned at joints. Sections of the pipes with deep cuts and gouges will be 
removed and the ends of the pipe rejoined. 

Pipes and storm water structures shall be installed to the elevations, lines, and grades shown in 
the Contract Drawings. Pipes shall be bedded and backfilled as shown in the Contract Drawings. 

The Resident Engineer or CQA Inspector will verify through delivery tickets and material bill of 
ladings that the material delivered to the site meets the project requirements. 

 CONSTRUCTION INSPECTION 8.1.4

The CQA Inspector will monitor and document the following: 

 The pipe conforms to the requirements of the specifications and Contract Drawings.  

 That pipe and fittings are joined by the methods indicated by the Manufacturer or in the 
specifications.   

 That pipes are properly bedded and covered per the specifications. 

 That marker/warning tape is installed in the trench above the pipe to mark its location. 
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9. SURVEY 

9.1 CONTRACTOR’S SURVEYS 

 SURVEYING PROCEDURES 9.1.1

The purpose of the survey is to verify that actual thickness and grades of the construction 
components are in accordance with the plans and specifications. Surveying of lines and grades 
will be conducted during construction of the soil layers. Surveying will be performed to provide 
documentation for record plans, verify quantities of soils and geosynthetics, and assist the 
Contractor in complying with the required grades.  Review of the surveys conducted at the site 
will be part of the Construction Quality Assurance program. The permanent benchmarks at the 
facility will be used for survey control.  Surveying will be performed under the supervision of a 
qualified, professional Land Surveyor licensed in Alabama.  

Based on the control points provided by the Owner, the Contractor is to provide all temporary 
and permanent benchmarks, monuments, and increments needed to control work.  If during 
the work, control points set by the Owner are disturbed by the Contractor, the Contractor will 
replace the control points. 

The following surfaces will be surveyed to determine the lines and grades achieved during cap 
system construction: 

 Top of CCP/Subgrade limits and elevations; 

 Limits of geosynthetics, locations of anchor trenches, geomembrane panel limits, repair 
locations, and destruct locations; 

 Top of the Cap Cover layer; 

 Final Site Conditions- including alignment, inverts, structures, and termination points of 
piping; and Profiles, cross sections, inverts for additional swales, benches, ditches, and 
roads. 

 ACCURACY REQUIREMENTS & MEASUREMENT SPECIFICATIONS 9.1.2

For the first facility survey mark established from the known control point, the minimum 
horizontal distance accuracy will be 1 foot horizontal to 2500 feet horizontal.  For each facility 
survey mark established from the first facility survey mark, the minimum horizontal accuracy 
will be 1 foot horizontal distance to 5000 horizontal.  For the first facility survey mark 
established from the known control point and for each facility survey mark established from the 
first facility survey mark, the minimum vertical accuracy will be 1 inch to 5000 feet horizontal.  
The coordinate system will match the system used on the Contract Drawings.  The following 
vertical tolerances apply to each of the following components as they are constructed: 
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Top of CCR material (geosynthetics subgrade) 0 to - 0.1 feet 

Top of soil cover (cap cover soil) =  0 to + 0.2 feet 

Invert of pipes = -0.1 to + 0.1 feet 

Note: These tolerances are meant to assure that the required layer thickness and design intent 
can be met upon final certification.  A Professional Surveyor registered in Alabama must certify 
results of the survey.  Survey results for all components shall be provided to the Engineer for 
approval prior to continuation of subsequent layers.  Results of each survey will be included in 
the certification report provided to the Owner.  

 AS-BUILT SURVEYS 9.1.3

The Contractor will complete as-built surveys in order to document the following: 

 Top of CCP/Subgrade limits and elevations; 

 Limits of geosynthetics, locations of anchor trenches, geomembrane panel limits, repair 
locations, and destruct locations; 

 Top of the Cap Cover layer; 

 Final Site Conditions- including alignment, inverts, structures, and termination points of 
piping; and Profiles, cross sections, inverts for additional swales, benches, ditches, and 
roads. 

A minimum of one cross-section and one profile for every 200 linear feet of the area will be 
surveyed. At a minimum, survey points will be established at the top, mid-point, and bottom of 
each slope. 

9.2 SURVEYS BY OWNER OR ENGINEER 

The Owner or Project Engineer may request additional surveys to monitor, verify, or document 
the work. 
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COMPONENT REQUIRED TEST OR 
OBSERVATION 

TEST METHOD MINIMUM 
FREQUENCY  

SAMPLE 
SIZE  

ACCEPTANCE CRITERIA RESPONSIBLE 
PARTY 

Structural Fill – 
Soil  

  

Visual inspection of soil type  

 

ASTM D 2488 Full-time on-site 
inspection. 

 Structural fill must consist of soil 
materials classified as SP, SM, SC, CL-
ML, CH, or CL under the Unified Soils 
Classification System.   
 
Relatively free of debris, rock, plant 
materials, and other foreign matter. 
100% < 4-inches except the lift in 
contact with the geosynthetics shall 
be 100% < 2-inches 

CQA Consultant 

Standard Proctor Density   ASTM D 698 1 test per 10,000 cy 60 lbs. Capable of producing a maximum dry 
density of > 100 pcf using Standard 
Proctor Effort. 

 

CQA Consultant 

Nuclear Densiometer 

In-Place Moisture Content and 
Density  

ASTM D 6938 In-place density and 
moisture content per 
ASTM 6938 at a 
frequency of 1 test per 
lift per 100 lineal feet 
along roadways or 
subgrades (at least 
one test per lift); 1 
test per lift per ½ acre 
of structural fill area 
elsewhere. 

N/A General Structural Fill and Trench Fill 
shall be compacted > 95% of 
maximum Standard Proctor dry 
density and within -3 and +2% of the 
Optimum Moisture Content.   
 
 
 

CQA Consultant 

Proof roll with a fully loaded 
tandem-axle dump truck or 
other equivalent equipment 
with a minimum weight of 25 
tons. 

N/A Entire Surface of 
permanent access 
roads 

N/A No observed pumping or rutting in 
excess of 2 inches maximum.  

Performed by 
Contractor 
CQA Consultant to 
interpret and 
approve all 
proofrolls.  
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COMPONENT REQUIRED TEST OR 
OBSERVATION 

TEST METHOD MINIMUM 
FREQUENCY  

SAMPLE 
SIZE  

ACCEPTANCE CRITERIA RESPONSIBLE 
PARTY 

Lift thickness by Observation 

 

N/A Full-time site 
inspection observation 

N/A General Structural Fill:  < 8-inch loose 
lift thickness, if using full-size 
equipment; <4 inch loose lifts if 
compaction will be with miniature, 
manual, or walk-behind equipment. 
 
Trench Fills:  < 6-inch loose lift 
thickness 
 

CQA Consultant 

Final Lift  by  

Registered Survey 

N/A Survey on 100-foot 
grid plus all changes in 
grade. 

N/A Per design, 0 to - 0.1 feet below 
design grade in all areas of fill 
placement 

Contractor 

Ash Fill Visual inspection of soil type  

 

ASTM D 2488 Full-time on-site 
inspection. 

 Ash fill consists of materials classified 
as SP, SM, SW, ML, CH under the 
Unified Soils Classification System.   
 
Relatively free of debris, rock, plant 
materials, and other foreign matter. 
100% < 4-inches except the lift in 
contact with the geosynthetics shall 
be 100% < 2-inches 

CQA Consultant 

Standard Proctor Density   ASTM D 698  1 test per 10,000 cy 60 lbs. To be performed if in place density 
testing is to be used for material.   

Or proof roll as discussed below 

CQA Consultant 

Drive Cylinder Method ASTM D 2937 1 test per lift per 1 
acre of ash fill 
placement. 

N/A Be compacted > 90% of maximum 
Standard Proctor dry density  
 
 

CQA Consultant 

Lift thickness by Observation 

 

N/A Full-time site 
inspection observation 

N/A < 8-inch loose lift thickness 
 

CQA Consultant 

Final Lift  by  

Registered Survey 

N/A Survey on 100-foot 
grid plus all changes in 
grade. 

N/A Per design, 0 to - 0.1 feet above or 
below design grade in all areas of fill 
placement 

Contractor 



TVA COLBERT FOSSIL PLANT 
ASH POND 4 

TABLE A1 
SOIL AND AGGREGATE REQUIREMENTS 
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COMPONENT REQUIRED TEST OR 
OBSERVATION 

TEST METHOD MINIMUM 
FREQUENCY  

SAMPLE 
SIZE  

ACCEPTANCE CRITERIA RESPONSIBLE 
PARTY 

Cap Cover Soil Visual inspection of soil type  

 

ASTM D 2488 Full-time on-site 
inspection. 

 Structural fill must consist of soil 
materials classified as SP, SM, SC, CL-
ML, CH, or CL under the Unified Soils 
Classification System.   
 
Relatively free of debris, rock, plant 
materials, and other foreign matter. 
100% < 6-inches except the lift in 
contact with the geosynthetics shall 
be 100% < 2-inches 

CQA Consultant 

Lift Depth  

(Visual Inspection) 

N/A In-Place material N/A Observed to be ≥ 8 inch loose lifts.  
Top 6 inches must be able to support 
vegetation.  Relatively free of debris, 
rock, plant materials, and other 
foreign matter. 100% < 4-inches 
except the lift in contact with the 
geosynthetics shall be 100% < 2-
inches 

CQA Consultant 

Vegetative Cover Soil Analysis  1 per Borrow Source 50 lbs. Able to support vegetative growth Contractor 

Final Lift  by  

Registered Survey 

 In-Place material N/A Per design, 0 to +0.1 feet above design 
grade in all areas of soil layer 
placement. 

Contractor 

Rip Rap Lift thickness by Observation 

 

N/A Full-time site 
inspection observation 

N/A Per the Contract Documents 
 

CQA Consultant 

Bedding and 
Backfill 
(structures and 
pipes) 

Lift thickness by Observation 

 

N/A Full-time site 
inspection observation 

N/A Per the Contract Documents CQA Consultant 

Sieve Analysis  ASTM D422 1 per Borrow Source 60 lbs. ALDOT  #57 stone per Contract 
Documents 

Contractor / 
Supplier 



TVA COLBERT FOSSIL PLANT 
ASH POND 4 

TABLE A1 
SOIL AND AGGREGATE REQUIREMENTS 
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COMPONENT REQUIRED TEST OR 
OBSERVATION 

TEST METHOD MINIMUM 
FREQUENCY  

SAMPLE 
SIZE  

ACCEPTANCE CRITERIA RESPONSIBLE 
PARTY 

Aggregate Road 
Surface  

Lift thickness by Observation 

 

N/A Full-time site 
inspection observation 

N/A Per the Contract Documents CQA Consultant 

Sieve Analysis  ASTM D422 1 per Borrow Source 60 lbs. ALDOT Crushed Aggregate 

100% passing the 1” sieve and less 
than 10% passing the #200 sieve. 

Contractor / 
Supplier 

Proof roll with a fully loaded 
tandem-axle dump truck or 
other equivalent equipment 
with a minimum weight of 25 
tons. 

N/A Entire Surface. N/A No observed pumping or rutting in 
excess of 2 inches maximum.  

Performed by 
Contractor 
CQA Consultant to 
determine 
adequate strength 
to satisfy bearing 
capacity.  

 

 



 

TVA COLBERT FOSSIL PLANT 
ASH POND 4 

TABLE A2 
PRE-CONSTRUCTION INTERFACE TESTING 

MINIMUM PEAK INTERFACE SHEAR STRENGTHS 
 
 

Page 1 of 1 

 

System Interface 

Direct Shear Test Parameters 

Acceptance Criteria 
Normal Stress (psf) Min. 

Seat 
Time 
(hrs) 

Max. 
Strain 
Rate 

(in/min) 
Low Medium High 

  
              

      

Cap 

Cap Cover Soil / Geocomposite 

120 240 360 

24 0.04 With the ZAV criteria shown in 
Figure A2-A (8% slope, peak 
and residual strength)and 
Figure A2-B (short length 33% 
slope, peak and residual 
strength) 

Geocomposite /  40mil FML 1 0.2 

40mil FML / Subgrade  

24 0.04 

Testing to be conducted for all soil-geosynthetic and all geosynthetic-geosynthetic interfaces. For textured geomembrane, the manufacturer shall identify, if applicable, which 
side of the product is intended to be installed upward and which downward and the contractor shall be made to confirm their intentions for installation. When agreed, the 

independent laboratory shall be instructed to arrange the test layers in the exact manner as intended to be installed.   
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TVA COLBERT FOSSIL PLANT 
ASH POND 4 

TABLE A3 
CALIBRATION OF TESTING EQUIPMENT 

 

EQUIPMENT REQUIRED TEST MINIMUM FREQUENCY ACCEPTANCE CRITERIA 

Nuclear Density 
Gauge 

Radioactive Source Wipe 
Testing and Systems 

Electronics Check 

Annually by Manufacturer or 
Specialty Testing firm qualified to 

inspect and calibrate nuclear 
source equipment 

Certificate of Calibration and 
Safety by Testing Firm 

Tensiometer Tensile strength calibration 
to standard 

Prior to arrival to project site.  
Tensionmeter to be field verified at 

the discretion of the Engineer 

+/- 3 ppi 

Air Pressure 
Gauges 

Pressure in psi compared to 
standard 

Prior to arrival to project site or 
documentation that the product is 

new 

+/- 1 psi 

Other As Determined by the 
Engineer 

As Recommended by the 
Manufacturer, or Required by State 

Auditor of Measurement Devices 

As Guaranteed  by the 
Manufacturer 

 

 



TVA COLBERT FOSSIL PLANT 
ASH POND 4 

TABLE A4 
MINIMUM TESTING FOR GEOMEMBRANE 

40-MIL TEXTURED LINEAR LOW DENSITY POLYETHYLENE  
   

Page 1 of 1 

Unless otherwise noted, the liner material will possess the following minimum average roll values: 
 

(1)  For reduction in the frequency of destructive testing, see CQA Plan Section 5.1.4. 

(2)  Geomembrane manufacturers will provide QC certification test results for all parameters listed in this table except for interface friction, seam 
shear strength and peel strength. 

 

PARAMETER
(2)

 TEST METHOD
 

TEST FREQUENCY ACCEPTANCE CRITERIA 

QC Testing QA Testing 

Thickness (mils) ASTM D-5994 

GRI-GM8 

Each roll 1 per 100,000 sf 38  minimum average 
34 minimum individual 

36 minimum for at least 8 of 10 
individual 

Asperity Height 

(mils) 

GRI-GM12 Each roll 1 per 100,000 sf All results must meet or exceed 
minimum average asperity height of 
material as determined by the  direct 

shear testing 
 

Density (g/cm
3
) ASTM D1505/  D792 1 per 200,000 lb. 1 per 100,000 sf 0.939 (max.) 

Strength at Break (ppi) 

Elongation at Break (%) 

ASTM D 6693 1 per 20,000 lb 1 per 100,000 sf  60 

 250% 

Carbon Black Content ASTM D 1603 1 per 45,000 lb. 1 per 100,000 sf 2% to 3% 

Carbon Black Dispersion ASTM D 5596 1 per 45,000 lb. 1 per 100,000 sf 9 in Category 1 or 2 and 1 in Category 
3 

Oxidative Induction Time (OIT) ASTM D3895 or D5885 1 per 200,000 lb. NA 100 min. (ASTM D3895) or 400 min. 
(ASTM D5885) 

Oven Aging at 85
o
C ASTM D5721 Per each formulation NA 35% (standard) or 60% (high pressure) 

UV Resistance ASTM D5885 Per each formulation NA 35%  

Pre-Construction Interface 
Testing 

ASTM D 6243-98 NA Once per 
construction 

event 

See Table A2 

Seam Shear Strength (PPI) 
(1)

 ASTM D 6392 1 per welder per 
machine prior to each 

seaming period 

1 every 500 feet 
of seam length  

60 ppi and all tests film tear bond.
 

Seam Peel Strength (PPI) 
(1)

 ASTM D 6392 1 per welder per 
machine prior to each 

seaming period 

1 every 500 feet 
of seam length 

50 (fusion) and 44 (extrusion) ppi and 
all tests film tear bond. 

Air Pressure ASTM D 5820 All fusion welds 

NA 

Pressurize to 25 psi (min.) for 5 
minutes, < 3 psi loss, note pressure 

drop when far seam is cut 

Vacuum Box Testing ASTM D 5641 All extrusion welds Examine weld for 10 seconds through 
window of vacuum box at min. 3 psi 
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TVA COLBERT FOSSIL PLANT 
ASH POND 4 

TABLE A5 
MINIMUM TESTING FOR DOUBLE-SIDED GEOCOMPOSITE 

 

 Notes 
1) Transmissivity shall be measured under the same boundary conditions (soil/geosynthetics) as those to be constructed.  
2) At the manufacturer’s recommended frequency unless noted otherwise. 

PARAMETER TEST METHOD TEST FREQUENCY ACCEPTANCE 

 CRITERIA  QC Testing QA Testing 

Geonet 

Thickness (mils)  ASTM D 5199 See Note 2 NA 250 (min. or as required to 
achieve required 

transmissivity) 

Density (g/cm3)  ASTM D 1505 See Note 2 NA  0.94 (min. avg.) 

Creep Reduction Factor  GRI GC8 Certify NA 1.1 @ 1,000 psf  

 

Geotextile 

Apparent Opening Size  ASTM D 4751 See Note 2 1 per 250,000 sq. ft. 80 (sieve no.) 

Grab Tensile Strength  ASTM D 4632 See Note 2 1 per 250,000 sq. ft. 225 lb (min.) 

Mass per unit area  ASTM D5261 See Note 2  1 per 250,000 sq. ft. 8 oz./s.y. 

Permittivity  ASTM D4491 See Note 2 1 per 250,000 sq. ft. 1.2 sec-1 (min.) 

CBR Puncture Strength  ASTM D6241 See Note 2 1 per 250,000 sq. ft. 520 lb (min.) 

UV resistance  ASTM D4355 Certify N/A 70% (min.) 

Geocomposite 

Transmissivity (1) 

(@ 240 psf normal load, 
gradient = 0.33 

ASTM D 4716 See Note 2 1 per 100,000 sq. ft. 5 x 10-4 m2/sec 

Ply Adhesion GRI-GC7 See Note 2 1 per 250,000 sq. ft. 1 ppi (minimum) 
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TVA COLBERT FOSSIL PLANT 
ASH POND 4 

TABLE A6 
MINIMUM TESTING FOR NON-WOVEN GEOTEXTILE 

 

 Notes 
1) At the manufacturer’s recommended frequency unless noted otherwise. 

PARAMETER TEST METHOD
(1) 

TEST FREQUENCY ACCEPTANCE 

 CRITERIA QC Testing QA Testing 

Apparent Opening Size  ASTM D 4751 See Note 1 1 per 250,000 sq. ft. 80 U.S. Sieve  (min) 

Grab Tensile Strength  ASTM D 4632 See Note 1 1 per 250,000 sq. ft. 220 lbs (min.) 

Mass per unit area  ASTM D5261 See Note 1 1 per 250,000 sq. ft. 8 oz/sy (min.)  

Permittivity  ASTM D4491 See Note 1 1 per 250,000 sq. ft. 1.30 sec
-1

 (min.) 

CBR Puncture Strength  ASTM D6241 See Note 1 1 per 250,000 sq. ft. 535 lbs (min.) 

UV resistance  ASTM D4355 Certify N/A 70% (min.) 
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TVA COLBERT FOSSIL PLANT 
ASH POND 4 

TABLE A7 
MINIMUM TESTING FOR CONCRETE AND GROUT 

 
 

COMPONENT REQUIRED TEST 
OR OBSERVATION 

TEST METHOD MINIMUM FREQUENCY ACCEPTANCE 
CRITERIA 

RESPONSIBLE 
PARTY 

Cast-In-Place 
Concrete 

Mix Design N/A 1 per mix Submit for Review Contractor/Supplier 

Concrete Cylinders ASTM C 31 
One set of 4 cylinders per placement and one 
additional set each 50 CY of concrete thereafter 

N/A 

Sample collection 
by CQA Consultant  

 
Testing 

by CQA Consultant 

Compressive 
Strength 

ASTM C 39 
1 break at 7 days 
2 breaks at 28 days 
1 spare 

4,000 psi (28 day) 

Slump ASTM C 143 Each set of cylinders <8 inches  

Entrained Air ASTM C 231 Each set of cylinders 4.5% to 7.5% 

Temperature ASTM C 1064 Each set of cylinders 50 to 95 °F 

Unit Weight ASTM C 138 Each set of cylinders N/A 

Rebar Visual Inspection Each structure 
Per Contract 
Drawings and Shop 
Drawings 

CQA Consultant 

Grout 

Mix Design N/A 1 per mix 

ALDOT Section 260 
Cement Mortar 
Flowable Backfill 
Mix 2, or approved 
equal 

Contractor/Supplier 

Cylinders 
ASTM D 5971 
ASTM D 4832 

One set of 4 cylinders per placement and one 
additional set each 50 CY thereafter 

N/A Sample collection 
by CQA Consultant  

 
Testing 

by CQA Consultant 
Compressive 
Strength 

ASTM D 4832 

1 break at 3 days 
1 break at 7 days 
1 break at 28 days 
1 spare 

70 psi (3 day) 
130 psi (7 day) 
150 psi (28 day) 
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APPENDIX A1 

FORMS AND LOGS 

 



FIELD COMPACTION TESTING 

Project: 

Project No. 
Client: 

Report No.:  
Date:  

AECOM Personnel:  

Field Test Equipment: Troxler : 
Standard Counts: Moisture Density 
Lift Thickness, in.:     " loose 
Laboratory Reference Compaction:  pcf @   % 
Placement Area: 

TEST DATA 

Lift 
Test 
No. Location Lift No. 

Percent 
Water 

Content 
In Place Dry 
Density/ PCF 

Percent 
Compaction 

Pass/ 
Fail 

Type of 
Material Comments 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

COPIES BY: 

RESIDENT REPRESENTATIVE 

AECOM 
1300 E. 9th Street 

Cleveland, Ohio 44115 
(216)622-2400



 
CONCRETE TESTING LOG 

 
Project: 
Contractor: 
Owner: 
Job No. 

Specified Slump: 
Specified Entrained Air: 

Specified Compressive Strength: 

 
 

Set 
Number 

 

Sample 
Date 

 

Ticket 
Number 

 

Entrained 
Air 

 

(%) 

 
Slump 

 
(inches) 

 
Compressive Strength 

 
(psi) 

 
Comments 

7 Day 28 Day 28 Day 56 Day 
          

          

          

          

          

          

          

          

          

          

          

          

          

          

          

          

          

 
 

COPIES BY: 
 

RESIDENT REPRESENTATIVE 



 

 Date  
 Day: 
 AM Temp. & Weather PM Temp. & Weather 
 
 

 

                 Construction Progress Report 
Report No.  1 

 
Project: 
Contractor: 
Owner: 
Job No. 

Cal. Day  1 

 
Contractor Work Force Equipment 

   
   
   
   
   
   
   

 
 Description of Work in Progress:   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Item Description Quantity Location 
    
    
    
    
    
    
    
    
    
    
    
    

 
COPIES:     BY:    RESIDENT REPRESENTATIVE 

 
FIRM:  AECOM 



 
 

Project: 
Contractor: 
Owner: 
Job No. 

Destructive Test Log 
 

Product: 

 
 

Date 
Welded 

 
Date 

Pulled 

 
Sample 

ID # 

 
Seam 

Number 

 
Mach. 

Number 

 
Seamer 
Initials 

 
Test 
Mode 

Test Results in LBS/IN  
Pass 
Fail Sample Number 

1 2 3 4 5 
      PEEL       

SHEAR       
      PEEL       

SHEAR       
      PEEL       

SHEAR       
      PEEL       

SHEAR       
      PEEL       

SHEAR       
      PEEL       

SHEAR       
      PEEL       

SHEAR       
      PEEL       

SHEAR       
      PEEL       

SHEAR       
      PEEL       

SHEAR       
      PEEL       

SHEAR       
      PEEL       

SHEAR       
      PEEL       

SHEAR       
      PEEL       

SHEAR       
      PEEL       

SHEAR       
      PEEL       

SHEAR       
      PEEL       

SHEAR       
 

COPIES   BY:    

RESIDENT REPRESENTATIVE 



 

Non Destructive Testing Log 
 

Project: 
Contractor: 
Owner: 
Job No.    

Product:    

 

Date Seam 
Segment 

Tester 
Initials 

Pressure PSI Test Time Pass 
Fail 

V-Box 
Pass Comments Start End Start End 

          

          

          

          

          

          

          

          

          

          

          

          

          

          

          

          

          

          

          

          

          

          

          

          

          

          

 
 

COPIES BY: 
 

RESIDENT REPRESENTATIVE 



 
 

 
 

Project:  Product: 
Contractor: 
Owner: 
Job No 

 

Panel Placement 

 

Date Panel 
Number 

Roll 
Number 

Panel 
Length 

Panel 
Width 

Square 
Footage Comments 

     0.0  
     0.0  
     0.0  
     0.0  
     0.0  
     0.0  
     0.0  
     0.0  
     0.0  
     0.0  
     0.0  
     0.0  
     0.0  
     0.0  
     0.0  
     0.0  
     0.0  
     0.0  
     0.0  
     0.0  
     0.0  
     0.0  
     0.0  
     0.0  
     0.0  
     0.0  
     0.0  
     0.0  
     0.0  
     0.0  

 
 

COPIES  BY: 
 

RESIDENT REPRESENTATIVE 



 

    Panel Seaming Form 
 

Project: Product: 
Contractor: 
Owner: 
Job No. 

 

Date Seam 
Number Time Seamer 

Initials 
Machine 
Number 

Seam 
Length (ft) Comments 

       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       

 
 

COPIES BY: 
 

RESIDENT REPRESENTATIVE 



 
 
 

 Project:   
 

 Contractor:   
 

 Owner:   
 

 AECOM Job No.   

Pipe Test Log 

 
Date Test Section Length 

 

 
 

(feet) 

Pipe 
Dia 

 
(inches) 

Min 
Test 
Time 
(sec.) 

Start 
Time 

Start 
Press 

 
(psi) 

End 
Time 

End 
Press 

 
(psi) 

Test 
length 

 
(sec) 

Press 
Drop 

 
(psi) 

Pass / 
Fail 

            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            

 
time for 1 psi pressure drop: T = 0.085 DK/ 0.0015 

K = 0.000419 DL, but not < 1 
D = Diameter in inches 
L = Length in feet 

 
 

COPIES BY: 
 

RESIDENT REPRESENTATIVE 



 

REPAIR LOG 
 
 

Project:                                                                      Product:                                                                                                  

Contractor:                                                                

Owner:                                                                      

Job No.                                                             
 
 
 
Repair 

Number 

 
Repair 
Date 

 
Time of 
Repair 

 
 
Location of Repair 

 
Size of 
Repair 

 
Repair 
Tech 

 
Machine 
Number 

 
V-Box 
Test 

 
 

COMMENTS 
 

1 
        

 
2 

        

 
3 

        

 
4 

        

 
5 

        

 
6 

        

 
7 

        

 
8 

        

 
9 

        

 
10 

        

 
13 

        

 
14 

        

 
23 

        

 
24 

        

 
25 

        

 
26 

        

 
27 

        

 
28 

        

 
29 

        

 
30 

        

 
 

COPIES BY: 
 

RESIDENT REPRESENTATIVE 



 
 

Project: 
Contractor: 
Owner: 
Job No. 

 

SHOP DRAWING / SUBMITTAL LOG 

 
 

Original Submittal 
 

Re-submittal 
 
 
 

Description 
Transmittal 

Number 
Date 

Received 
Date 

Returned 
 

Status 
Date 

Received 
Date 

Returned 
 

Status 
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        

 
 
 

COPIES BY: 
 

RESIDENT REPRESENTATIVE 



Project:    
Contractor:    
Owner:    
Job No.    

 

                                       Trial Weld Log 
 

Product:   
 
 
 
 
 
 

Date 
 

Time 
 

Mach. 
Number 

 

Seamer 
Initials 

Fusion Welder  

Test 
Mode 

Test Results in LBS/IN  

Pass 
Fail Wedge 

Temp 
Speed 
Ft/Min 

Sample Number 
1 2 3 4 5 

      PEEL       
SHEAR       

      PEEL       
SHEAR       

      PEEL       
SHEAR       

      PEEL       
SHEAR       

      PEEL       
SHEAR       

      PEEL       
SHEAR       

      PEEL       
SHEAR       

      PEEL       
SHEAR       

      PEEL       
SHEAR       

      PEEL       
SHEAR       

      PEEL       
SHEAR       

      PEEL       
SHEAR       

 
Date 

 
Time 

 

Mach. 
Number 

 

Seamer 
Initials 

Extrusion Welder  

Test 
Mode 

Test Results in LBS/IN  

Pass 
Fail Barrel 

Temp 
Preheat 
Setting 

Sample Number 
1 2 3 4 5 

      PEEL       
SHEAR       

      PEEL       
SHEAR       

      PEEL       
SHEAR       

      PEEL       
SHEAR       

      PEEL       
SHEAR       

      PEEL       
SHEAR       

 
 

COPIES BY: 
 

RESIDENT REPRESENTATIVE 



 

Attachment H 
Operation Plans 

 

CCR Fugitive Dust Control Plan, Revision 2 by TVA dated December 13, 2019.   

Periodic Inflow Design Flood Control System Plan Ash Disposal Area 4 by Stantec dated 
October 12, 2021.   

Ash Pond 4 Groundwater Monitoring Plan by Stantec dated November 3, 2021. 
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CCR FUGITIVE DUST CONTROL PLAN 
 

COLBERT FOSSIL PLANT 
COAL COMBUSTION PRODUCTS  

TUSCUMBIA, ALABAMA 
 
 
 

  
 
 
 

Prepared by: 
 

 
 

TENNESSEE VALLEY AUTHORITY 
1101 Market Street 

Chattanooga, TN 37402-2801 
 
 
 
   
 
 
 
 
 
 
 

December 13, 2019 (Amended) 
 
 



ii 

Revision 
or 

Change 
Number 

Date 
Placed in 
Operating 

Record 

Affected 
Page 

Numbers 

Description of Revision/Change 

0 10/19/15 All Initial Plan 

1 12/15/17 1 Facility updates in Section 1.1, Updated Dust Control 
Measures in Section 2.0. 

2 12/13/19 1, 2 
Facility updates in Section 1.1, Updated Dust Control 
Measures in Section 2.0, Updated Section 3.2 with 
maintenance activities documentation. 
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TVA Colbert Fossil Plant  CCR Fugitive Dust Control Plan 
  December 13, 2019 
  

1 

1.0 OVERVIEW 
This CCR Fugitive Dust Control Plan (Plan) provides a program for minimizing fugitive 

dust events originating from day-to-day operations for Coal Combustion Residuals (CCR) 

management at the Colbert Fossil Plant (COF or Site) of the Tennessee Valley Authority 

(TVA), located in Tuscumbia, Alabama.  This document provides measures to effectively 

minimize CCR from becoming airborne from CCR units, CCR piles, roads, and other CCR 

management activities.  This plan has been developed in accordance with 40 CFR 

257.80, Final Rule:  Disposal of Coal Combustion Residuals from Electric Utilities. 

 

1.1 Facility Description  
COF was a fossil-fueled, steam-electric generating plant operated by TVA that had five 

coal-fired generating units.  Power production ceased at the facility on March 24, 2016. 

Closure construction of Ash Disposal Area 4, consisting of installation of a geomembrane 

cap system with soil cover, is complete. The facility is covered with vegetation.   

 

2.0 FUGITIVE DUST CONTROL MEASURES 
All of the CCR material at the unit is capped, therefore, CCR dust cannot originate from 

the facility. Construction activities have ceased and vegetation has been established on 

the facility. If needed, dust control measures that may be utilitized include:    

 

• Berms constructed as wind breaks 

• Interim soil cover 

• Chemical dust suppressants 

• Mobilization and use of water trucks 

 
3.0 RECORD KEEPING 
This Plan and the following associated documents will be placed in the Site’s operating 

record once completed, and proper notification will be provided to the State Director.  The 

following documents will also be made publically available on the Site’s “CCR Rule 

Compliance Data and Information” website.  

 



TVA Colbert Fossil Plant  CCR Fugitive Dust Control Plan 
  December 13, 2019 
  

2 

3.1 Citizen Input 
Citizens can provide input and submit complaints/concerns relative to fugitive dust by 

calling 1-844-TVA-DUST (882-3878).  Comments will be logged and submitted to TVA’s 

Coal Combustion Product Management (CCPM) Group for review and response.  Upon 

receipt, appropriate CCPM Management personnel will investigate the complaint/concern 

and implement any additional dust control measures required.  Examples of additional 

dust control measures which may be considered for implementation are described in 

Section 2.0.  Upon completion, the results of the investigation and a description of any 

associated corrective measures employed by the site will be added to the log. 

 

3.2 Annual CCR Fugitive Dust Control Report 
The Ash Disposal Area 4 at COF is capped and closed. TVA continues to perform 

maintenance activities and routine inspections of the cap system. Should the cap system 

be removed and CCR exposed for any reason, applicable best management practices 

described above will be implemented and will be documented on this CCR website as 

prescribed in the record-keeping requirements of 40 C.F.R. §257.105, 40 C.F.R. 

§257.106, and 40 C.F.R. §257.107.   

 

4.0 ASSESSMENT OF CCR FUGITIVE DUST CONTROL PLAN  
This Plan will be evaluated annually in conjunction with preparation of the annual CCR 

Fugitive Dust Control Report.  Operating personnel at the Site have been instructed to 

record any evidence of fugitive dust events or deficiencies in the current fugitive dust 

control measures as well as report such issues to the TVA Field Supervisor.  Evaluation 

of plan effectiveness will include a review of the Construction Contractor/TVA observation 

reports and any reported public complaints/concerns.  Any necessary amendments or 

revisions required to rectify noted issues will be incorporated into the updated Plan.  



 

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

 

  

 

October 12, 2021   
File: rpt_014_let_175568465  
Revision 0 

Tennessee Valley Authority 
1101 Market Street  
Chattanooga, Tennessee 37402 
 
RE: Periodic Inflow Design Flood Control System Plan 
 Ash Disposal Area 4 
 EPA CCR Rule 
 TVA Colbert Fossil Plant 
 Tuscumbia, Alabama  

 

1.0 PURPOSE 

This letter documents Stantec’s certification of the inflow design flood control system plan in 
accordance with 40 CFR 257.82(a)&(b) of the EPA CCR Rule for Ash Disposal Area 4 at the TVA 
Colbert Fossil Plant. The EPA CCR Rule requires periodic inflow design flood control assessments, 
certified by a qualified professional engineer, every five years. The initial certification of the inflow 
design flood control system plan was placed in the operating record on October 12, 2016. 

2.0 INITIAL INFLOW DESIGN FLOOD CONTROL SYSTEM PLAN ASSESSMENT 

The initial inflow design flood control plan, performed in 2016, found that Active Ash Pond 2 met the 
requirements of 40 CFR 257.82(a)&(b).  

3.0  CURRENT INFLOW DESIGN FLOOD CONTROL SYSTEM PLAN ASSESSMENT 

Stantec reviewed the initial assessment and the changes in site conditions that have occurred in 
the past five years.  The following changes have occurred that affect the initial assessment:  

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).   

Because of these changes, an updated inflow design flood control plan was prepared and is 
attached to this letter. The updated plan shows that the culverts are capable of conveying the 
1,000-year, 6-hour storm without overtopping the crest of the surrounding dike.   



October 12, 2021 
Page 2 of 3  

Re: Periodic Inflow Design Flood Control System Plan 
Ash Disposal Area 4 
EPA CCR Rule 
TVA Colbert Fossil Plant 
Tuscumbia, Alabama  

4.0 SUMMARY OF FINDINGS 

The attached plan presents the analysis of the inflow design flood control system for Ash Disposal 
Area 4. The resulting water surface elevations are shown in the following table. The plan and results 
show that the impoundment meets the requirements set forth in 40 CFR 257.82(a) and (b).   

Plant Facility 

Inflow 
Design 
Storm 

Water Surface 
Elevation (feet) 

Minimum 
Embankment 

Elevation (feet) 

COF 
Ash Disposal 

Area 4 
1000-year 

storm 

446.6 (South) 447 

446.2 (North) 447 

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 inflow design flood control system plan for the TVA Colbert Fossil Plant’s Ash Disposal
Area 4 meets the requirements specified in 40 CFR 257.82(a), (b), and (c)(1).

SIGNATURE DATE _______________ 

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

10/12/2021
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Re: Periodic Inflow Design Flood Control System Plan 
 Ash Disposal Area 4 
 EPA CCR Rule 
 TVA Colbert Fossil Plant 
 Tuscumbia, Alabama  

 

 

  

 

TELEPHONE: (859) 422-3000 

ATTACHMENTS:  Periodic Inflow Design Flood Control System Plan   
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1.0 BACKGROUND 

On April 17, 2015 the “Hazardous and Solid Waste Management System; Disposal of Coal Combustion 
Residuals (CCR) from Electric Utilities (RIN-2050-AE81;FRL-9149-4)” (EPA Final CCR Rule) was 
published in the Federal Register.  Stantec Consulting Services, Inc. (Stantec) was contracted by the 
Tennessee Valley Authority (TVA) to analyze the inflow design flood for Colbert Fossil Plant (COF) Ash 
Disposal Area 4 and evaluate compliance with section §257.82 of the EPA Final CCR Rule. 

COF is a former coal-fired, electric generating plant located in Colbert County, Alabama, on Pickwick 
Lake, a reservoir along the Tennessee River.  TVA has determined that Ash Disposal Area 4 is a CCR 
Surface Impoundment and therefore subject to the CCR rule.  A figure showing the location of COF in 
relation to the surrounding hydrologic features is included as Appendix A.  Figure 1 below shows the 
location of Ash Disposal Area 4 in relation to the other plant features. 

 

Figure 1 Colbert Fossil Plant Map 
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2.0 EXISTING CONDITIONS 

Ash Disposal Area 4 is located south of the former powerhouse.  Rainfall is the only source of inflow 
received by Ash Disposal Area 4, which is conveyed through two culverts: one at the southeast end of the 
drainage area and another at the north end.  Both culverts drain into Cane Creek just upstream of its 
confluence with Pickwick Lake.  

 

Figure 2 Map of Hydraulic Structures 
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3.0 METHODS / DESIGN CRITERIA 

This Inflow Design Flood Control System Plan has been developed to document how the inflow design 
flood control system has been designed and constructed to meet the requirements of §257.82.  The East 
Ash Disposal Area is currently classified as a significant hazard structure. This plan has been developed 
based on that classification and the following CCR rule criteria apply: 

1. The inflow design flood control system must adequately manage flow into the CCR unit during 
and following the peak discharge of the inflow design flood. (Ref. §257.82(a)(1)) 

2. The inflow design flood control system must collect and control flow from the CCR unit during and 
following the peak discharge of the inflow design flood. (Ref. §257.82(a)(2)) 

3. The inflow design flood for a significant hazard potential CCR surface impoundment is the 1000-
year flood. (Ref. §257.82(a)(3)(ii)) 

4. Discharge from the CCR Unit must be handled in accordance with the surface water 
requirements under §257.3-3 

5. The owner or operator must prepare an initial inflow design flood control system plan for its 
existing surface impoundments by October 17, 2016. (Ref. §257.82(c)(3)(i)) 

6. The plan must be revised every 5 years, and amendments must be made whenever there is a 
change in condition(s) that would substantially affect the written plan in effect. (Ref. 
§257.82)(c)(4) & (2)) 

7. This plan will be considered complete upon its placement in the facility’s operating record. (Ref. 
§257.82(c)(1)) 

8. The owner or operator must obtain a certification from a qualified professional engineer stating 
that the initial and periodic inflow design flood control system plans meet the requirements of 
§257.82. 

Hydrologic calculations were performed based on Soil Conservation Service Technical Release 55 (TR-
55) methods in U.S. Army Corps of Engineers’ Hydrologic Engineering Center-Hydrologic Modeling 
System (HEC-HMS) software to analyze the performance of the impoundments for the 1000-year storm.  
The CCR rule does not specify the storm duration for the inflow design flood.  For this analysis, a duration 
of 6-hours was chosen based on recommendations from TVA. This duration is reasonable given the size 
of the watershed and the travel time to the watershed outlet.   

The following sections describe the hydrologic parameter inputs to the HEC-HMS model, including curve 
number and lag times, in addition to the channel hydraulics. 
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3.1 MODELING ASSUMPTIONS 

1. Pipes are assumed to be flowing freely and not clogged or leaking. 

2. Natural Resources Conservation Service (NRCS) TR-55 methods were used for hydrologic run-
off computations. 

3.   Ash Disposal Area 4 storage was included in the model.   

4.   The north and south culverts contain three pipe segments.  These pipe segments consist of the 
same pipe diameter and material, but the lengths and slope vary.  In HEC-HMS, only the initial 
pipe segment was modeled.  The results were checked to confirm that shallower pipe slopes (in 
other segments of the pipe) would not adversely affect the results.   

5.   Effects of tailwater were not included in the modeling; it was assumed tailwater would not limit the 
capacity of the culverts due to the large elevation difference (approx. 20 feet) between the inlet 
and outlet inverts. 

3.2 HYDROLOGY INPUTS 

3.2.1 Watershed Parameters 

Watersheds were delineated using topographic data included in as-built drawings dated September 4, 
2018, provided by TVA.  The estimated watershed parameters are summarized in  
Table 1.  A figure showing the watershed delineations is included in Appendix B. 

Table 1 Watershed Parameters 

Watershed 
Drainage 

Area (acres) 

Composite 
Curve 

Number 
Estimated Lag 

Time (min) 

South Culvert 28.9 74 12.4 

North Culvert 22.1 74 12.6 

 

3.2.1.1 Curve Number (CN) 

The curve number for each watershed was calculated using the approach outlined in NRCS’s TR-55.  
From the as-built drawings provided by TVA, Ash Disposal Area 4 was capped with soil and grass cover 
corresponding to Hydrologic Soil Group C with grass cover in good condition.  Therefore, both 
watersheds were assigned a curve number of 74. 

3.2.1.2 Lag Time 

The time of concentration for each watershed was calculated using the NRCS segmental approach 
described in TR-55. The longest hydraulic flow path in each watershed was delineated with contour data 
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dated September 4, 2018, provided to Stantec by TVA. The flow paths were subdivided into sheet, 
shallow-concentrated, and open channel components. The following methods were used to calculate flow 
velocities (time of concentration was then found by dividing flow length by velocity) for each flow 
component: 

• Sheet Flow: Sheet flow velocity was computed based on the equation presented in TR-55. This 
equation calculates time of concentration based on Manning's roughness coefficient for sheet 
flow, flow length (up to a maximum distance of 100 feet, unless the area is paved), slope, and the 
2-year 24-hour rainfall depth. 

• Shallow Concentrated Flow:  Shallow Concentrated Flow was computed based on equations 
presented in TR-55. The travel time is computed based on the flow length and average velocity. 
The equations used to calculate average velocity are dependent upon the watercourse slope and 
whether the surface is “Paved” or “Unpaved”. The equations were derived from the graph 
“Average velocities for estimating travel time for shallow concentrated flow” presented in TR-55. 

• Open Channel Flow: Open channel flow was computed based on Manning’s equation as 
presented in TR-55. Manning’s equation calculates the velocity using the channel’s hydraulic 
radius, slope, and Manning’s roughness coefficient. Each channel within the ash disposal area 
was analyzed as a triangular ditch with side slopes of 50H:1V based on the existing topographic 
data. 

Lag time calculations are included in Appendix D. 

3.2.2 Spillway Data 

As described in Section 2, there are two single-pipe outlets within Ash Disposal Area 4 which discharge to 
Cane Creek.   

Dimensions and elevations for the two outlet structures were obtained from TVA Drawing 10W396-21.  
This drawing is included in Appendix E. The geometry for both structures is summarized in Table 2. 

Table 2 Ash Disposal Area 4 Spillway Data 

Outlet 
Structure 

Outlet Pipe 
Diameter (inches) 

Pipe Inlet Invert 
(ft) 

Pipe Outlet Invert 
 (ft) Pipe Length (ft) 

South 36 

442.25 439.75 22.04 

439.75 435.33 160.33 

435.33 422.40 106.64 

North 30 
442.00 435.65 21.00 

435.65 425.47 144.45 
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As shown in Table 2, the south culvert contains three pipe segments and the north culvert contains two 
pipe segments. These pipe segments consist of the same pipe diameter and material, but the lengths and 
slope vary. In HEC-HMS, the initial pipe segment was entered as an outlet structure.   

3.2.3 Precipitation Data 

The rainfall depth for the 1000-yr, 6-hour storm is 7.3 inches based on NOAA Atlas 14 at COF. “Early”, 
“Middle” and “Late Peak” hyetographs were obtained from HydroCAD for a 6-hr storm duration assuming 
an SCS Type II shape. The modeled distributions are included in Appendix G. 

3.2.4 Stage-Storage Data 

Storage volumes computed at 1-foot increments for Ash Disposal Area 4 are included as Appendix H.  
This information was generated from topographic data for the closed condition included in as-built 
drawings dated September 4, 2018, provided by TVA. 

The embankment crest elevations for the Ash Disposal Area 4’s north and south watersheds are both 447 
ft, based on the provided topographic data. 

3.2.5 Starting Water Surface Elevations 

Both outlet structures are located at the approximate low point of each watershed, so Ash Disposal Area 
4 holds water only when inflows from precipitation exceed outflows. The starting water surface elevations 
for Ash Disposal Area 4 were assumed to be at the invert of the culverts.  

3.3 HYDROLOGIC AND HYDRAULIC MODELING 

Hydrologic and hydraulic modeling was performed using HEC-HMS 4.6.1 based on the model inputs 
summarized in Section 3.2. A model schematic is included in Figure 3.   
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Figure 3 HEC-HMS Model Schematic 

 

Simulations were run with the assumption that precipitation is the only inflow source. 

The model scenarios analyzed are summarized in Table 3. 

Table 3 Summary of Hydrologic/Hydraulic Modeling Scenarios 

Scenario Number Rainfall Hyetograph Type 

1 SCS 6-hour “Early” Peak 

2 SCS 6-hour “Middle” Peak 

3 SCS 6-hour “Late” Peak 
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4.0 CALCULATION RESULTS 

The hydrologic modeling results were reviewed to determine the performance of Ash Disposal Area 4 for 
the 1000-year, 6-hour storm for the three precipitation events described in Section 3.2.3. 

4.1 CAPACITY AND FREEBOARD RESULTS 

The peak pool elevation, inflow and outflow for Ash Disposal Area 4 is summarized in Table 4. The 
results showed that Ash Disposal Area 4 can convey the flow from the 1000-year 6-hour scenarios 
modeled without overtopping. 

Table 4 Hydrologic and Hydraulic Modeling Results for Ash Disposal Area 4 

Scenario Pond Storm 

Peak 
Water 

Surface 
Elevation 

(ft) 

Peak 
Inflow 
(cfs) 

Peak 
Outflow 

(cfs) 

Minimum 
Embankment 

Elevation  
(ft) 

Freeboard 
(ft) 

1 

South 
Ash 

Disposal 
Area 4 

SCS 
Type II 
“Early 
Peak” 

445.6 103.2 36.3 447.0 1.4 

2 

South 
Ash 

Disposal 
Area 4 

SCS 
Type II 

“Middle 
Peak” 

446.3 190.5 48.6 447.0 0.7 

3 

South 
Ash 

Disposal 
Area 4 

SCS 
Type II 
“Late 
Peak” 

446.6 218.7 52.6 447.0 0.4 

1 

North 
Ash 

Disposal 
Area 4 

SCS 
Type II 
“Early 
Peak” 

445.2 78.4 27.8 447.0 1.8 

2 

North 
Ash 

Disposal 
Area 4 

SCS 
Type II 

“Middle 
Peak” 

446.0 144.5 37.3 447.0 1.0 

3 

North 
Ash 

Disposal 
Area 4 

SCS 
Type II 
“Late 
Peak” 

446.2 166.1 40.5 447.0 0.8 
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5.0 CONCLUSIONS  

The calculations included in this report demonstrate that the inflow design flood control system 
adequately manages flow into and from the CCR unit during and following the peak discharge of the 
inflow design flood (1000-year flood). In addition, the CCR unit is capped and covered and therefore 
surface water is handled in accordance with the surface water requirements under §257.3-2. Therefore, 
Ash Disposal Area 4 meets the requirements of §257.82 of the EPA Final CCR Rule.   
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LAG TIME COMPUTATIONS 



Watershed ID: South Culvert

Sheet Flow Segment ID 1 2
1. Surface description Grass, short prairieGrass, short prairie
2. Manning's roughness coef., n 0.15
3. Flow length, L (Total L less than 300/100 ft) ft 100
4. 2-year, 24-hour Rainfall, P2 in 4.04
5a. Upstream elevation ft 479
5b. Downstream elevation ft 476
5. Land slope, S ft / ft 0.030
6. Tt = [0.007(nL)0.8]/[sqrt(P2) S0.4] hr 0.12 = 0.12 hr

Shallow Concentrated Flow Segment ID 1
7. Surface description (paved or unpaved) Unpaved
8. Flow length, L ft 724
9a. Upstream elevation ft 476
9b. Downstream elevation ft 449
9. Watercourse slope, S ft / ft 0.037
10. Average velocity, V ft / s 3.1
11. Tt = L / 3600V hr 0.06 = 0.06 hr

Open Channel Flow Segment ID 1
12. Pipe or Open Channel Open-channel
13. Diam (pipe) or depth (open) ft 1.03
14. Base width (open) ft 0
15. Channel side slope XH:1V 50
16. Cross sectional flow area ft2 53.05  
17. Wetted perimeter, Pw ft 103.02  
18. Hydraulic radius, r = a/Pw ft 0.51  
19a. Upstream elevation ft 449
19b. Downstream elevation ft 442
19. Channel slope, S ft / ft 0.005  
20. Runoff surface / pipe material earth, winding, grass weeds
21. Manning's roughness coef., n 0.03  
22. V= (1.49 r2/3 S1/2 / n) ft / s 2.31  
23. Flow length, L ft 1290
24. Tt = L / 3600V hr 0.16  = 0.16 hr

25. Watershed Tc (sum Tt from 6, 11, 24) 0.34 hr

26. Watershed lag time, TL (=0.6 x Tc) 0.206 hr

Lag Time Calculation
TVA CCR Rule Periodic Assessment Updates
Ash Disposal Area 4 Closure, Colbert Fossil Plant
Project Number: 175568465
Calculation Performed by: CCC Calculation Date:    9/20/2021
Checked by: MMM  Checked By Date:    9/22/2021



Watershed ID: North Culvert

Sheet Flow Segment ID 1 2
1. Surface description Grass, short prairieGrass, short prairie
2. Manning's roughness coef., n 0.15
3. Flow length, L (Total L less than 300/100 ft) ft 100
4. 2-year, 24-hour Rainfall, P2 in 4.04
5a. Upstream elevation ft 479
5b. Downstream elevation ft 476
5. Land slope, S ft / ft 0.030
6. Tt = [0.007(nL)0.8]/[sqrt(P2) S0.4] hr 0.12 = 0.12 hr

Shallow Concentrated Flow Segment ID 1
7. Surface description (paved or unpaved) Unpaved
8. Flow length, L ft 703
9a. Upstream elevation ft 476
9b. Downstream elevation ft 449
9. Watercourse slope, S ft / ft 0.038
10. Average velocity, V ft / s 3.2
11. Tt = L / 3600V hr 0.06 = 0.06 hr

Open Channel Flow Segment ID
12. Pipe or Open Channel Open-channel
13. Diam (pipe) or depth (open) ft 0.93
14. Base width (open) ft 0
15. Channel side slope XH:1V 50
16. Cross sectional flow area ft2 43.25  
17. Wetted perimeter, Pw ft 93.02  
18. Hydraulic radius, r = a/Pw ft 0.46  
19a. Upstream elevation ft 449
19b. Downstream elevation ft 442
19. Channel slope, S ft / ft 0.005  
20. Runoff surface / pipe material earth, winding, grass weeds
21. Manning's roughness coef., n 0.03  
22. V= (1.49 r2/3 S1/2 / n) ft / s 2.19  
23. Flow length, L ft 1291
24. Tt = L / 3600V hr 0.16  = 0.16 hr

25. Watershed Tc (sum Tt from 6, 11, 24) 0.35 hr

26. Watershed lag time, TL (=0.6 x Tc) 0.209 hr

Lag Time Calculation
TVA CCR Rule Periodic Assessment Updates
Ash Disposal Area 4 Closure, Colbert Fossil Plant
Project Number: 175568465
Calculation Performed by: CCC Calculation Date:    9/20/2021
Checked by: MMM  Checked By Date:    9/22/2021



TL(hr) TL(hr) Used TL(min) Used
S_Culvert 0.206 0.206 12.4
N_Culvert 0.209 0.209 12.6

Lag Time Summary 

Lag Time Calculation
TVA CCR Rule Periodic Assessment Updates
Ash Disposal Area 4 Closure, Colbert Fossil Plant
Project Number: 175568465
Calculation Performed by: CCC Calculation Date:    9/20/2021
Checked by: MMM  Checked By Date:    9/22/2021
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1000-year, 6-hour Rainfall Depth equals

From NOAA Atlas 14

Time
Incremental 

Depth

Cumulative 

Depth
Time

Incremental 

Depth

Cumulative 

Depth
Time

Incremental 

Depth

Cumulative 

Depth

0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.42 1.42

0.10 0.03 0.03 0.10 0.03 0.03 0.10 0.98 2.40

0.20 0.03 0.06 0.20 0.03 0.07 0.20 0.79 3.19

0.30 0.03 0.10 0.30 0.03 0.10 0.30 0.49 3.68

0.40 0.03 0.13 0.40 0.03 0.13 0.40 0.25 3.93

0.50 0.03 0.16 0.50 0.03 0.16 0.50 0.20 4.12

0.60 0.03 0.20 0.60 0.03 0.20 0.60 0.17 4.29

0.70 0.03 0.23 0.70 0.03 0.23 0.70 0.15 4.44

0.80 0.03 0.26 0.80 0.04 0.27 0.80 0.13 4.57

0.90 0.03 0.30 0.90 0.04 0.30 0.90 0.12 4.69

1.00 0.03 0.33 1.00 0.04 0.34 1.00 0.11 4.80

1.10 0.03 0.37 1.10 0.04 0.38 1.10 0.10 4.90

1.20 0.04 0.40 1.20 0.04 0.43 1.20 0.10 5.00

1.30 0.04 0.44 1.30 0.05 0.47 1.30 0.09 5.09

1.40 0.04 0.47 1.40 0.05 0.52 1.40 0.09 5.17

1.50 0.04 0.51 1.50 0.05 0.57 1.50 0.08 5.26

1.60 0.04 0.54 1.60 0.05 0.62 1.60 0.08 5.33

1.70 0.04 0.58 1.70 0.06 0.68 1.70 0.08 5.41

1.80 0.04 0.62 1.80 0.06 0.74 1.80 0.07 5.48

1.90 0.04 0.66 1.90 0.06 0.80 1.90 0.07 5.55

2.00 0.04 0.70 2.00 0.07 0.87 2.00 0.07 5.62

2.10 0.04 0.74 2.10 0.07 0.94 2.10 0.07 5.69

2.20 0.04 0.78 2.20 0.08 1.02 2.20 0.06 5.75

2.30 0.04 0.82 2.30 0.09 1.11 2.30 0.06 5.81

2.40 0.04 0.87 2.40 0.10 1.21 2.40 0.06 5.87

2.50 0.05 0.91 2.50 0.11 1.32 2.50 0.06 5.93

2.60 0.05 0.96 2.60 0.12 1.44 2.60 0.06 5.99

2.70 0.05 1.00 2.70 0.25 1.68 2.70 0.06 6.04

2.80 0.05 1.05 2.80 0.49 2.18 2.80 0.05 6.10

2.90 0.05 1.10 2.90 0.79 2.96 2.90 0.05 6.15

3.00 0.05 1.15 3.00 1.42 4.38 3.00 0.05 6.20

3.10 0.05 1.20 3.10 0.98 5.36 3.10 0.05 6.25

3.20 0.05 1.26 3.20 0.20 5.56 3.20 0.05 6.30

3.30 0.06 1.31 3.30 0.17 5.73 3.30 0.05 6.34

3.40 0.06 1.37 3.40 0.15 5.88 3.40 0.05 6.39

3.50 0.06 1.43 3.50 0.13 6.01 3.50 0.05 6.43

3.60 0.06 1.49 3.60 0.10 6.11 3.60 0.04 6.48

3.70 0.06 1.55 3.70 0.09 6.19 3.70 0.04 6.52

3.80 0.06 1.61 3.80 0.08 6.28 3.80 0.04 6.56

3.90 0.07 1.68 3.90 0.08 6.35 3.90 0.04 6.60

4.00 0.07 1.75 4.00 0.07 6.42 4.00 0.04 6.64

4.10 0.07 1.82 4.10 0.07 6.49 4.10 0.04 6.68

4.20 0.07 1.89 4.20 0.06 6.55 4.20 0.04 6.72

4.30 0.08 1.97 4.30 0.06 6.61 4.30 0.04 6.76

4.40 0.08 2.04 4.40 0.06 6.66 4.40 0.04 6.79

4.50 0.08 2.13 4.50 0.05 6.72 4.50 0.04 6.83

4.60 0.09 2.21 4.60 0.05 6.77 4.60 0.04 6.86

4.70 0.09 2.30 4.70 0.05 6.82 4.70 0.04 6.90

4.80 0.10 2.40 4.80 0.05 6.86 4.80 0.04 6.93

4.90 0.10 2.50 4.90 0.04 6.90 4.90 0.03 6.97

5.00 0.11 2.61 5.00 0.04 6.95 5.00 0.03 7.00

5.10 0.12 2.73 5.10 0.04 6.98 5.10 0.03 7.04

5.20 0.13 2.86 5.20 0.04 7.02 5.20 0.03 7.07

5.30 0.15 3.01 5.30 0.04 7.06 5.30 0.03 7.10

5.40 0.17 3.18 5.40 0.04 7.10 5.40 0.03 7.14

5.50 0.20 3.37 5.50 0.04 7.13 5.50 0.03 7.17

5.60 0.25 3.62 5.60 0.04 7.17 5.60 0.03 7.20

5.70 0.49 4.11 5.70 0.03 7.20 5.70 0.03 7.24

5.80 0.79 4.90 5.80 0.03 7.24 5.80 0.03 7.27

5.90 0.98 5.88 5.90 0.03 7.27 5.90 0.03 7.30

6.00 1.42 7.30 6.00 0.03 7.30 6.00 0.00 7.30

1000-year 6-hour SCS Type II "Middle 

Peak" Hydrograph

1000-year 6-hour SCS Type II "Late 

Peak" Hydrograph

1000-year 6-hour SCS Type II "Early 

Peak" Hydrograph
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Rainfall Distribution
Inflow Design Flow Control System Plan
Ash Disposal Area 4, Colbert Fossil Plant
Project Number: 175568465
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APPENDIX F 
STAGE-STORAGE DATA



Item 

No.

Basin

Elevation

(ft)

Height

(ft)

Cumulative 

Storage

(ac-ft)

Cumulative 

Storage

(cu. yds)

Cumulative 

Storage

(cu. ft)

1 442.25 0.0 0.00 0.00 0

2 443 0.75 0.04 60.67 1,638

3 444 1.75 0.39 630.41 17,021

4 445 2.75 1.46 2,354.02 63,559

5 446 3.75 3.66 5,904.81 159,430

6 447 4.75 7.39 11,924.88 321,972

ft = feet; ac-ft = acre feet; cu. yds = cubic yards; cu. ft = cubic feet.

South Watershed Stage-Storage

Stage -Storage Data
Inflow Design Flow Control System Plan
Ash Disposal Area 4 South Watershed, Colbert Fossil Plant
Project Number: 175568465
Calculation Performed by: CCC Calculation Date:  9/17/2021
Checked by: MMM Checked By Date: 9/22/2021
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Item 

No.

Basin

Elevation

(ft)

Height

(ft)

Cumulative 

Storage

(ac-ft)

Cumulative 

Storage

(cu. yds)

Cumulative 

Storage

(cu. ft)

1 442 0.0 0.00 0.00 0

2 443 1.0 0.10 160.56 4,335

3 444 2.0 0.59 953.19 25,736

4 445 3.0 1.78 2,874.95 77,624

5 446 4.0 3.88 6,256.82 168,934

6 447 5.0 7.03 11,348.34 306,405

ft = feet; ac-ft = acre feet; cu. yds = cubic yards; cu. ft = cubic feet.

North Watershed Stage-Storage

Stage -Storage Data
Inflow Design Flow Control System Plan
Ash Disposal Area 4 North Watershed, Colbert Fossil Plant
Project Number: 175568465
Calculation Performed by: CCC Calculation Date:  9/17/2021
Checked by: MMM Checked By Date: 9/22/2021
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1101 Market Street, BR 2C, Chattanooga, Tennessee 37402 

Sent Via Electronic Transmittal 

June 10, 2022 

Mr. S. Scott Story, P.E. (e-mail: SSS@adem.alabama.gov) 
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) –  
UPDATED GROUNDWATER MONITORING PLAN (GWMP) FOR THE ASH DISPOSAL AREA 4 
PERMIT APPLICATION 

TVA is submitting an updated Groundwater Monitoring Plan (GWMP) for the Ash Disposal Area 4 
(Ash Pond 4). The enclosed GWMP supersedes the version (Attachment H Operation Plans) 
submitted to ADEM on December 10, 2021, as part of the  Solid Waste Permit Application 
Package (Form 439) for Ash Disposal Pond 4.  

Changes requested by  ADEM during the issuance of the Ash Pond 4 draft permit on April 8, 2022 
and a subsequent follow-up meeting on May 11, 2022 were incorporated in the enclosure.  

If you have any questions, please contact Suama Bolden at 901-319-8787 or by email at 
snbolden@tva.gov. 

Sincerely, 

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

Enclosure 

Received: 6/10/2022
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Alabama Department of Environmental        
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Alabama Department of Environmental        
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Chief Groundwater Protection Unit 
Division of Solid Waste Management 
Alabama Department of Environmental        
Management (ADEM) 
1400 Coliseum Boulevard 
Montogomery, AL 36110 
 
 
 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

  
 

 

Ash Disposal Area 4 
Groundwater Monitoring 
Plan 

TVA Colbert Fossil Plant 

Tuscumbia, Colbert Co., Alabama 
 

 

 

Prepared for: 
 
Tennessee Valley Authority 
Chattanooga, Tennessee 
 
 
Prepared by: 
 
Stantec Consulting Services Inc. 
 

 

June 10, 2022 

 
 
 



ASH DISPOSAL AREA 4 GROUNDWATER MONITORING PLAN 
Colbert Fossil Plant 
Tuscumbia, Alabama 

 i 
 

This document entitled Ash Disposal Area 4 Groundwater Monitoring Plan was prepared by Stantec 
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1.0 INTRODUCTION 

This TVA Colbert Fossil Plan Ash Disposal Area 4 Groundwater Monitoring Plan (GWMP) describes 
the groundwater program for Ash Disposal Area 4, a coal combustion residuals (CCR) 
management unit, in compliance with ADEM Admin Code r. 335-13-15-.09(1)(a)1. The unit is 
located at the Tennessee Valley Authority (TVA) Colbert Fossil Plant (COF) in Tuscumbia, Alabama.  

Groundwater monitoring at Ash Disposal Area 4 is required by the Alabama Department of 
Environmental Management (ADEM or the Department), ADEM Admin Code r. 335-13-15-.06, to 
detect potential downgradient changes in groundwater quality at Ash Disposal Area 4. This 
GWMP meets the requirements set forth for groundwater monitoring systems as described by 
ADEM Admin Code r. 335-13-15-.06(2) and the United States Environmental Protection Agency 
(EPA) CCR Rule [Title 40, Code of Federal Regulations (Federal or EPA CFR) Part 257, Subpart D]. 

This GWMP includes a description of the geologic setting and hydrogeology, the groundwater 
monitoring well system, groundwater sampling and analysis program, reporting, statistical 
evaluation protocols, well installation and abandonment procedures and recordkeeping. 

1.1 SITE DESCRIPTION 

TVA COF is located at 900 Colbert Steam Plant Road in Tuscumbia, Colbert County, Alabama 
(Figure 1). The facility occupies 1,354 acres between the south shore of the Tennessee River / 
Pickwick Reservoir and U.S. Highway 72 in Colbert County, Alabama. Cane Creek, a tributary of 
the Tennessee River, flows through the COF property (Figure 2). 

Cane Creek, a tributary of the Tennessee River, enters the COF property south of U.S. Highway 72 
and flows northwest through the property before crossing under Colbert Steam Plant Road. From 
there, the creek meanders for approximately 2.85 miles past the decommissioned power plant 
and around Horseshoe Bend before reaching the Tennessee River, as shown on Figure 2.  

1.2 BACKGROUND 

The COF facility operated as a coal-fired power generation station commencing in 1955. COF was 
retired in 2016 and is no longer used to generate electricity. Two capped and closed CCR units, 
Ash Disposal Area 4 and Ash Stack 5, are located within the eastern portion of COF. Ash Disposal 
Area 4 is a CCR Rule unit, regulated under both the Federal CCR Rule and the ADEM CCR Rule 
(ADEM Admin. Code r. 335-13-15). Ash Stack 5 is regulated under the ADEM Solid Waste Program 
[ADEM Admin Code r. 335-13-4] and is monitored in accordance with an ADEM-approved 
Closure/Post-closure Plan. 

Ash Disposal Area 4 is located approximately 3,000 feet south of the plant powerhouse and was 
constructed in 1972. Ash Disposal Area 4 was capped and substantially complete by December 
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2017 as documented in the September 2018 “Closure Certification Report Final Closure – Ash 
Disposal Area 4” report (AECOM, 2018).  

The groundwater near Ash Disposal Area 4 has been routinely monitored as required by the EPA’s 
CCR rule and the Ash Disposal Area 4 Closure Plan for this unit. A certified groundwater monitoring 
system was established for Ash Disposal Area 4, which includes six wells1 installed at the 
downgradient waste boundary within the uppermost aquifer (a shallow alluvial aquifer). Routine 
groundwater monitoring and reporting is regularly conducted in accordance with Federal/state 
requirements (Stantec, 2022b). 

In 2018, TVA and ADEM executed the First Amended Consent Decree (ADEM 2018) which required 
a comprehensive groundwater investigation (CGWI) associated with the area of Ash Disposal 
Area 4 and Ash Stack 5. The CGWI was conducted from December 2018 through April 2019, to 
understand groundwater flow regimes and groundwater quality of the alluvial aquifer and the 
underlying bedrock aquifer. The results were published in the CGWI Report dated May 17, 2019 
(Stantec, 2019). An update of recent groundwater sampling analytical results and additional 
downgradient monitoring well installations can be found in the 2019, 2020, and 2021 First Amended 
Consent Decree Annual Groundwater Monitoring and Corrective Action reports (Stantec, 2020; 
Stantec, 2021; Stantec, 2022a).  

 

 

 
 
1 Five alluvial aquifer wells (CA5, COF-102, COF-104, COF-105 and COF-106) were certified in October 2017, 
and a sixth well (COF-111) was added to the certified groundwater monitoring system in 2021. 
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2.0 ASH DISPOSAL AREA 4 CONCEPTUAL SITE MODEL 

The following sections discuss the geologic setting and hydrogeology of the COF facility, including 
a description of the units pertinent to this GWMP, the presence of groundwater and aquifers, and 
groundwater flow patterns. 

2.1 GEOLOGY 

COF is within the Highland Rim section of the Interior Low Plateaus Physiographic Province and is 
underlain by bedrock composed of limestones, shales and sandstones of Mississippian age 
(Bossong and Harris, 1987; Szabo et al., 1988). This province is characterized by moderate relief on 
a low plateau adjacent to the Tennessee River. The river is a major drainage feature within the 
province and composes the northern property boundary of COF.  

The local geologic setting of COF has been determined through the interpretation of lithologic 
logs associated with groundwater monitoring well borings and geotechnical borings. Three 
lithologic units of importance to this GWMP have been identified at COF and each is described 
below. Figure 3 provides a map showing the site geologic setting. 

2.1.1 RESIDUUM 

A surficial chert-rich clay residuum composed of silt, clay, and chert materials is present at COF, 
formed by the in-situ weathering of limestone bedrock (see Figure 4). Near Ash Disposal Area 4, 
this lithologic unit is more evident in locations away from Cane Creek near the western edge of 
Ash Disposal Area 4. The residuum is relatively impermeable and can inhibit the vertical flow of 
groundwater creating localized perched pockets of groundwater. Horizontal flow through the 
residuum might occur locally but is typically of minimal volumetric flow. Although water is 
occasionally present in wells screened within the clay residuum, the residuum is not considered to 
be an aquifer at COF because of its sporadic saturated condition and the very low yields.  

2.1.2 ALLUVIUM 

Adjacent and parallel to Cane Creek in the Ash Disposal Area 4 area, alluvium deposits 
composed primarily of sands and gravels were deposited in the valley of Cane Creek (the 
hatched area depicted on Figure 3). Alluvium is a general term for clay, silt, sand, gravel, or similar 
unconsolidated detrital material, deposited during comparatively recent geologic time by a 
stream or other body of running water, as a sorted or semi-sorted unconsolidated sediment. Based 
on the geologic mapping depicted on Figure 3 and evaluation of geotechnical borings at Ash 
Disposal Area 4, the alluvial aquifer underlies most of the Ash Disposal Area 4 management unit. 
A cross-sectional view of the alluvial aquifer along the eastern (downgradient) boundary of Ash 
Disposal Area 4 is provided as Figure 5. 
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2.1.3 BEDROCK 

The Tuscumbia Limestone is the predominant bedrock unit underlying most of the COF facility 
(including Ash Disposal Area 4 and Ash Stack 5), with the Pride Mountain Formation overlying the 
Tuscumbia Limestone over a small area southwest of Ash Disposal Area 4, as shown on Figure 3. 
The Tuscumbia Limestone bedrock has an irregular contact between bedrock and the overlying 
residuum and alluvium due to weathering. The Tuscumbia Limestone is characterized by 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 
(URS, 2014). A southwest to northeast cross-sectional view of the bedrock aquifer is provided as 
Figure 4. 

2.2 HYDROGEOLOGY 

COF is underlain by the Tuscumbia Limestone, and surface clay (residuum) from weathered 
limestone overlies the Tuscumbia Limestone in some areas. Alluvial sediments are present above 
the Tuscumbia Limestone along Cane Creek in the vicinity of Ash Disposal Area 4. The geologic 
materials in which groundwater is observed are described below. 

2.2.1 ALLUVIAL AQUIFER 

Adjacent to Cane Creek, alluvium deposits (unconsolidated silts, sands, and gravels) overlie 
bedrock that compose a surficial alluvial aquifer of limited horizontal extent. The alluvium adjacent 
and parallel to Cane Creek and underlying most of the Ash Disposal Area 4 area compose a 
discrete Alluvial aquifer that directs groundwater on both sides of the creek valley toward the 
creek throughout the year. Cane Creek flows north and northwest through TVA property, and 
eventually discharges into the Tennessee River more than two miles downstream of the former 
COF powerhouse. The Alluvial aquifer contains adequate quantities of groundwater and has 
sufficient yields to be classified as the uppermost aquifer in this area downgradient of Ash Disposal 
Area 4.  

Alluvial aquifer groundwater elevation maps from 2020 to 2021 dry and wet seasons are included 
in Appendix A to illustrate the consistent groundwater flow regime of the alluvial aquifer. To 
develop these maps, alluvial aquifer and residuum monitoring wells were gauged for water levels 
prior to quarterly groundwater sampling events, and groundwater elevations were calculated 
using the National Geodetic Vertical Datum of 1929 (NGVD 29). Although the residuum is not a 
water-bearing unit, groundwater elevations in the residuum wells west of Ash Disposal Area 4 were 
gauged because the alluvial aquifer does not extend that far west. The residuum wells serve as a 
proxy for the upgradient water table elevation. 

Groundwater flow at Ash Disposal Area 4 is a subdued replica of the natural valley topography, 
flowing from higher topographic elevations toward the creek on both sides of the valley. The 
horizontal gradient fluctuates throughout the year at variable magnitudes and durations 
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depending on precipitation, groundwater flow trends in the bedrock aquifer, and other hydraulic 
factors in adjacent water bodies. 

Testing for hydraulic conductivity at downgradient groundwater monitoring wells was conducted 
during a 2018 hydrogeologic evaluation (Terracon, 2018). Testing data indicates the uppermost 
saturated zone within the alluvial deposits has a geometric mean hydraulic conductivity of 3.4 x 
10-3 centimeters per second (cm/sec). Linear groundwater flow velocity was calculated for the 
uppermost aquifer (alluvial aquifer) using: 

 The geometric mean hydraulic conductivity calculated from hydraulic testing (3.4 x 10-3 
cm/sec); 

 Horizontal hydraulic gradients calculated from gauging data measured during the 
implementation of the groundwater sampling and analysis program, ranging from 0.0016 
to 0.0073 feet per foot; and, 

 An effective porosity of 20% (assumed effective porosity value in silty clayey sand and 
lean clay with sand type materials in the alluvial aquifer). 

The average linear flow velocity in the uppermost aquifer ranges from approximately 28 to 130 
feet per year.  

2.2.2 BEDROCK AQUIFER 

The Tuscumbia Limestone bedrock aquifer (technically referred to as the Tuscumbia-Fort Payne 
aquifer) underlying COF is composed of limestone and dolomite rocks with a permeability 
distribution spanning many orders of magnitude. The aquifer is composed of a complex, mesh-
like, multiple-channel network of secondary porosity enhanced by limestone dissolution processes 
immersed in a low permeability, non-fractured to sparsely fractured limestone matrix.  

Bedrock aquifer groundwater elevation maps from 2020 to 2021 dry and wet seasons are included 
in Appendix A to illustrate the groundwater flow patterns of this unit. Groundwater in the bedrock 
aquifer generally flows northeast toward the Tennessee River, similar to regional groundwater flow 
patterns.  

Data necessary to provide a reliable estimate of groundwater flow velocity through the COF 
fracture system are not available; however, it is postulated that groundwater flow is relatively 
unimpeded through the open and interconnected fractures underlying the site. It is presumed 
that groundwater flow is maximized when there is a significant head differential (driving force), 
whereas under static conditions (during periods of light or no rainfall for several days to weeks), 
groundwater flow lessens considerably. Groundwater flow through partially filled fractures (which 
is likely the case through the majority of the site) is considered negligible. 
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3.0 GROUNDWATER MONITORING SYSTEM 

Groundwater monitoring at the Ash Disposal Area 4 is required by ADEM Admin Code r. 335-13-
15-.06 to detect potential downgradient changes in groundwater quality.  The Ash Disposal Area 
4 groundwater monitoring system is summarized below in Table 1, and well locations are depicted 
on Figure 6. TVA’s groundwater monitoring system for Ash Disposal Area 4 was designed to meet 
the requirements of ADEM Admin Code r. 335-13-15-.06, as summarized below.   

The groundwater monitoring system includes 19 wells at the appropriate depths and locations to 
provide groundwater samples that accurately represent the quality of background groundwater 
that has not been affected by the unit, and the quality of groundwater passing the waste 
boundary in accordance with ADEM Admin Code r. 335-13-15-.06(2)(a). The system is comprised 
of three background wells, four upgradient wells, two cross-gradient wells, and ten downgradient 
wells (five each located within the alluvial aquifer and the bedrock aquifer).  

The number, spacing and depths of groundwater monitoring wells selected for inclusion in the 
system were determined based on the performance standards set in ADEM’s administrative code; 
site-specific technical information collected during the Comprehensive Groundwater 
Investigation (2018-2019); semiannual groundwater data (uppermost alluvial aquifer) collected in 
accordance with the Federal CCR Rule (2016 to present); quarterly groundwater data (alluvial 
and bedrock aquifers) collected in accordance with the 1st Amended Consent Decree (2019 to 
present); and historical hydrogeological data and information. As discussed in Section 2 (above), 
the conceptual site model for COF is based on an understanding of aquifer thicknesses, 
groundwater flow rate and direction, and seasonal groundwater elevation fluctuations.  

The groundwater monitoring system for Ash Disposal Area 4 meets the performance standard set 
forth in the rules. Further technical discussion is provided in the following sections. 

3.1 WELL CONSTRUCTION 

Wells completed in the alluvial aquifer (and two wells screened in residuum) were installed in 
general accordance with the “Design and Installation of Groundwater Monitoring Wells in 
Aquifers” (ASTM D5092) standard, per Division 13 regulation [335-13-15-.06 Groundwater 
Monitoring and Corrective Action] regarding the proper construction of monitoring wells. Wells 
within the bedrock aquifer were also installed in general accordance with the “Design and 
Installation of Groundwater Monitoring Wells in Aquifers” (ASTM D5092) standard. Per ASTM D5092 
and USEPA Region 4 guidance for the Design and Installation of Monitoring Wells (USEPA, 2018), 
open hole bedrock completions are warranted in the limestone bedrock conditions prevalent at 
COF. Therefore, the designated unconsolidated aquifer and open hole bedrock aquifer 
background and compliance monitoring wells at Ash Disposal Area 4 were installed in 
accordance with ADEM regulations and USEPA guidance and compose a suitable and 
representative groundwater monitoring system.  
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Boring logs and well construction diagrams for the wells listed in Table 1 are included in 
Appendix B. Well construction details are summarized in Table B-1, and Table B-2 provides an 
index of logs and diagrams for reference. 

Table 1: Ash Disposal Area 4 Groundwater Monitoring System 

Monitoring Well 
Number 

Top of Casing  
(feet NGVD29) Unit Monitoring Geologic Unit 

Background Wells 

CA5  428.56 Ash Disposal Area 4  Alluvium 
CA6  428.22 Ash Disposal Area 4  Bedrock 

COF-116BR  427.26 Ash Disposal Area 4  Bedrock 

Compliance Wells 
COF-102  426.27 Ash Disposal Area 4  Alluvium 
COF-104  423.74 Ash Disposal Area 4  Alluvium 
COF-105  426.83 Ash Disposal Area 4  Alluvium 
COF-108 429.36 Ash Disposal Area 4  Alluvium 
COF-111  425.32 Ash Disposal Area 4  Alluvium 
MC4 (a) 447.21 Ash Disposal Area 4  Residuum 

MC5A (a) 444.20 Ash Disposal Area 4  Residuum 
COF-111BR (b) 425.38 Ash Disposal Area 4  Bedrock 

COF-112BR  448.59 Ash Disposal Area 4  Bedrock 
COF-113BR (c) 438.98 Ash Disposal Area 4  Bedrock 
COF-114BR (c) 429.18 Ash Disposal Area 4  Bedrock 

CA17B  439.71 Ash Disposal Area 4  Bedrock 
CA30B  442.57 Ash Disposal Area 4  Bedrock 

MC1 (a) 446.86 Ash Disposal Area 4  Bedrock 
MC5C (a) 442.67 Ash Disposal Area 4  Bedrock 

COF-108BR (d) Future Installation Ash Disposal Area 4 Bedrock 
COF-111BRR (d) Future Installation Ash Disposal Area 4 Bedrock 

Delineation Wells (RESERVED) 

Pending Final Assessment of Corrective Measures 
Notes:  

(a) Located hydraulically upgradient of Ash Disposal Area 4. 
(b) Planned for abandonment due to onsite construction activities.  
(c) Located hydraulically cross-gradient of Ash Disposal Area 4. 
(d) Future installations.  
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3.2 WELL TYPES 

The groundwater monitoring network is subdivided into background and compliance locations 
per the ADEM CCR Facility Permit. Background and compliance locations are further defined 
below as upgradient, downgradient or cross-gradient. These designations are based upon 
assessment of potentiometric contours and aquifer interpretations by a qualified geologist where 
upgradient refers to the direction of increasing hydraulic head with respect to Ash Disposal Area 
4; downgradient refers to the direction of decreasing hydraulic head with respect to Ash Disposal 
Area 4; and, cross-gradient is used to describe locations that are not directly hydraulically 
upgradient or downgradient relative to Ash Disposal Area 4. Further discussion of the well types is 
provided below. 

3.2.1 BACKGROUND MONITORING WELLS 

Background groundwater is the baseline quality of groundwater that is representative of the 
aquifer being monitored but has not been affected by CCR. Background groundwater 
monitoring wells for both the uppermost alluvial aquifer and the underlying bedrock aquifer have 
been identified at COF based on groundwater flow conditions, groundwater quality, and 
statistical screening of the data in accordance with the Unified Guidance (Statistical Analysis of 
Groundwater Data at RCRA Facilities, Unified Guidance, March 2009, USEPA 530/R-09-007).  

For Ash Disposal Area 4, one background well is located within the alluvial aquifer (CA5), and 
two (CA6 and COF-116BR) are located within the bedrock aquifer (see Figure 6 for well locations).  
Further discussion of the background wells is provided below. 

Alluvial Aquifer 

Monitoring well CA5 is included in the proposed groundwater monitoring system to provide 
groundwater samples that represent the quality of background groundwater in the alluvial 
aquifer. Based on review of alluvial aquifer groundwater elevations and flow patterns, monitoring 
well CA5, screened in the alluvial aquifer, is upgradient of Ash Disposal Area 4 at a location 
approximately 1,600 feet south of the waste boundary. Installed in 1982, CA5 has been sampled 
more than 45 times, providing data that represents seasonal fluctuations over several years.  
Groundwater quality data indicates reasonably consistent concentrations of constituents and 
stable trends over time.  CA5 is included as a background well in the certified monitoring systems 
for both federal and state CCR groundwater monitoring programs.  

Bedrock Aquifer 

Monitoring well CA6 is included in the proposed groundwater monitoring system to provide 
groundwater samples that represent the quality of background groundwater in the limestone 
bedrock aquifer. Based on review of bedrock aquifer groundwater elevations and flow patterns, 
open hole monitoring well CA6 is located approximately 1,600 feet south of the waste boundary.  
CA6 has been determined to be moderately connected to the limestone aquifer which enables 
collection of groundwater samples that are representative of bedrock groundwater quality. 
Installed in 1982, CA6 has been sampled more than 47 times, providing groundwater data that 
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represents seasonal fluctuations over several years.  The data appear representative of a natural 
limestone aquifer and indicates reasonably consistent concentrations of constituents and stable 
trends over time. 

Monitoring well COF-116BR is included in the proposed groundwater monitoring system to provide 
groundwater samples that represent the quality of background groundwater in the limestone 
bedrock aquifer. Based on review of bedrock aquifer groundwater elevations and flow patterns, 
open hole monitoring well COF-116BR is located approximately 800 feet south of the waste 
boundary.  Similar to CA6, well COF-116BR has been determined to be moderately connected 
to the limestone aquifer which enables collection of groundwater samples that are 
representative of bedrock groundwater quality. Installed in 2019, CA6 has been sampled 10 times 
from 2019 through 2022, providing groundwater data that characterizes seasonal fluctuations 
and groundwater quality at this location. The data appear representative of a natural limestone 
aquifer and indicates reasonably consistent concentrations of constituents and stable trends 
over time. 

3.2.2 COMPLIANCE MONITORING WELLS 

Alluvial aquifer compliance wells are screened within the uppermost aquifer at Ash Disposal 
Area 4 within the saturated interval down to the interface with underlying bedrock and are used 
to assess potential impacts to the uppermost or first “aquifer” in the event of a release. Bedrock 
aquifer compliance wells (with one exception) are open hole constructed wells that monitor the 
uppermost interval of bedrock in the vicinity of Ash Disposal Area 4. 

Compliance monitoring wells are located downgradient, upgradient and cross-gradient of Ash 
Disposal Area 4, enabling monitoring of groundwater quality around the perimeter of Ash 
Disposal Area 4. Groundwater monitoring at Ash Disposal Area 4 is required in accordance with 
ADEM Admin Code r. 335-13-15-.06, to detect potential downgradient changes in groundwater 
quality. 

The following compliance wells have been identified for inclusion in the Ash Disposal Area 4 
groundwater monitoring system: 

 Ten wells are located downgradient: alluvial wells COF-102, COF-104, COF-105, COF-108, 
COF-111, and bedrock wells COF-108BR2, COF-111BRR3, COF-112BR, CA17B, CA30B.  

 Four wells are located upgradient: residuum wells MC1, MC5A and bedrock wells MC1 
and MC5C.  

 Two wells are located cross-gradient: bedrock wells COF-113BR and COF-114BR.  

Each compliance well type is discussed below. See Figure 6 for well locations. 

 
 
2 Future new well installation. 
3 Future installation as replacement for COF-111BR. 
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3.2.2.1  Compliance Wells – Downgradient  

There are two sets of downgradient compliance wells at Ash Disposal Area 4: a network of five 
wells screened within the uppermost alluvial aquifer that are used to assess potential impacts to 
the uppermost “aquifer” in the event of a release, and a network of five wells completed in the 
underlying bedrock aquifer. 

Alluvial Aquifer  

Monitoring wells COF-102, COF-104, COF-105, COF-111, and COF-108 have been designated as 
the downgradient compliance uppermost alluvial aquifer wells at Ash Disposal Area 4. Well 
depths range between 10.9 to 39.0 feet below ground surface (bgs). Except for COF-108, these 
wells were installed and screened across the entire saturated aquifer thickness of the uppermost 
alluvial aquifer. Well COF-108 is screened in the basal 10 feet of the alluvial aquifer and was 
selected as a compliance well in lieu of COF-106, which was screened in the upper portion of 
the alluvial aquifer saturated interval. Based on review of groundwater elevations, these wells 
occupy a consistent downgradient position relative to Ash Disposal Area 4 and are properly 
located to detect potential impacts from the unit. 

Bedrock Aquifer 

Monitoring wells COF-108BR, COF-111BRR, CA17B, CA30B, and COF-112BR have been designated 
as the downgradient bedrock compliance bedrock wells at Ash Disposal Area 4. Each well has 
been constructed (or will be constructed, in the case of COF-108BR and COF-111BRR) as an open 
hole well. Based on review of groundwater elevations, these wells occupy downgradient 
positions relative to Ash Disposal Area 4 along or directly adjacent to preferential groundwater 
flow pathways. Existing wells CA17B, CA30B, COF-111BR and COF-112BR have total well depths 
between 52 to 126 feet bgs. 

Due to impacts related to upcoming site activities, COF-111BR will be abandoned and later 
replaced with COF-111BRR after construction activities are complete. COF-111BR will continue to 
be monitored until the well is abandoned. COF-111 will be protected during construction, but if 
damage occurs, this well will also be replaced. 

Well COF-108BR, a new downgradient bedrock compliance well, will be installed following ADEM 
approval. The locations of both COF-111BRR and COF-108BR will be dependent on field 
conditions, construction activities, and the results of pre-installation geophysical surveys. 

3.2.2.2 Compliance Wells - Upgradient  

Four compliance wells are located upgradient of Ash Disposal Area 4: MC4, MC5A, MC1 and 
MC5C. All four of these wells were installed prior to 2005 to monitor potential influences from the 
former Metal Cleaning Pond (MCP), also referred to as the Iron Pond. The Iron Pond was located 
west of Ash Disposal Area 4, ceased operation by 2007, and was closed in 2011-2012 in 
accordance with ADEM requirements.  
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Residuum 

Monitoring wells MC4 and MC5A are screened in residuum, which is not considered to be an 
aquifer, although water is sometimes present in the wells. When enough water is present in the 
wells, the elevations indicate these well are nominally upgradient of Ash Disposal Area 4. MC4 
and MC5A are screened between 9.7 to 24.6 feet bgs and 8.5 to 23.4 feet bgs, respectively, just 
above the top of bedrock. 

Bedrock Aquifer 

Based on their location and the interpreted direction of groundwater flow, wells MC1 and MC5C 
are both considered to be upgradient of Ash Disposal Area 4. MC1 is an open hole well, with a 
total depth of 73.6 feet bgs. MC5C is a screened bedrock well (the only screened bedrock well in 
the system), constructed with a 10-foot-long screen between 142.5 to 152.1 feet bgs. MC5C is 
approximately 50 feet deeper than other nearby open hole bedrock wells and monitors a much 
deeper zone of bedrock groundwater than other Ash Disposal Area 4 compliance wells.  

3.2.2.3 Compliance Wells – Cross-gradient 

Two cross-gradient bedrock wells are included in the groundwater monitoring system. 

Bedrock Aquifer 

Based on their location and the interpreted direction of groundwater flow, COF-113BR and 
COF-114BR are cross-gradient of Ash Disposal Area 4, based on groundwater elevation maps 
(Appendix A). Both wells are open hole, with total depths of 100 and 120 feet bgs, respectively. 
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4.0 GROUNDWATER SAMPLING AND ANALYSIS 

In accordance with ADEM Admin Code 335-13-15-.06(4), groundwater monitoring will be 
performed in accordance with sampling and analysis procedures to ensure an accurate 
representation of groundwater quality. The sampling and analysis procedures, including sample 
collection, sample preservation and shipment, analytical procedures, chain of custody control, 
and quality assurance and quality control measures are summarized below.  

4.1 GROUNDWATER SAMPLING FREQUENCY 

Groundwater monitoring events will be conducted on a semiannual basis. All wells identified in 
the groundwater monitoring system will be sampled, based on the existing wells at the time. To 
coincide with wet and dry periods, sampling will be scheduled during the February-March and 
August-September timeframe each year. The time periods may be adjusted in the future 
depending on observed weather conditions. 

4.2 GROUNDWATER MEASUREMENTS AND PURGING PROTOCOL 

4.2.1 GROUNDWATER LEVEL MEASUREMENTS 

Prior to groundwater sampling, the depth from top of casing (or surveyed reference point) to 
groundwater surface in each monitoring well will be measured using an electronic water-level 
indicator. Well gauging data will be measured and recorded to the nearest 0.01 foot. To the extent 
possible, the field team will minimize the time between collecting the first and last water level 
measurements for the monitoring well network. At a minimum, all wells will be gauged within a 24-
hour period. The water level indicator will be decontaminated after gauging each well by 
following the decontamination procedures provided below in Section 4.6. 

In the event of a moderate to heavy rainfall, well gauging will stop and TVA will estimate the length 
of time needed for water levels to equilibrate.  All water levels may need to be measured again.  

4.2.2 WELL PURGING 

Following the round of well gauging, monitoring wells will be purged using either dedicated (if 
present) or non-dedicated pumps in each well. Purging will continue until field measurements of 
water quality parameters have stabilized during three consecutive readings at three- to five-
minute intervals. The stabilization criteria are as follows: 

 pH:  ±0.1 standard units 

 specific conductance:  ±3% in microsiemens/centimeter (µS/cm) 

 dissolved oxygen (DO):  Below 0.5 milligrams per liter (mg/L) or ± 10% for values greater 
than 0.5 mg/L 
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 turbidity:  Below 5 Nephelometric Turbidity Units (NTUs) or ±10% for values above 5 NTUs and 
stable 

With the intended goal of collecting a groundwater sample with a turbidity value below 5 NTUs, 
the following scenarios will be followed, as applicable, provided the water quality parameters 
have met stabilization criteria:  

 If turbidity is below 5 NTUs for three consecutive readings, purging will be deemed 
complete and sampling shall proceed. 

 If turbidity is greater than 5 NTUs and is continuing to decrease, purging should continue 
for a total of up to 2 hours or until other conditions listed herein are met. After two hours, 
sampling will proceed.  

 If turbidity is greater than 5 NTUs and there are three consecutive increasing turbidity 
measurements after decreasing values have been observed, sample collection will 
proceed. 

 If turbidity is greater than 5 NTUs but is within plus or minus 10% of the previous reading for 
three consecutive readings, and historic purge logs for the well have shown that the well 
has consistently stabilized above 5 NTUs, purging will be deemed complete and sampling 
shall proceed.  

Field measurements, including pH, specific conductance, DO, oxidation reduction potential 
(ORP), temperature, and turbidity, will be measured during purging using a flow-through cell 
complemented by other field parameter measurement devices, if necessary. Once the field 
measurements of water quality parameters have stabilized after three consecutive readings, 
groundwater samples will be collected. For low-yield wells, field measurements might be 
performed at the time of sample collection in an open sample container using a multi-parameter 
probe. If after two hours of well purging the field measurements of water quality parameters have 
not stabilized, then groundwater samples will be collected and the efforts to stabilize the water 
quality parameters will be recorded in the field logbook and field data sheet.  

Purging beginning and end times, pumping rates, field measurements of water quality 
parameters, and groundwater gauging data will be recorded throughout the purging procedure 
on field sampling forms. The total volume purged at each well may vary based on recharge rates 
and stabilization of water quality parameters. Low-flow purging techniques will be used to collect 
a representative sample from the water-bearing formation, unless the wells do not yield sufficient 
water. If the well has been sampled historically using low-flow sampling methods, then the well will 
be purged at the rate known to induce minimal drawdown.  

If historical purge pumping rates are unknown, purging will begin at a minimum pumping rate of 
0.1 liter per minute (L/min) and will be slowly increased to a setting that induces little or no 
drawdown, if possible. Pumping rates will not exceed 0.5 L/min. If drawdown exceeds 0.3 feet, but 
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reaches stability, purging of the well will continue and the current flow rate, drawdown, and time 
will be recorded on the field data sheet by the sampler.  

Low-yield wells will be purged until standing water is removed. Groundwater samples will be 
collected with a low-flow pump as soon as sufficient water returns within the well bore to obtain 
the necessary sample volume, but no later than 24 hours after the well purge. 

4.3 COLLECTION OF GROUNDWATER SAMPLES 

4.3.1 GROUNDWATER SAMPLING 

The final measurement of water quality parameters will be conducted and documented on field 
sampling forms at the time of sample collection, but these measurements will not be from the 
sample itself. Unfiltered groundwater samples will be collected in laboratory-provided, pre-
preserved sample containers. Groundwater samples will be collected directly from the pump 
discharge line at the same flow rate used for stabilization during purging. The sampler will wear 
clean latex (or equivalent) gloves when handling sample containers and will not touch the interior 
of containers or container caps. New gloves will be used when handling each set of sample 
containers. When filling sample containers, care will be taken to minimize sample aeration (i.e., 
water will be directed down the inner walls of the sample bottle) and avoid overfilling and diluting 
preservatives. Each sample bottle will be capped before filling the next bottle.  

Filtered (dissolved) inorganic constituent samples may need to be collected, in addition to 
unfiltered (total) inorganic constituent samples, if the final turbidity value before sampling exceeds 
5 NTUs. Issues that could affect the quality of samples will be recorded on the field data sheet or 
in the logbook along with the action(s) taken to resolve the issue. These could include observations 
such as clogged sampling tubes, highly turbid samples, or defective materials or equipment. 

Once sample collection is complete, a post-sampling confirmation turbidity and depth-to-water 
measurement will be collected and recorded, and a final set of indicator parameter readings will 
be collected.  

4.3.2 SAMPLE PRESERVATION AND HANDLING 

Once each sample container has been filled, the rim and threads will be cleaned by wiping with 
a clean paper towel and then the sample bottle cap will be secured. Each sample container will 
be checked to ensure that it is sealed, legibly labeled, and externally clean. A signed and dated 
custody seal will be applied to each sample container. Sample containers will be packaged in a 
manner to prevent breakage during shipment.  

Coolers will be prepared for shipment by taping the cooler drain shut and lining the bottom of the 
cooler with packing material or bubble wrap. Sample containers will be placed in the cooler in 
an upright single layer. Small uniformly sized containers will be stacked in an upright configuration 
and packing material will be placed between layers. Plastic containers will be placed between 
glass containers when possible. A temperature blank will be placed inside each cooler to measure 
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sample temperature upon arrival at the laboratory, if requested, and provided by the analytical 
laboratory. Loose ice will be placed around and among the sample containers to ensure that the 
samples remain less than 6 degrees Celsius (ºC) during shipment. The cooler will be filled with 
additional packing material to ensure that the containers are secure. 

4.3.3 CHAIN OF CUSTODY (COC) CONTROL 

Custody of each sample container will be maintained by Field Sampling Personnel during the 
sampling events until relinquished via COC to the analytical laboratory. A custody seal with the 
date and signature of the sampler is to be placed on each sample container.  

COC records will be prefilled to the extent practical using TVA’s fillable PDF forms or the EQuIS® 
Collect software to ease transcription in the field. COC records will be completed electronically 
at the time of sample collection by field sampling personnel. If electronic means are not available, 
then COC records will be completed on paper in blue or black waterproof ink. The COC record 
will accompany the samples at all times until samples are relinquished. Individuals who 
subsequently take possession of the samples will also sign and include the date and time on the 
COC record, except for common carriers (i.e., FedEx). The shipping document provided by FedEx 
will serve as an appropriate custody record during sample shipment.  

Unique COC identification (ID) numbers are to be recorded in the Daily Activity Log or field 
logbook. Accurate COC identification is critical for maintaining traceability from field collection 
to laboratory delivery, as well as for association with results.  

COC identification will be in the format of XXZZZMMDDYYYY_TC_LOC as follows:  

 XX – Sampling Program Code (GW = Groundwater Monitoring) 

 ZZZ – Three-character facility identification code (COF)  

 MMDDYYYY – Day of Sample Collection in mmddyyyy format  

 T = Sampling Team Number  

 C – COC Identification code for analysis requested (A = Chemical Constituents)  

 LOC – Specific Location (i.e., LF) only used for facilities with multiple networks to ensure that 
all COC numbers are unique.  

The original COC form will be placed in a resealable plastic bag taped to the inside lid of the 
cooler. A copy of the COC form will be retained with the field notes in the project files. A unique 
cooler ID number will be written on the COC and the shipping label placed on the outside of the 
cooler. The total number of coolers required to ship the samples will be recorded on the COC 
form. If multiple coolers are required to ship samples contained on a single COC form, the original 
copy will be placed in “cooler 1 of X” with copies (marked as such) placed in the additional 
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coolers. Two signed and dated custody seals will be placed on alternate sides of each cooler lid. 
Packaging tape (i.e., strapping tape) will be wrapped around the cooler to secure the sample 
shipment. 

Upon receipt of the samples, the analytical laboratory will open the cooler and will sign "received 
by laboratory" line on each COC form. The laboratory will verify that the custody seals have not 
been broken. The laboratory will note the condition and temperature of the samples upon receipt 
and will identify any discrepancies between the contents of the cooler and the COC form. If 
discrepancies are found, the laboratory project manager will immediately call the laboratory 
coordinator and field team leader to resolve the issue and note the resolution on the laboratory 
check-in sheet. The analytical laboratory will then forward the back copy of the COC form to the 
QA manager and investigation/consultant project manager.  

4.4 ANALYTICAL PARAMETERS 

Groundwater samples will be analyzed for the constituents listed in Appendix III and Appendix IV 
of the ADEM CCR Rule. The groundwater monitoring constituents are listed below: 

Table 2 : Ash Disposal Area 4 Groundwater Monitoring Constituents 

Appendix III Parameters  Appendix IV Parameters 
Boron Antimony 
Calcium Arsenic 
Chloride Barium 
Fluoride Beryllium 
pH Cadmium 
Sulfate Chromium (Total) 
Total Dissolved Solids (TDS) Cobalt 
 Fluoride [already included] 
 Lead  
 Lithium 
 Mercury 
 Molybdenum 
 Selenium 
 Thallium 
 Ra-226 &228 

Analytical methods, preservation requirements, container size, and holding times for each 
chemical analysis are presented in Table 3.  
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Table 3: Analytical Methods, Preservatives, Containers and Holding Times 

Parameter Analytical 
Methods 

Reporting 
Limits Preservative(s) Container(s) Holding Times 

Metals, total SW-846 6020B Varies HNO3 to pH < 2 
Cool to <6°C 250-mL HDPE 

180 days 
Mercury, total SW-846 7470A 2.0 µg/L 28 days 

Metals, dissolved SW-846 6020B Varies HNO3 to pH < 2 
Cool to <6°C 

250-mL HDPE 180 days 

Mercury, 
dissolved 

SW-846 7470A 2.0 µg/L 28 days 

Radium 226 EPA 903.0 2.5 pCi/L HNO3 to pH < 2 
Cool to <6°C 

1-L HDPE 180 days 

Radium 228 EPA 904.0 2.5 pCi/L HNO3 to pH < 2 
Cool to <6°C 

2x1-L HDPE 180 days 

Anions (chloride, 
fluoride, sulfate) 

SW-846 9056 Varies 

Cool to <6°C 500-mL HDPE 

28 days 

Total Dissolved 
Solids (TDS) 

SM 2540C 10.0 mg/L 7 days 

Alkalinity  
(Total, 

Carbonate, and 
Bicarbonate) 

SM2320B 5.00 mg/L 14 days 

pH SW-846 9040C  
(laboratory 

measurement) 

±0.1 SU 24 hours 

pH SW-846 9040C 
(field 

measurement) 

±0.05 SU NA NA 
15 minutes 

Notes:  
Varies: Reporting limits for metals (total and/or dissolved) and anions vary per analyte; laboratory 
reporting limits will be in accordance with the QAPP 
µg/L: micrograms per liter 
mg/L: milligrams per liter 

4.5 FIELD EQUIPMENT TESTING/INSPECTION AND MAINTENANCE  

Field equipment will be inspected, tested, and calibrated (as applicable) prior to initiation of 
fieldwork by the field team members. If equipment is not in the proper working condition, that 
piece of equipment will be repaired or taken out of service and replaced prior to use.  
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For instruments requiring field calibration, documented calibrations will be conducted at the 
frequency recommended by the manufacturer. Personnel performing instrument 
calibrations/standardizations shall be trained in its proper operation and calibration. Records of 
instrument calibration/standardization will be maintained in the project files.  

4.6 EQUIPMENT DECONTAMINATION PROCEDURES  

Documented decontamination will be performed to prevent cross-contamination. 
Decontamination fluids will be containerized, if required, and disposed of in accordance with COF 
waste disposal policies. If collection and containerization of decontamination fluids is required, 
decontamination pads will be constructed at locations designated by TVA personnel using poly 
sheeting with sufficient berms to contain decontamination fluids and prevent potential runoff to 
uncontrolled areas. Following decontamination, fluids will be pumped into a drum for storage and 
transportation, and, ultimately, disposal in accordance with COF waste disposal policies. 
Decontamination will be performed away from surface water bodies and areas of potential 
impacts. Decontamination of non-disposable sampling equipment or instruments can be 
performed using water and Liquinox® and/or other appropriate non-phosphatic detergent in 
five-gallon buckets. Decontamination of sampling equipment and instruments (e.g., water level 
meters, pumps for well development, etc.) will be performed before use and between sampling 
locations. Decontamination will be documented in the logbook field notes. 

4.7 QUALITY CONTROL AND QUALITY ASSURANCE 

The accuracy of the water level measurements and groundwater sampling will be maintained 
during each sampling event throughout the program. Field personnel will be responsible for 
performing checks to confirm that the procedures in the GWMP have been followed. This will 
consist of completing applicable field forms and documentation of field activities.  

Field quality assurance and quality control (QA/QC) samples will be collected during sampling: 
field-duplicate samples, matrix-spike/matrix-spike-duplicate (MS/MSD) samples, equipment 
blanks, and field blanks. Filter blanks and tubing blanks will be collected if required.  

Criteria for the number and type of QA/QC samples to be collected for each analytical 
parameter are specified below.  

Duplicate Samples—One duplicate sample will be collected for every 20 groundwater samples, 
or once per sampling event. Duplicate samples will be prepared as blind duplicates and will be 
collected in two sets of identical, laboratory-prepared sample bottles. Sample bottles will be filled 
in one-third increments across the duplicate-sample containers. The primary and duplicate 
samples will be labeled according to standard procedure (i.e., sample identifier information will 
not be used to identify duplicated samples. Actual sample identifiers for duplicate samples will be 
noted in the field logbook. The duplicate sample will be analyzed for the same parameters as the 
primary sample. 
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MS/MSD Samples—A sufficient volume of groundwater will be collected for use as the MS/MSD. 
MS/MSD sample containers will be filled in one-third increments across the triplicate-sample 
containers. MS/MSD samples will be collected to allow matrix-spike samples to be run by the 
laboratory to assess the effects of matrix on the accuracy and precision of the analyses. One 
MS/MSD sample will be analyzed for every 20 groundwater samples collected or once per 
sampling event. Additional sample volume intended for use as the MS/MSD must be identified in 
the comments field on the chain-of-custody records and sample labels. The location of sample 
collection will be noted in the logbook. The MS/MSD sample will be analyzed for the same analytes 
as the primary sample, except for parameters that are not amenable to MS/MSD. A laboratory 
duplicate (LD) will be performed for analytes that are not amenable to spiking.  

Equipment Blanks (Rinsate Blanks)—One equipment (rinsate) blank will be collected for each 
sampling event. The equipment blank will be collected at a groundwater sampling location by 
pouring laboratory-provided deionized water into or over the decontaminated sampling 
equipment (e.g., a decontaminated water level meter), then into the appropriate sample 
containers. The time and location of collecting the equipment blank will be noted in the logbook. 
The sample will be analyzed for the same analytes as the sample collected from the monitoring 
well location where the equipment blank is prepared except for pH.  

Field Blanks—Each sample team will prepare one field-blank sample per day per team using 
laboratory-supplied deionized water. Field blanks will be prepared in the field by pouring 
laboratory-supplied deionized water into sample containers. The field blanks will be preserved, 
packaged, and sealed in the manner used for environmental samples. The blanks will be labeled 
in accordance with standard procedure and shipped to the analytical laboratory with the 
investigative samples. The sample will be analyzed for the same analytes as the groundwater 
samples and equipment blanks. 

Filter Blanks (if required) —Filter blanks will be collected at a frequency of one per event and one 
per lot number of filters used when dissolved parameters are collected for analysis. The filter blank 
will be collected at a groundwater sampling location by passing laboratory-supplied deionized 
water through an unused disposable in-line filter of the same brand and lot as used in the 
collection of dissolved metals (or other analytes) and collecting the filtered water into the 
appropriate sample containers. The time and location of collecting the filter blank will be noted 
in the daily field notes. The sample will be analyzed for the same dissolved analytes as the sample 
collected from the location where the filter blank is prepared. 

Tubing Blanks (if required) —At least one tubing blank will be collected during each groundwater 
sampling or surface water event when non-certified clean or non-dedicated tubing is used for 
sample collection or when dedicated tubing from the monitoring well is replaced. The tubing 
blank will be collected at a groundwater sampling location by passing laboratory-supplied 
deionized water through sample tubing used. The time and location of collecting the tubing blank 
will be noted in the logbook. The sample will be analyzed for the same analytes as the sample 
collected from the location where the tubing blank is prepared.  
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5.0 REPORTING 

5.1 Semiannual Reports 

In accordance with ADEM Admin. Code 335-13-15-.06(1)(f), a semiannual report will be prepared 
that coincides with each semiannual sampling event. Statistical evaluations of groundwater data 
will be conducted semiannually. The semiannual reports will provide the following at a minimum:  

 A scaled facility map showing the monitoring well locations. 

 A summary of any monitoring well installations or well decommissioning that occurred 
during the reporting period. 

 A summary of the sampling activities. 

 Tabular laboratory analytical groundwater data. 

 A conclusion section that summarizes the results of the groundwater sampling event and 
provides a discussion of results and sampling monitoring program transitions, if any. The 
conclusion shall also summarize constituents that exceed a Groundwater Protection 
Standard. 

5.2 Annual Report  

In accordance with ADEM Admin. Code 335-13-15-.06(1)(e), an annual groundwater and 
corrective action report will be prepared and submitted no later than January 31 of the following 
year. Statistical evaluations of the groundwater data will be conducted semiannually, and 
background threshold values will be developed at least every five years. See Section 6 below for 
further details. 

The annual report will include the following:  

 A summary of the status of the groundwater monitoring and corrective action program 
including key actions completed, problems encountered and resolutions, and key 
activities for the upcoming year. 

 A scaled facility map showing the monitoring well locations. 

 A summary of any monitoring well installations or well decommissioning that occurred 
during the reporting period. 

 A summary of the sampling activities. 
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 Groundwater potentiometric maps to illustrate groundwater flow direction for each 
sampling event. 

 Estimated groundwater flow rate ranges. 

 Table summarizing depth-to-water measurements and groundwater elevations for each 
monitoring well. 

 Tabular groundwater sampling field parameter data. 

 Tabular laboratory analytical groundwater data. 

 The results of the statistical evaluation to identify if there has been a statistically significant 
increase above background values for naturally occurring parameters/constituents 
monitored. 

 An overview of the status of the groundwater monitoring and corrective action programs, 
including transitions between groundwater monitoring programs (detection versus 
assessment monitoring), identification of statistically significant increases for any 
constituents, details related to the assessment of corrective measures and remedy 
selection activities. 

 A conclusion section that summarizes the results of the groundwater sampling event and 
provides a discussion of results and sampling monitoring program transitions, if any. The 
conclusion shall also summarize constituents that exceed a Groundwater Protection 
Standard. 

The following additional information will be provided to ADEM under separate cover: 

 Groundwater sampling field data sheets and chain of custodies. 

 Electronic pdf versions of the chain-of-custody (COC) forms and the analytical laboratory 
data reports. 

 Quality assurance and quality control (QA/QC) documentation. 
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6.0 STATISTICAL EVALUATION 

A statistical methods certification for compliance with the EPA CCR Rule (40 CFR §257.93) for Ash 
Disposal Area 4 is provided in Appendix C. This appendix describes the statistical methodology 
applicable to evaluating groundwater monitoring data at Ash Disposal Area 4 to support 
compliance with requirements outlined in Sections 257.93(f) and 257.93(g) of the EPA CCR Rule, 
thus meeting the requirements of the ADEM CCR Rule (ADEM Admin. Code r. 335-13-15). As such, 
Appendix C describes statistical methods applicable to detection monitoring, assessment 
monitoring, and corrective action at Ash Disposal Area 4.  

For detection monitoring, a prediction limits method is described that is consistent with 
method/paragraph (3) of Section 257.93(f). For assessment monitoring and corrective action, a 
confidence interval or confidence band method is described that is also justified under 
method/paragraph (5) of Section 257.93(f), namely “Another statistical method that meets the 
performance standards of paragraph (g) of this section.”  

Statistical methods that will be applied to establish site-specific background threshold values are 
also described in Appendix C.  
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7.0 WELL INSTALLATION AND ABANDONMENT PROCEDURES 

The following sections describe all monitoring well installation and abandonment procedures at 
Ash Disposal Area 4 during the permit period.  

7.1 NEW MONITORING WELL INSTALLATIONS 

Prior to drilling, utility clearances, National Environmental Policy Act (NEPA) evaluations, and 
approvals/permits will be obtained in accordance with site-specific protocols and local 
requirements. For bedrock wells, downhole geophysical investigations will be required to identify 
preferential flow paths in the area that are desirable for bedrock well installation. 

Borings in unconsolidated geologic materials (e.g., alluvium) will be installed using hollow-stem 
auger (HSA) techniques (ASTM D6151), or by rotosonic drilling (or equivalent). Continuous soil 
sampling will be performed using either Standard Penetration Test (SPT) sampling (HSA drilling 
technique) or continuous coring (rotosonic drilling technique) to allow for visual logging of the soil 
intervals encountered. Drilling methods and well construction methods/materials may be 
modified if deemed necessary due to site conditions.  

In the event that additional wells are warranted in the alluvial aquifer, groundwater monitoring 
wells will be constructed using 4-inch diameter Schedule 40 Polyvinyl Chloride (PVC) well casing 
and screens with 0.010-inch machined slots, and 20-40 sand filter pack, or equivalent. The screen 
and riser will consist of flush-joint, threaded PVC pipe. The screen lengths will be selected based 
on the lithology that is encountered, including the thickness of the aquifer interval, but 10-foot-
long screens are anticipated. Approximately 0.5-feet of sand will be placed in the bottom of the 
boring as a foundation for the PVC screen and riser. A sand filter pack will be placed in the PVC-
boring annular space from bottom of boring to approximately 2 feet above the screen. A 2-foot-
thick bentonite seal placed on top of the sand filter pack will be hydrated with potable water in 
accordance with manufacturers recommendations. The PVC riser for the monitoring wells will 
extend above (2.5 feet minimum) the ground surface and will be capped with a temporary plug 
or slip cap. This riser will be protected by an above-grade, steel, locking protective cover 
anchored to a concrete surface pad.  

Borings for bedrock monitoring wells will be advanced using rotosonic or air hammer drilling 
techniques until 3 to 5 feet of competent bedrock is encountered. Once 3 to 5 feet of bedrock is 
encountered, a flush-threaded Schedule 40 PVC surface casing will be installed and seated by 
installing cement-bentonite grout in the borehole-casing annular space. The purpose of the 
surface casing is to isolate the bedrock from the overburden and to direct drilling fluid and cuttings 
to the surface that are generated as the boring is advanced into bedrock.  

After the surface casing grout has cured for a minimum of 24-hours, the boring for the monitoring 
well installation will be advanced into bedrock using either rotosonic or air rotary drilling 
techniques to the target termination depth. A target termination depth for bedrock wells will be 
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selected based on results of the conceptual site model. The actual termination depth may vary 
from the target termination depth depending on conditions encountered as the boring is 
advanced. The bedrock wells will be completed as an open hole. 

The field geologist will prepare a written field log for each boring that includes descriptions of 
recovered soil samples in general accordance with the Unified Soil Classification System (USCS), 
ASTM D2488, and the Munsell Soil Color Book. Descriptions of recovered rock core samples will be 
logged in general accordance with the Midwest Geosciences Group Field Guide for Rock Core 
Logging and Fracture Analysis. Each boring log will include the boring location, drilling personnel, 
tooling/equipment used, drilling performance and response, depth at which groundwater is 
encountered, sample numbers, sample recovery, SPT blow counts (in the unconsolidated 
geologic materials only), and other relevant observations.  

New monitoring wells will not be developed until at least 24 hours after installation. Development 
of new monitoring wells will be performed using a combination of surging and either bailing or 
pumping to remove residual materials (fines) remaining in the well after installation and to re-
establish the natural flow conditions of the formation that may have been disturbed by the drilling 
process. Development will continue until the column of water in the well is free of visible sediment 
and the pH, temperature, turbidity, and specific conductance have stabilized in accordance with 
ADEM guidance (ADEM 2017).  

The monitoring wells will be completed with concrete pads (approximately 6-inches thick) 
surrounding the well (i.e., 3 ft x 3 ft x 0.5 ft) and sloping away from the well. Each well will be 
capped and enclosed in a lockable above-ground metal protective cover with weep holes to 
prevent build-up of water within the protective casing. Wells located in areas with potential traffic 
will have a minimum of three surface protection bumper guards (bollards) installed. All wells will 
have identification including the well identification number, total depth, and installation date.  

Once construction of the monitoring wells is completed, newly installed wells will be surveyed for 
horizontal and vertical control by a licensed surveyor relative to the Alabama State Plane 
coordinate system and NGVD29. The survey data will be added to the final well construction logs 
once available.  

7.2 MONITORING WELL ABANDONMENT 

If a permitted monitoring well should be abandoned, the abandonment procedures will be 
followed in accordance with ADEM Admin Code r. 335-13-15-.06(2)(g) and 335-13-4-.27(2)(e). The 
objectives of abandoning a well are to: 1) eliminate physical hazards; 2) prevent groundwater 
contamination; 3) conserve aquifer head and hydrostatic head; and 4) prevent intermixing of 
subsurface water. The purpose of sealing an abandoned well is to prevent further disturbance to 
the pre-existing hydrogeologic conditions that exist within the subsurface. The sealing plug shall 
prevent the vertical movement within the borehole and confine water to the original zone of 
occurrence.  
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A notification letter and abandonment plan will be sent to ADEM with the name of each well to 
be abandoned. Abandonment will be performed in accordance with the following procedures 
unless field conditions warrant a modified approach. Approval will be received from ADEM prior 
to implementing abandonment of any well.  

The actual total depth of each well to be abandoned will be measured and compared to as-
built records to verify there are no obstructions that may interfere with the sealing operations.  

Where possible wells will be completely filled with neat cement-bentonite grout. If the well cannot 
be completely filled with grout, the sealing material for the top 20-feet will be a neat cement-
bentonite grout and no material that could impart taste, odor, or toxic components to water 
may be used in the sealing process.  

Tremie grouting will be performed from the bottom of the well or from a plug set within casing or 
competent borehole, upwards with a cement-bentonite grout as primary sealing material, 
defined as a mixture of not more than 8.3 gallons of clear, potable water, 5-pounds of sodium-
based bentonite to one 94-pound bag of Portland cement. All water used for the mixing of grout 
shall be of potable quality. The grout shall be pumped through a tremie pipe installed in the well 
in one continuous operation from the well bottom (or top of plug) to the top of the well. The 
tremie pipe shall be slowly raised as the grout is being placed, keeping the discharge end of the 
pipe always submerged in the grout until sealing of the well is complete. The grout mixture shall 
be brought up to ground level to displace all water and materials in the well.  

The driller shall return to the well no sooner than 24 hours nor no later than 72 hours to inspect the 
well for grout settlement and implement activities to top off the well with additional grout. 
Regrouting of a well by the tremie pressure method is acceptable and shall be performed if the 
settlement of the grout was more than 10 feet bgs. Settling of less than 10 feet can be addressed 
by the emplacement of properly hydrated sodium-based bentonite chips or pellets. Additionally, 
a concrete seal may be placed at the ground surface, or the top two feet of the borehole will 
be poured with concrete, to insure a secure surface seal (plug).  

Records of well abandonment activities will be kept for each well abandoned. The records will 
include the date(s) the well was abandoned, the property owner’s name and address, the facility 
and location information where the well was located, local well identification number 
(COF-111BR), the as built total well depth, the static water level, the well depth measured at the 
start of abandonment, well diameter, and surface casing material (PVC), the method (pressure 
tremie), description of the type and amount of materials used to abandon the well, the depth or 
intervals in which each abandonment material was placed, the licensed drilling company name 
and address, the name and either the license or registration number of the driller who abandoned 
the well, and any changes to the planned abandonment process. A copy of these records will 
be provided to ADEM, and a copy placed in the operating record.  
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7.3 MONITORING WELL DOCUMENTATION 

Pursuant to ADEM Admin Code r. 335-13-15-.06(2)(e)4), TVA will document and include in the 
operating record the design, installation, development, and decommissioning of any monitoring 
wells associated with Ash Disposal Area 4. 
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8.0 RECORD KEEPING 

TVA will maintain its publicly accessible internet site to include information for Ash Disposal Area 4 
required by the EPA and ADEM CCR Rule to be posted on the site, and the information posted to 
this website will be made available to the public for at least five years following the date the 
information was first posted to the website. 
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APPENDIX A 
Groundwater Elevation Maps (2020 to 2021) – Alluvial and 

Bedrock Aquifer 
  



Table A‐1
Ash Disposal Area 4 
Groundwater Elevation Map Index
TVA Colbert Fossil Plant, Tuscumbia, Alabama

Figure Number Aquifer Date Report Reference Page 
No.

A-1 Alluvial February 27, 2020 1

A-2 Alluvial August 10, 2020 2

A-3 Alluvial February 22, 2021 3

A-4 Alluvial August 23, 2021 4

A-5 Bedrock February 27, 2020 5

A-6 Bedrock August 10, 2020 6

A-7 Bedrock February 22, 2021 7

A-8 Bedrock August 23, 2021 8

2021 First Amended Consent 
Decree Annual Groundwater 

Monitoring and Corrective Action 
Report , January 31, 2022

2020 First Amended Consent 
Decree Annual Groundwater 

Monitoring and Corrective Action 
Report , January 29, 2021

2021 First Amended Consent 
Decree Annual Groundwater 

Monitoring and Corrective Action 
Report , January 31, 2022

2020 First Amended Consent 
Decree Annual Groundwater 

Monitoring and Corrective Action 
Report , January 29, 2021
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GROUNDWATER ELEVATION MAP -
ALLUVIAL AQUIFER / RESIDUUM
(AUGUST 23, 2021)

A-4

N

LEGEND
BEDROCK MONITORING WELL LOCATION
ALLUVIUM MONITORING WELL LOCATION
RESIDUUM MONITORING WELL LOCATION

416.65

APPROXIMATE GROUNDWATER
FLOW DIRECTION

GROUNDWATER ELEVATION (FT NGVD 29)

GROUNDWATER ELEVATION
 CONTOUR (FT NGVD 29)

TVA PROPERTY BOUNDARY

Tennessee Valley Authority
Colbert Fossil Plant

NOT MONITOREDNM
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172607623

GROUNDWATER ELEVATION MAP -
TUSCUMBIA LIMESTONE BEDROCK
AQUIFER
(FEBRUARY 27, 2020)

A-5

N

LEGEND
BEDROCK MONITORING WELL LOCATION
ALLUVIUM MONITORING WELL LOCATION
RESIDUUM MONITORING WELL LOCATION

418.20

APPROXIMATE GROUNDWATER
FLOW DIRECTION

GROUNDWATER ELEVATION (FT NGVD 29)

GROUNDWATER ELEVATION
 CONTOUR (FT NGVD 29)

Tennessee Valley Authority
Colbert Fossil Plant

NOTES
*  WELLS CA22B AND CA29BR WERE EXCLUDED FROM THE GROUNDWATER
    ELEVATION CONTOURING BECAUSE THESE WELLS ARE POORLY CONNECTED
    TO SITE WIDE GROUNDWATER FLOW SYSTEM.
1. ANISOTROPIC CONDITIONS GOVERN GROUNDWATER FLOW IN THE TUSCUMBIA
    LIMESTONE BEDROCK; THEREFORE, THIS GROUNDWATER ELEVATION MAP
    SHOULD BE USED TO GAIN A GENERAL SENSE OF GROUNDWATER FLOW
    DIRECTION.  IT IS NOT CONSIDERED TO BE AN INTERPRETATION OF THE
    BEDROCK PIEZOMETRIC SURFACE UNDERLYING THE SITE.

TVA PROPERTY BOUNDARY
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172607623

GROUNDWATER ELEVATION MAP -
TUSCUMBIA LIMESTONE BEDROCK
AQUIFER
(AUGUST 10, 2020)

A-6

N

LEGEND
BEDROCK MONITORING WELL LOCATION
ALLUVIUM MONITORING WELL LOCATION
RESIDUUM MONITORING WELL LOCATION

414.68

APPROXIMATE GROUNDWATER
FLOW DIRECTION

GROUNDWATER ELEVATION (FT NGVD 29)

GROUNDWATER ELEVATION
 CONTOUR (FT NGVD 29)

Tennessee Valley Authority
Colbert Fossil Plant

NOTES
*  WELLS CA22B AND CA29BR WERE EXCLUDED FROM THE GROUNDWATER
    ELEVATION CONTOURING BECAUSE THESE WELLS ARE POORLY CONNECTED
    TO SITE WIDE GROUNDWATER FLOW SYSTEM.

1. ANISOTROPIC CONDITIONS GOVERN GROUNDWATER FLOW IN THE TUSCUMBIA
    LIMESTONE BEDROCK; THEREFORE, THIS GROUNDWATER ELEVATION MAP
    SHOULD BE USED TO GAIN A GENERAL SENSE OF GROUNDWATER FLOW
    DIRECTION.  IT IS NOT CONSIDERED TO BE AN INTERPRETATION OF THE
    BEDROCK PIEZOMETRIC SURFACE UNDERLYING THE SITE.

TVA PROPERTY BOUNDARY

ELEVATION NOT USED IN CONTOURING
I-SITE DATA

*
**

** THE WELL CA34BR GROUNDWATER ELEVATION IS DERIVED FROM iSITE DATA
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172607623

GROUNDWATER ELEVATION MAP -
TUSCUMBIA LIMESTONE BEDROCK
AQUIFER
(FEBRUARY 22, 2021)

A-7

N

LEGEND
BEDROCK MONITORING WELL LOCATION
ALLUVIUM MONITORING WELL LOCATION
RESIDUUM MONITORING WELL LOCATION

419.18

APPROXIMATE GROUNDWATER
FLOW DIRECTION

GROUNDWATER ELEVATION (FT NGVD 29)

GROUNDWATER ELEVATION
 CONTOUR (FT NGVD 29)

Tennessee Valley Authority
Colbert Fossil Plant

NOTES
*  WELLS CA22B AND CA29BR WERE EXCLUDED FROM THE GROUNDWATER
    ELEVATION CONTOURING BECAUSE THESE WELLS ARE POORLY CONNECTED
    TO SITE WIDE GROUNDWATER FLOW SYSTEM.

1. ANISOTROPIC CONDITIONS GOVERN GROUNDWATER FLOW IN THE TUSCUMBIA
    LIMESTONE BEDROCK; THEREFORE, THIS GROUNDWATER ELEVATION MAP
    SHOULD BE USED TO GAIN A GENERAL SENSE OF GROUNDWATER FLOW
    DIRECTION.  IT IS NOT CONSIDERED TO BE AN INTERPRETATION OF THE
    BEDROCK PIEZOMETRIC SURFACE UNDERLYING THE SITE.

TVA PROPERTY BOUNDARY

ELEVATION NOT USED IN CONTOURING
I-SITE DATA

*
**
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172607623

GROUNDWATER ELEVATION MAP -
TUSCUMBIA LIMESTONE BEDROCK
AQUIFER
(AUGUST 23, 2021)

A-8

N

LEGEND
BEDROCK MONITORING WELL LOCATION
ALLUVIUM MONITORING WELL LOCATION
RESIDUUM MONITORING WELL LOCATION

415.84

APPROXIMATE GROUNDWATER
FLOW DIRECTION

GROUNDWATER ELEVATION (FT NGVD 29)

GROUNDWATER ELEVATION
 CONTOUR (FT NGVD 29)

Tennessee Valley Authority
Colbert Fossil Plant

NOTES
*  WELLS CA22B AND CA29BR WERE EXCLUDED FROM THE GROUNDWATER
    ELEVATION CONTOURING BECAUSE THESE WELLS ARE POORLY CONNECTED
    TO SITE WIDE GROUNDWATER FLOW SYSTEM.

1. ANISOTROPIC CONDITIONS GOVERN GROUNDWATER FLOW IN THE TUSCUMBIA
    LIMESTONE BEDROCK; THEREFORE, THIS GROUNDWATER ELEVATION MAP
    SHOULD BE USED TO GAIN A GENERAL SENSE OF GROUNDWATER FLOW
    DIRECTION.  IT IS NOT CONSIDERED TO BE AN INTERPRETATION OF THE
    BEDROCK PIEZOMETRIC SURFACE UNDERLYING THE SITE.

TVA PROPERTY BOUNDARY

ELEVATION NOT USED IN CONTOURING*
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APPENDIX B 
Ash Disposal Area 4 Boring and Well Construction Logs 

 
 

  



Table B-1
Ash Disposal Area 4 Monitoring Well Specifications 
TVA Colbert Fossil Plant, Tuscumbia, Alabama

CA5 Alluvium Background 5.9 11.5 NA 11.5 3.8 428.56 425.6 419.7 414.1 414.1
CA6 Bedrock Background NA NA 14.6 96.6 4.0 428.22 424.4 "409.8" "327.8" 327.8

COF-116BR Bedrock Background NA NA 18.0 95.0 7.25 427.26 423.7 "405.7" "328.7" 328.7
CA17B Bedrock Downgradient NA NA 18.8 95.4 4.0 439.71 436.2 "417.4" "340.8" 340.8
CA30B Bedrock Downgradient 31.3 51.1 NA 52.0 2.0 442.57 439.1 407.8 388.0 387.1

COF-102 Alluvium Downgradient 6.0 10.8 NA 10.9 4.0 426.27 421.9 415.9 411.1 411.0
COF-104 Alluvium Downgradient 6.7 11.6 NA 11.6 4.0 423.74 419.4 412.7 407.8 407.8
COF-105 Alluvium Downgradient 8.8 13.8 NA 13.8 4.0 426.83 422.7 413.9 408.9 408.9
COF-108 Alluvium Downgradient 28.7 38.6 NA 39.0 2.0 429.36 425.8 397.1 387.2 386.8
COF-111 Alluvium Downgradient 9.0 19.0 NA 19.0 4.0 425.32 421.9 412.9 402.9 402.9

COF-111BR Bedrock Downgradient NA NA 76.0 126.0 7.25 425.38 421.9 "345.9" "295.99" 295.9
COF-112BR Bedrock Downgradient NA NA 32.0 110.0 7.25 448.59 445.1 "413.1" "335.1" 335.1
COF-113BR Bedrock Cross-Gradient NA NA 21.0 100.0 7.25 438.98 435.5 "414.5" "335.5" 335.5
COF-114BR Bedrock Cross-Gradient NA NA 20.0 120.0 7.25 429.18 429.5 "409.5" "309.5" 309.5

MC1 Bedrock Upgradient NA NA 29.3 73.6 4.0 446.86 443.0 "413.7" "369.4" 369.4
MC4 Residuum Upgradient 9.7 24.6 NA 26.5 4.0 447.21 443.0 433.3 418.4 416.5

MC5A Residuum Upgradient 8.5 23.4 NA 23.4 2.0 444.20 440.1 431.6 416.7 416.7
MC5C Bedrock Upgradient 142.5 152.1 NA 154.1 2.0 442.67 440.6 298.1 288.5 286.5

NOTES:
ft: feet
ft bgs: feet below ground surface
NA: not applicable

Bottom of Screen
or "Bottom of Open 

Hole"
(ft NGVD 29)

Well 
Inside 

Diameter
(in)

Screened 
FormationWell ID

Top of 
Casing 

Elevation
 (ft NGVD 29)

Monitoring 
Well Location 

Relative to 
CCR Unit AP4

Top of 
Screen
(ft bgs)

Bottom of 
Screen
(ft bgs)

Bottom of Open 
Hole Surface 

Casing 
(ft bgs)

Well Depth
(ft bgs)

Bottom of Well 
Elevation

(ft NGVD 29)

Ground 
Surface 

Elevation
 (ft NGVD 29)

Top of Screen
or "Top of 

Open Hole"
(ft NGVD 29)

 1 of 1



Table B‐2
Ash Disposal Area 4 Monitoring Well Index 
TVA Colbert Fossil Plant, Tuscumbia, Alabama

Monitoring Well 
Number

Well Diagram 
Designation

Boring Log 
Designation Page No.

CA5 5 CA5 1
CA6 6 CA6 3

CA17B 17B CA17B 5
CA30B CA30B CA30B 7

COF-102 507B-1/COF-
102 507B 8

COF-104 514B/COF-104 514B/COF-104 11

COF-105 514D/COF-105 514D/COF-105 12

COF-108 505A-12/COF-
108 505A/505A-01 13

COF-111 COF-111 COF-111 18
COF-111BR COF-111BR COF-111BR 20
COF-112BR COF-112BR COF-112BR 21
COF-113BR COF-113BR COF-113BR 22
COF-114BR COF-114BR COF-114BR 23
COF-116BR COF-116BR COF-116BR 24

MC1 MC1 MC-1 25
MC4 MC-4 MC-4 27

MC5A MC-5A MC-5A 28
MC5C MC-5C MC-5C 30



MONITORING WELL INSTALLATION RECORD 

PROJECT COLBERT 

WELL NUMBER __ __::5'-----------

PLANT COORDINATES EAST _ _:_44..:...:1:.-=6=.6:.....:F:.....:T __ 

GROUND SURFACE ELEVATION 424.9 FT·MSL 

GRANULAR BACKFILL MATERIAL SAND/GRAVEL 

CASING MATERIAL ---=-SC=-H:....:....::S=-0-=-P-=-V=-C ____ _ 

DRILLING TECHNIQUE __ .::..cA:..::.U-=-G=ER:_:__ ___ _ 

BOREHOLE DIAMETER ___ 12_" _____ _ 

LOCKABLECOVER? ___ Y_ES _______ _ 

INSTALLATION DATE ___ .....:1c..::.9-=-82=-------

NORTH -4019.2 FT 

TOP OF INNER CASING 427.2 FTMSL 

SLOT SIZE--------------

CASING DIAMETER ___ 4_" ______ _ 

DRILLING CONTRACTOR 

FIELD REPRESENTATIVE ________ _ 

FILTER CLOTH AROUND SCREEN? -----

DRILLING FLUID-----------------------------

COMMENTS 

(NOT TO SCALE) 

DEPTH TO TOP OF 

BENTONITE SEAL_5_'_ 

DEPTH TO TOP OF 

GRANULAR MATERIAL 6' 

ENG LAB 3/23/f» 

GROUT 

BENTONITE 

GRANULAR 

BACKFILL 

TOP OF ROCK 

D\12.3" 

LOCKABLE COVER 

2.3' 

STICKUP 

LENGTH OF 

SOUD SECTION 

6' 

LENGTH OF 
SLOTTED SECTION 

5' 

LENGTH OF 
TAILPIPE 

1' 

GROUND SURFACE 

TOTAL DEPTH 

OF WELL 

12' 

STABILIZED WATER 

LEVEL 

BELOW GROUND 

SURFACE 

MEASURED ON 

1



Tennessee Valley Authority 

X -U) 
X 
0 
-l m 

e a. 
.9: 
0 -u. 

> (;; 
W E 
-l I 
w .§ 

PROJECT Colbert Fossil Plant 

LOCATION Tuscumbia, AL 

DRILL RIG Hollow Stem Auger 

£ U) U) w -l 
:I: -l 0 
t- ~ m 
~ X X 
w "" >-0 U) U) 

5-

0 0 
0 

0 0 
0 

0 0 
0 

0 0 
0 

0 0 

LOGGER/ENGINEER Mink-Pedin-Hamillon 

WATER LEVEL (INITIAL) 3.8me ters 

LOG OF BORING Well CAS 

MATERIALS DESCRIPTION 

Gray sand 

I 

17 
Auger refusal Bottom of Hole 

-

DRILLING COMPANY __:L:..:a:.:.:w_- ..:.T:.::.ille:..:r..!..y _______ _ 

DATE DRILLED __.:1.:...:11,:::61:....:8:.::2 _________ _ 

SURFACE ELEVATION 129.57 melers- msl 

TOTAL DEPTH OF HOLE __:::3:.:..:.B:....:m.::..::e:..:.l:..:er..:.s ___ __ _ 

WATER LEVEL (24-HOUR) 3.57meters 

 

2



ROCK MONITORING WELL INSTALLATION RECORD 

PROJECT COLBERT 

WELL NUMBER -----=6'------------

PLANT COORDINATES EAST __ 4_43_1_.5_FT ___ _ 

GROUND SURFACE ELEVATION 424.7 FT MSL 

BACKFILL MATERIAL 

CASING MATERIAL 

ONSITE MATERIAL 

SCH40 PVC 

DRILLING TECHNIQUE IN SOIL ______ _ 

OUTER BOREHOLE DIAMETER_6"-"-----

LOCKABLE COVER ? 

DRILLING FLUID 

COMMENTS 

(NOT TO SCALE) 

VENTED CAP 

WELL PROTECTOR 

DEPTH TO TOP OF 11.2 ' 
ROCK 

TOP OF ROCK 

OPEN BOREHOLE m GROUT 

ENG LAB 3/22/89 

INSTALLATION DATE 10/14/82 

NORTH -~~~9~9~5~.4~FT~----------

TOP OF INNER CASING _ __;4=2,_,7_,_.1,_,__FT-'---'-"M=S=L'-----

CASING DIAMETER 4" 

DRILLING TECHNIQUE IN ROCK _____ _ 

DRILLING CONTRACTOR __ _,TVc..:..:....:A'-------

OPEN BOREHOLE DIAMETER 

FIELD REPRESENTATIVE 

LOCKABLE COVER 

4" 

GROUND SURFACE 

STICKUP 

DEPTH OF 

CASING 

16.2' 

LENGTH OF 
OPEN BOREHOLE 

83' 

TOTAL DEPTH 
OF WELL 

98.8' 

STABILIZED WATER 
LEVEL __ 

BELOW GROUND 
SURFACE 

MEASURED ON --
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ROCK MONITORING WELL INSTALLATION RECORD 

PROJECT COLBERT 

WELL NUMBER CA17B 

PLANT COORDINATES EAST 766.90m 

GROUND SURFACE ELEVATION 132.82mmsl 

BACKFILL MATERIAL CEMENT GROUT 

CASING MATERIAL SCH40PVC 

DRILLING TECHNIQUE IN SOIL HOLLOW STEM AUGER 

OUTER BOREHOLE DIAMETER ----'-15c.:..;:.;.;m,;___ ___ _ 

LOCKABLE COVER 7 _....:..Y=ES=------,-----,.----

DRILLING FLUID 

COMMENTS 

(NOT TO SCALE) 

NONE 

LOW YIELD. 

VENTED CAP 

WELL PROTECTOR -

BOREHOLE-~ )< DEPTH TO TOP OF 
ROCK 5.30m 

15cmDIAM :><~ 

I><~ >)< TOP OF ROCK ~ 90 
~ ~ 

m GROUT 

GRANULAR 
BACKALL 

ENG LAB 3/22189 

10cm DIAM 

13cm OIAM 
BOREHOLE-)< 

OPEN BOREHOLE 

INSTALLATION DATE APRIL-MAY 1986 

NORTH -506.16m 

TOP OF INNER CASING 133.16mmsl 

CASING DIAMETER 10cm 

DRILLING TECHNIQUE IN ROCK PERCUSSION 

DRILLING CONTRACTOR _ TV.:....;.;..A.:.__ ______ _ 

OPEN BOREHOLE DIAMETER _ _ 10c_m _ ___ _ 

FIELD REPRESENTATIVE HAL ROBINSON 

J LOCKABLE COVER 

GROUND SURFACE \ 

0.34m \ STICKUP 

DEPTH OF. 
CASING 

6.55m 

LENGTH OF 
OPEN BOREHOLE 

23.26m 

TOTAL DEPTH 
OF WELL 

29.81m 

STABIUZED WATER 
LEVEL~ 

BELOW GROUND 
SURFACE 

MEASURED ON 5/23/86 

152 
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ROCK MONITORING WELL INSTALLATION RECORD 

PROJECT COLBERT 

WELLNUMBER --~17~B~------------------

PLANT COORDINATES EAST 2516.2 FT 

GROUND SURFACE ELEVATION 435.2 FT MSL 

BACKFILL MATERIAL CEMENT GROUT 

CASING MATERIAL SCH40PVC 

INSTALLATION DATE 

NORTH -1660.7 FT 

APRIL-MAY 1986 

TOP OF INNER CASING 436.9 FT MSL 

CASING DIAMETER __ 4_" ________________ __ 

DRILLING TECHNIQUE IN ROCK PERCUSSION 

DRILLING TECHNIQUE IN SOIL HOLLOW STEM AUGER DRILLING CONTRACTOR ____:TV:....:..:...:A,____ __________ _ 

OUTER BOREHOLE DIAMETER ___ 6"--"---------- OPEN BOREHOLE DIAMETER 4" 

LOCKABLE COVER ? 

DRILLING FLUID 

COMMENTS 

(NOT TO SCALE) 

YES 

NONE 

VENTED CAP 

FIELD REPRESENTATIVE HAL ROBINSON 

GROUND SURFACE \ 

STICKUP 
WELL PROTECTOR - ___ll_ \ 

~ 
~ • DEPTHTOTOPOF 17.4' 

ROCK 

~ q j~ 

:::::::::::::::::::::::} 

TOPOFROCK ~ 

----"·----~···"-;;···-";···~··· w w 
>)0< w 
>)0< w 
>)0< w 
>)0< w ., 

L..X...;"-Xf------fl<....X....XJ J 

OPEN BOREHOLE m GROUT 

DEPTH OF 

CASING 

22.6' 

LENGTH OF 
OPEN BOREHOLE 

75.2' 

TOTAL DEPTH 
OF WELL 

97.8' 

STABILIZED WATER 
LEVEL_ur_ 
BELOW GROUND 
SURFACE 

MEASURED ON 5/23/86 

~ -------~.,------------,~---

ENG LAB 3/22/88 
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Offset. Refer to Boring Log 507B for soil description from 0.0'-12.5'

Bentonite plug (medium
chips from 0.0' to 4.5'
bgs)

4" Schedule 40 PVC pipe

4" Schedule 40 PVC
screen (0.010" slotted
from 7.0' to 12.0' bgs)

Sand pack (GP#2 from
4.5' to 12.5' bgs)

End of Boring at 12.5´ bgs

SAMPLES

N
um

be
r REMARKS AND

OTHER DETAILS

R
ec
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 %

D
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pe

MATERIAL  DESCRIPTION
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W
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ils

12.5 ft bgs

5/20/2016-5/23/2016
4.25" HSA, 10.25" HSA HQ diamond
bit

Drilling
Contractor

Checked
By

HSA

Borehole Backfill

Surface
Elevation

Sampling
Method(s) NA

Date(s)
Drilled

Drill Bit
Size/Type

Boring Location Toe of Ash Disposal Area 4 dike

Hammer
Data

Logged
By

4" monitoring well

Total Depth
of Borehole

N. Pagano

12.5' bgs during drilling

Drilling
Method

CME 550x Tri-State Drilling, LLC

C. Musial

Groundwater
Level(s)

NA

Drill Rig
Type 422.4 est. ft above msl
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Project Number:     60439420
Project Location:  Colbert Fossil Plant; Tuscumbia, AL
Project: COF Pond 4 CCR Drilling
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For lithologic information for well COF-102, refer to the 
following Boring 507B boring log.
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2
6
5
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2
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2
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2
3
3

50/1

14

100

100

100

SS-1

SS-2

SS-3

SS-4

SS-5

SS-6

SS-7

Run-1

Run-2

Run-3

Run-4

NM

NM

NM

1.0

0.75
0.5

0.25

0.25

Brown with black, silty SAND (SM), dry, soft, very fine to medium
grained

  grades with more silt

Brown with gray, clayey SILT (CL-ML), dry, soft, with trace very fine
to medium sand

  grades with medium to coarse sand, with chert fragments

Gray and orange, silty clayey SAND (SC-SM), moist, soft, medium
to coarse grained sand

  grades to gray

  sand appears to be crushed limestone
Gray to light gray, LIMESTONE, fossiliferous, macrocrystalline,
massive, no chert

  light gray

20.75'-21.25' - thin gray, seam along side

Abandoned with
portland/bentonite grout

13.0' PQ Casing set 1' into
rock

 65

 65

 65

 75

 100

 65

 100

 75

 98

 100

 100

SAMPLES

N
um

be
r REMARKS AND

OTHER DETAILS

R
ec
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er

y,
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D
ep
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Ty
pe

MATERIAL  DESCRIPTION
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ck
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33.2 ft bgs

5/20/2016-5/23/2016

3.25" HSA, HQ diamond bit

Drilling
Contractor

Checked
By

HSA, HQ

Borehole Backfill

Surface
Elevation

Sampling
Method(s) 140# 30" drop auto

Date(s)
Drilled

Drill Bit
Size/Type

Boring Location Toe of Ash Disposal Area 4 dike

Hammer
Data

Logged
By

Abandoned with
portland/bentonite grout

Total Depth
of Borehole

N. Pagano

12.5' bgs during drilling

Drilling
Method

CME 550x Tri-State Drilling, LLC

C. Musial

Groundwater
Level(s)

2' continous split-spoon/HQ

Drill Rig
Type 422.4 est. ft above msl
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Project Location:  Colbert Fossil Plant; Tuscumbia, AL
Project: COF Pond 4 CCR Drilling
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60Run-5

  hard, medium gray

  blue-gray, chert nodules, crystalline 97

End of Boring at 33.2´ bgs
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Project Number:     60439420
Project Location:  Colbert Fossil Plant; Tuscumbia, AL
Project: COF Pond 4 CCR Drilling
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5
8
8
4
3
2
1
1
1
3
5
4
3
2
2
3
0
0

50/1

SS-1

SS-2

SS-3

SS-4

SS-5

NA

0.25

0.0

NA

NA

Rip-Rap road sub base, toe of dike

Gray, fine to coarse limestone GRAVEL (GW), wet

Dark gray, silty CLAY (CL-ML), wet, with organic odor, some sand
Gray with orange mottling, sandy CLAY (CL-SP), wet, low plasticity
Gray, clayey SAND (SC), wet, fine grained, organic odor

   trace orange mottling, some black organic lenses, trace wood
fragments

   medium to coarse grained sand, trace brown fine sand, limestone
in shoe

Bentonite chips (medium
from 0.0' to 3.6'bgs)

4" Schedule 40 PVC pipe
Bentonite plug (3/8"
coated pellets from 3.6'
to 5.7' bgs)

Sand pack (GP#2 from
5.7' to 13.1' bgs)

4" Schedule 40 PVC
screen (0.010" slotted
from 7.9' to 12.9' bgs)

Splitspoon refusal at 13.1'
bgs Bottom of hole

 30

 60

 20

 80

 75

End of Boring at 13.1´ bgs

SAMPLES

N
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r REMARKS AND

OTHER DETAILS

R
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MATERIAL  DESCRIPTION
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13.1 ft bgs

7/7/2016

3.25" HSA, 8.25" HSA

Drilling
Contractor

Checked
By

HSA

Borehole Backfill

Surface
Elevation

Sampling
Method(s) 140# 30" drop auto

Date(s)
Drilled

Drill Bit
Size/Type

Boring Location Toe of Ash Disposal Area 4 dike

Hammer
Data

Logged
By

4" monitoring well

Total Depth
of Borehole

N. Pagano

4.0' bgs at 16:20 on 07/08/16

Drilling
Method

CME 550x Tri-State Drilling, LLC

P. Van Winkle

Groundwater
Level(s)

2' continous split-spoon

Drill Rig
Type 421.4 est. ft above msl
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Project: COF Pond 4 CCR Drilling
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1
2
1
1
0
1
1
1
0
2
2
2
2
3
5
5
2

50/2

SS-1

SS-2

SS-3

SS-4

SS-5

NA

NA

NA

NA

NA

Rip-Rap road sub-surface, toe of dike

Gray, sandy CLAY (SP-SC), wet, soft, with angular limestone
gravel
Brown, poorly graded, fine, silty SAND (SM), wet, loose

  grades to gray with brown mottling

Brownish-gray, sandy GRAVEL (GW-SW), wet, sub-rounded to
rounded, coarse, well graded
  gray, with some clay

Bentonite chips (medium
from 0.0' to 4.7'bgs)

Bentonite plug (3/8"
coated pellets from 4.7'
to 7.0' bgs)

4" Schedule 40 PVC pipe

4" Schedule 40 PVC
screen (0.010" slotted
from 9.1' to 14.1' bgs)

Sand Pack (GP#2 from
7.0' to 14.7' bgs)

 20

 90

 70

 55

 40

End of Boring at 14.7´ bgs

SAMPLES

N
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r REMARKS AND

OTHER DETAILS

R
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y,
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MATERIAL  DESCRIPTION
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14.7 ft bgs

7/8/2016

3.25" HSA, 8.25" HSA

Drilling
Contractor

Checked
By

HSA

Borehole Backfill

Surface
Elevation

Sampling
Method(s) 140# 30" drop auto

Date(s)
Drilled

Drill Bit
Size/Type

Boring Location Toe of Ash Disposal Area 4 dike

Hammer
Data

Logged
By

4" monitoring well

Total Depth
of Borehole

N. Pagano

8.35' bgs during drilling

Drilling
Method

CME 550x Tri-State Drilling, LLC

P. Van Winkle

Groundwater
Level(s)

2' continous split-spoon

Drill Rig
Type 421.9 est. ft above msl
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Project Number:     60439420
Project Location:  Colbert Fossil Plant; Tuscumbia, AL
Project: COF Pond 4 CCR Drilling
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For lithologic information for well COF-108, refer to the 

following Boring 505A and 505A-1 boring log.
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APPENDIX C 
Statistical Methods Certification 

 



Stantec Consulting Services, Inc. 
3157 Royal Drive Suite 250 
Alpharetta, GA US 30022-2487 

 

  

 
 

October 1, 2021 
File: 182603597 

Attention:  Tennessee Valley Authority  
Generation Construction Projects 
1101 Market Street 
Chattanooga, TN 37402 

Reference:  Statistical Methods Re-certification 
TVA CCR Rule and Groundwater Quality Monitoring Program 
Colbert Fossil Plant 
Ash Disposal Area 4 CCR Unit 
Tuscumbia, Colbert County, Alabama 
 

To Whom it May Concern: 

Stantec Consulting Services, Inc. (Stantec) has reviewed the Statistical Methods Certification for 
Compliance with the Final Coal Combustion Residuals Rule (40 CFR §257.93) prepared by Dr. Kirk 
Cameron, MacStat Consulting Ltd., for application at the above referenced facility and monitored unit.  
Based upon our review of this document, it is our opinion that, to the best of our knowledge, information, 
and belief: 

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

2. The information contained therein is accurate as of the date of my signature below. 

3. The selected statistical methods are appropriate for evaluating the groundwater monitoring data for 
the referenced coal combustion residuals (CCR) unit at the Colbert Fossil Plant in Tuscumbia, 
Colbert County, Alabama and that the reference methods meet the requirements described in 40 
CFR §257.93.  

  





Statistical Methods Certification for Compliance with 40§CFR 257.93 

 1 of 9 

Statistical Methods Certification 
for Compliance with the Final Coal Combustion Residuals 
Rule (40 CFR §257.93)  

Colbert Fossil Plant 
CCR Groundwater Monitoring Network: 
Ash Disposal Area 4 CCR Unit 
 

1. Introduction 

The U.S. Environmental Protection Agency’s (USEPA’s) final Coal Combustion Residuals (CCR) Rule 
establishes a comprehensive set of requirements for the management and disposal of coal ash in landfills 
and surface impoundments by electric utilities. The Tennessee Valley Authority (TVA) Colbert Fossil Plant 
(COF), located in Tuscumbia, Colbert County, Alabama, has a closed CCR surface impoundment (Ash 
Disposal Area 4 CCR Unit, also referred to as Ash Pond 4) that is subject to the CCR Rule. 

This report includes a summary of the statistical methodology selected for evaluating groundwater 
monitoring data at the above mentioned CCR unit and supports compliance with requirements outlined in 
Sections 257.93(f) and 257.93(g) of the CCR Rule. To develop the most appropriate methods to validate 
assumptions, evaluate groundwater data, and develop background concentrations, the statistical 
methodology is based on USEPA’s Unified Guidance (2009).  This Statistical Methods Certification will 
replace the prior version dated October 16, 2017, prepared by HDR (HDR, 2017). 

Groundwater monitoring activities commenced in December 2016 and, at the time of this report, TVA 
contractors obtained more than the minimally prescribed number of samples (i.e., “eight independent 
samples for each background and downgradient well”) to comply with the initial baseline requirements 
included in §257.90(b) of the CCR Rule. Detection monitoring was initiated in September 2017 and Ash 
Disposal Area 4 CCR Unit transitioned to assessment monitoring in July 2018.  

Regardless of the current status of the Ash Disposal Area 4 CCR Unit monitoring program, this Statistical 
Methods Certification describes statistical methods applicable to detection monitoring, assessment 
monitoring, and corrective action. The statistical method for evaluating groundwater data in detection 
monitoring described in Section 3 of this document – prediction limits – is consistent with 
method/paragraph (3) of Section 257.93(f), which includes a prediction interval procedure. In assessment 
monitoring or corrective action, the method described in Section 4 of this document — confidence 
intervals (and its variant confidence bands) — is consistent with Unified Guidance recommendations and 
is also justified under method/paragraph (5) of Section 257.93(f), namely “Another statistical method that 
meets the performance standards of paragraph (g) of this section.” 
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2. Development of Background 

2.1 Interwell vs. Intrawell 
When data from multiple upgradient, background wells are available, a determination will be made as to 
whether the upgradient data appear to come from the same population or whether there is evidence of 
statistically significant spatial variation at the facility. Data for each constituent will be plotted using box 
plots to assist in this determination, allowing concentrations within and across wells to be visualized. 
Analysis of Variance (ANOVA) will be utilized to statistically evaluate whether or not spatial variation is 
statistically significant. 

Conventionally, interwell statistical tests are used to evaluate whether compliance wells are consistent 
with, and in the expected range of, background. These tests are generally appropriate when there is no 
significant spatial variation at the site, and the natural groundwater gradient flows from the upgradient, 
background wells to the compliance locations. In the event of significant spatial variation among the 
background wells, it may be reasonable to assume similar variation among the compliance wells, 
independent of any groundwater contamination. Under such conditions, it may be difficult to make valid 
interwell comparisons between compliance wells and upgradient, background locations, since apparent 
differences may reflect natural spatial variability rather than evidence of groundwater contamination. 

As an alternative, USEPA’s Unified Guidance recommends switching from interwell methods to intrawell 
methods when it can be reasonably demonstrated that no pre-existing contamination from current 
practices or waste management at the regulated facility is present. More generally, intrawell methods may 
also be needed when there is insufficient data from upgradient background wells or when interwell 
methods will not adequately address the question of a change in groundwater quality at compliance 
locations. The latter can occur, for instance, when the uppermost aquifer underlying a site is 
discontinuous, or when compliance wells are screened in different hydrostratigraphic units. 

Intrawell tests compare the most recent sample(s) from a given well to historical measurements at the 
same well, rapidly detecting changes over time at a given location. When appropriate, intrawell methods 
remove the confounding factors of spatial variation in well-to-well concentration levels. In these cases, 
EPA recommends intrawell methods, such as intrawell prediction limits with retesting, as an acceptable 
alternative to interwell testing. 

The overarching goals in selecting either interwell or intrawell testing will be to: 

✤ Ensure that statistical comparisons will be adequately sensitive to detecting a facility release;  

✤ Ensure that data used in testing reflect current background conditions; and 

✤ Avoid confusing an impact caused by a release from the facility with a difference between wells 
caused by heterogeneous subsurface conditions. 

2.2 Background Screening 
Credible and adequate background data is the most important aspect to developing accurate and 
sensitive statistical limits. Standard parametric prediction and control chart limits for groundwater assume 



Statistical Methods Certification for Compliance with 40§CFR 257.93 

 3 of 9 

that the background data (1) are representative of current background conditions; (2) are statistically 
stable over time (i.e., not trending); (3) do not include (extreme) outliers; (4) include a sufficient number of 
samples to accurately estimate the variability in the underlying groundwater population, and thus be 
sensitive to a persistent change in groundwater concentrations; and (5) can be normalized, possibly via 
transformation. Non-parametric prediction limits — including rank-based and bootstrap methods — also 
rely on assumptions 1-4, but do not require that the data can be normalized (assumption 5). 

To test these assumptions, any proposed background data will be screened prior to constructing 
statistical limits. Time series plots and formal trend tests will be used to check stability. The statistical 
pattern of the data along with the history and hydrogeology of the site will be used to gauge how well the 
data mimic current background conditions. 

To handle potential outliers, one of two basic approaches will be utilized: (1) the standard method 
involves box plots and formal parametric outlier tests to identify, check for, and exclude any confirmed 
outliers, while (2) the robust method involves down-weighting of any potential outliers and the use of 
weighted, robust versions of standard statistical estimates (e.g., robust prediction limits) to curtail the 
influence of outlying values even when not formally excluded from the analysis. Robust methods have the 
advantage of bypassing sometimes uncertain judgments about whether specific observations are indeed 
outliers and can be adapted to cases where formal outlier testing is difficult, for instance, when the 
detection rate is low. 

If average background concentration levels are changing over time (i.e., trending), the prospective 
background data may need to be truncated, removing older data to ensure that the resulting limits 
continue to represent current natural conditions. Confirmed outliers will either be flagged and de-selected 
from prospective background data prior to establishing statistical limits or will be down-weighted using 
alternate techniques robust to the presence of possible outliers, as discussed above. Any values flagged 
as outliers will be summarized in periodic reporting. 

Probability plots and normality tests, adjusted for the presence of non-detects (Cameron, 2017), if any, 
will be used to identify and test best-fitting distributional models for the background data. If the data can 
be closely fit to a normal distribution (i.e., ‘normalized’) — possibly via mathematical transformation — 
then a parametric prediction limit or control chart will be constructed. If the data cannot be normalized, a 
nonparametric rank-based or bootstrap prediction limit will be constructed instead. Non-parametric 
methods will also be considered when the skewness and pattern of the background data result in 
unrealistic and likely inaccurate parametric estimates. 

The size of the background dataset impacts both the accuracy (false positive rate) and sensitivity 
(statistical power) associated with a prediction limit or control chart comparison. The CCR rule requires at 
least 8 baseline samples prior to the start of statistical analysis and evaluations, but often more 
background data is needed to meet EPA performance requirements for groundwater tests, especially at 
larger well networks. These requirements are discussed below (Section 3.1). 

2.3 Periodic Updating of Background 
Background data will be updated for interwell statistical limits by consolidating more recent sampling 
observations with historical background data at least every five years. Any new outliers in the combined 
background data will be either (1) flagged and removed, or (2) down-weighted prior to construction of 
statistical limits. This updating process will not only increase the background sample size but will also 
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reduce the incidence of false positives when using nonparametric prediction limits and increase the 
statistical power of parametric prediction or control chart limits. 

For intrawell statistical limits, a similar consolidation of the site-specific intrawell background data will be 
done after every four new sampling events, with a similar inspection for new outliers. Since subtle trends 
or changes in the intrawell background observations can additionally impact the accuracy and potential 
bias of the updated statistical limits, two-sample tests and trend tests of the current background vs. the 
new candidate background observations will be run to ensure the older and newer data are comparable 
and can be combined prior to any statistical update. If the enlarged background data pool shows a 
significant trend or a significant difference in the newer measurements, the intrawell background will be 
re-examined and reconfigured as necessary to ensure it reflects current, but uncontaminated, conditions 
at the well. 
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3. Detection Monitoring Tests 
Prediction limits are recommended by USEPA as a primary technique for detection monitoring. The 
detection monitoring methods described herein are in accordance with 40 CFR § 257.93(f)(3). Prediction 
limits are statistical thresholds estimated from background. If any new compliance observation exceeds 
the upper prediction limit, a potential statistical exceedance will be flagged. Retesting will then be 
conducted by collecting one or more independent resamples of the same well-constituent pair to confirm 
or disconfirm the initial exceedance. Any confirmed exceedance will be recorded as a statistically 
significant increase (SSI). 

To conduct retesting, the pass one-of-m method, as described in the Unified Guidance (Chapter 19), 
allows for an efficient plan to confirm or disconfirm a potential SSI over background identified during 
detection monitoring. Depending on the background sample size, the target site-wide false positive rate, 
and the available time period in which to collect independent resamples, either a 1-of-2 or 1-of-3 method 
will be used when retesting is needed. 

Under the CCR rule, prediction limit tests will initially be implemented for all detected Appendix III 
parameters. Note that one parameter, pH, will require both upper and lower prediction limits. In that case, 
a potential SSI will be flagged whenever a new compliance measurement is either less than the lower 
statistical limit or higher than the upper statistical limit. 

Parameters with all non-detects in background do not require formal testing but will be evaluated using 
USEPA’s Double Quantification Rule (DQR). The DQR assumes that a significant change in groundwater 
quality has occurred whenever two consecutive detections of a parameter are observed after no previous 
detections. It is similar in nature to a nonparametric prediction limit with a single retest (1-of-2). 

3.1 Statistical Performance Requirements 
The Unified Guidance recommends two general criteria when designing a statistical detection monitoring 
program in order to meet Resource, Conservation and Recovery Act (RCRA) (and, by reference, the CCR 
Rule) statistical performance requirements: (1) an annual site-wide false positive rate (SWFPR) of no 
more than 10%, and (2) statistical power of a site’s ‘weakest’ test greater than or equal to the minimum 
benchmark power represented by the EPA reference power curves. 

The first criterion informs the accuracy of statistical testing, limiting the occurrence of spurious (false) 
SSIs. The second criterion guides the sensitivity of testing, ensuring an adequate chance of identifying 
real changes in groundwater quality. In practical terms, the annual SWFPR is distributed evenly among 
the total number of well-constituent pairs and among the total number of statistical evaluations per year. 
Statistical limits will be constructed with sufficient background size and retesting in order not to exceed 
the per-pair portion of the overall false positive risk. Similarly, site-specific power curves associated with 
each distinct type of test will be constructed and compared to the EPA reference power curves to ensure 
adequate statistical power.  

The CCR Rule indicates that if an SSI over background is confirmed for one or more Appendix III 
constituents during detection monitoring (that is, after all necessary retesting has been conducted), then 
the owner or operator of the CCR unit must, within 90 days: 1) establish an assessment monitoring 
program, 2) demonstrate that a source other than the CCR unit caused the SSI over background, or 3) 
demonstrate that the SSI over background resulted from error in sampling, analysis, statistical evaluation, 
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or natural variation in groundwater quality. Note that one parameter, pH, will require both upper and lower 
prediction limits. In that case, a potential SSI will be flagged whenever a new compliance measurement is 
either less than the lower statistical limit or higher than the upper statistical limit.  Written documentation 
must also be completed and certified by a qualified professional engineer within the 90-day timeframe. 
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4. Assessment Monitoring and Corrective Action 
The methods described herein for assessment monitoring or corrective action — confidence intervals 
(and its variant confidence bands) — are consistent with Unified Guidance recommendations and are 
also justified under method/paragraph (5) of Section 257.93(f), namely “Another statistical method that 
meets the performance standards of paragraph (g) of this section.” 

To implement assessment monitoring, the CCR rule requires that all Appendix IV constituents be 
sampled, with any detected parameters added to the list of parameters sampled semiannually. To 
statistically evaluate these parameters for the CCR Unit, concentration data will be compared to 
Groundwater Protection Standards (GWPS) through the use of confidence intervals or their variant, 
confidence bands. A confidence interval is recommended and appropriate when the monitoring data do 
not exhibit a statistically significant trend. A confidence band is more appropriate when a trend is present. 
The GWPS for each constituent will be established as either the Maximum Contaminant Level (MCL) or 
as a statistical limit based on background if either no MCL is available or background concentrations are 
higher in concentration than the established MCL. On an annual basis, all Appendix IV parameters must 
be sampled and newly detected parameters added to the list of parameters sampled semiannually. 

4.1 Confidence Intervals 
For each well-constituent pair, a trend test will be run to determine whether there is evidence of a 
significant trend. If not, a parametric confidence interval around the population mean may be constructed 
at the 99% confidence level when the compliance data follow a normal distribution.  Alternatively, a 
confidence band approach, as described in Section 4.2, below, may be applied. 

If using a confidence interval approach, non-parametric bootstrap confidence intervals may be 
constructed if the data do not pass a normality test, due to skewness or other reasons. The accuracy of 
non-parametric intervals, including the bootstrap, depends in part on the number of observations used to 
construct the interval. When a well-constituent pair does not have sufficient sample size to ensure high 
statistical accuracy, a confidence interval with potentially less accuracy will be constructed but updated 
after each new sampling event until the desired accuracy is reached. The pair will also continue to be 
reported and tracked using time series plots and/or trend tests until enough data are available. 

In assessment monitoring, a well is determined to be out of compliance, and has a statistically significant 
level (SSL), when the lower confidence limit (LCL), and thus the entire interval, exceeds the GWPS, as 
discussed in USEPA’s Unified Guidance. Assessment of corrective measures is initiated within 90 days, 
with remediation efforts evaluated through the continuing use of confidence intervals and confidence 
bands to determine remedial effectiveness. 

4.2 Confidence Bands 
If the compliance data at a given well-constituent pair show evidence of a significant trend, a linear 
regression line will be fit to the data and a confidence band with 99% confidence will be constructed 
around the trend line. Confidence bands will only be constructed on pairs with at least four independent 
samples.  This approach may also be applied in the absence of a significant trend. 
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To evaluate compliance with regulatory standards, the lower edge of the confidence band at the most 
recent sampling event will be compared to the GWPS. If the lower edge exceeds the GWPS at that point 
in time (thus guaranteeing the entire vertical cross-section of the band also exceeds the GWPS at that 
point), an SSL will be recorded. If the lower edge of the band does not exceed the GWPS, no SSL will 
have occurred. As new sampling events are collected, the trend estimate will be updated along with the 
confidence band. 

4.3 Corrective Action 
If and when the assessment of corrective measures is initiated, this information will be placed in the 
operating record and, if possible, an alternate source demonstration (ASD) will be made. If there is 
evidence of an SSL above GWPS or if an ASD is not made regarding any SSL above GWPS, efforts will 
be made to characterize the nature and extent of the release. 

Once remediation activities begin, semiannual sampling will continue and confidence intervals and/or 
confidence bands will monitor the progress of remediation efforts. Confidence intervals and bands are 
compared to GWPS or other risk-based criteria to determine when clean-up levels are achieved. 

Although in corrective action the same statistical techniques are used, the manner of the comparison is 
different from that in assessment monitoring. In corrective action a well-constituent pair is declared 
‘clean’ when the entire confidence interval or cross-section of the confidence band at the most recent 
sampling event falls below a specified clean-up limit or GWPS (i.e., the upper confidence limit [UCL] or 
upper confidence band [UCB] falls below the regulatory limit). Alternatively, compliance is achieved when 
the lower confidence limit (LCL) or lower confidence band (LCB) for every Appendix IV parameter does 
not exceed the GWPS for a period of three consecutive years. 
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1.  INTRODUCTION 

1.1 BACKGROUND 

The following Closure/Post Closure Plan has been developed for Ash Pond 4, located at the 
Tennessee Valley Authority (TVA) Colbert Fossil Plant (COF) in Tuscumbia, Alabama to aid in 
meeting the requirements of the Alabama Department of Environmental Management (ADEM) 
Consent Decree (May 13, 2013) related to the Alabama Water Pollution Control Act.  As 
discussed on September 16, 2015, during a meeting with ADEM, as part of the corrective action 
for groundwater, Ash Pond 4 will be closed. Installation of the closure cap system at Ash Pond 4 
is anticipated to improve groundwater once fully implemented. 

The purpose of this document is to: (i) describe necessary activities associated with the closure 
of Ash Pond 4, and (ii) describe the monitoring and maintenance activities for the facility during 
the post-closure period. A copy of the Closure/Post-Closure Plan will be kept in the operating 
record. 

1.2 SITE DESCRIPTION 

Ash Pond 4, shown in Figure 1, is enclosed by a 1.2 mile long perimeter dike, encompasses 
approximately 52 acres, and has a free water volume of approximately 330,000 cy.   Ash pond 4 
is bordered on the east by Cane Creek and State Route 72 to the South.  This area has been 
used for many years as a wastewater treatment pond for both fly and bottom ash from plant 
operations.  The pond also receives Plant process water, gray water, and waters from the Coal 
Yard Runoff Pond (CYROP).  Ash Pond 4 consists of a sluicing area for bottom ash 
management, a Staging Area for bottom ash and fly ash, a Main Pond and an adjoining Stilling 
Pond.  Existing conditions are shown on Sheet 10WXXX-02. 

 

Figure 1. Ash Pond 4 Plan View (Not to Scale) 

The pond was originally constructed in 1972 with dikes that were approximately 20 feet high on 
the north, east and south sides, and somewhat shorter at the west side of the pond. The crest 
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elevation was nominally El. 440. In 1984, the dikes were raised approximately 20 feet using the 
upstream method, with fill material being placed on the inboard side on top of ash deposits, 
resulting in an average crest elevation of El. 460.  

Currently waters are discharged from a spillway structure on the north side of Ash Pond 4 to 
NPDES monitoring point DSN 001 (Permit No. AL 0003867).  
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2.0 2.  GENERAL CONSIDERATIONS 

2.1 CHARACTERISTICS OF CONTENTS 

Ash Pond 4 was originally used as a wastewater treatment area for both fly ash and bottom ash 
from Plant operations.  Since 1994, the area has only received sluiced bottom ash due to the 
installation of a bag house and the management of the fly ash in a dry manner at Ash Stack 5.  
However, since the placement of production ash in Ash Stack 5 was discontinued on October 
17, 2015, dry fly ash has been placed in the Staging Area within the footprint of Ash Pond 4 to 
use for cap contouring during closure 

2.2 SITE IMPROVEMENTS 

Modifications to the existing dike height and spillway structure at Ash Pond 4 were performed in 
2010 and 2011.  Portions of the dike crest were lowered two feet from elevation 460 to 458.  
The four original spillway riser structures were removed and the discharge pipes grouted full.   A 
new concrete spillway structure was installed.  The new spillway allows for adjustments in water 
level with the use of plastic stop logs, which can be lifted and moved with a davit crane mounted 
to the concrete structure. Additionally, siphons were installed to draw down the water level to 
facilitate construction of the new spillway.  The siphons remain in place for emergency and 
operational usage. Upon completion of these projects, the operational water level in the Main 
Pond and Stilling Pond was lowered to elevation 453. 

In 2013, a seepage remediation system consisting of a seepage collection drain, lateral piping, 
conveyance line, and stone buttress to mitigate seepage along the eastern and southern sides 
of the Ash Pond 4 dikes was installed. Seepage is carried via lateral pipes to the seepage 
conveyance line, which conveys seepage flows to the new headwall structure to the north of 
Pond 4 (seepage from the east dike), and to the treatment wetlands to the south of Pond 4 
(seepage from the south dike). The stone buttress provided a working surface for construction 
of the conveyance line, and remains in place.  

In 2015, construction of Seismic Improvements began along the eastern dike of Ash Pond 4.  
The improvements consist of installation of a Deep Mix Method (DMM) wall and associated 
working platform/buttress.  As part of the Seismic Improvements, the water level in the Main 
Pond was lowered to elevation 452, and the Stilling Pond was lowered to elevation 451. The 
construction of the DMM wall is ongoing at the time of this document.   

Prior to and throughout the aforementioned improvements, instrumentation has been added to 
Ash Pond 4, primarily in the perimeter dikes and the Staging Area.  The instrumentation is used 
to regularly monitor water levels, slopes, and settlement of the Staging Area.   

2.3 CLOSURE DESIGN 

COF will cease burning coal in April of 2016.  As a result, Plant process flows to Ash Pond 4 will 
be discontinued, aside from the sump and grey water flows.  Prior to the start of the closure of 
Ash Pond 4, the remaining sump and grey water flows from the Plant will be rerouted to the 
CYROP as part of a separate project. Final Closure of the Ash Pond 4 requires following 
general tasks: 

 Installing erosion and sediment controls. 

 Installing turbidity curtains as needed. 
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 Begin decanting the Ash Pond 4 using pumps and existing siphons. Discharged water 
will be monitored throughout decanting operations to maintain compliance with NPDES 
permitted limits. 

 Regrading of materials from the existing Staging Area (within Ash Pond 4) as necessary 
to achieve positive drainage and fill in decanted portions of the pond. 

 Remove existing structures (including spillway and associated appurtenances) to 2 feet 
below proposed top of ash. 

 Final grading of in-place CCRs and portions of clay dike to achieve design Top of 
Ash/Top of Subgrade elevations. 

 Constructing a cover system by installing the final cover system components, which 
includes lowering the existing dike to design grades. The existing dike materials may be 
reused for the cap system cover soil.  The cover system is detailed in Section 3.1. 

 Install permanent stormwater control structures. 

 Vegetating the surface of the cover via seeding and/or stabilization and fertilizing the 
surface to promote germination and growth.  
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3.0 3.  CLOSURE COMPONENTS 

3.1 COVER SYSTEM 

The cap system for the facility consists of a layer of cover soil and flexible membrane liner 
(FML).  The components include the following, listed from top to bottom: 

 Vegetative cover; 

 A minimum 18-inch-thick layer of cover soil, of which the upper 6 inches will be capable 
of supporting native plant growth; 

 A drainage layer consisting of a geocomposite material; 

 A 40-mil Linear Low Density Polyethylene (LLDPE) Flexible Membrane Liner (FML) 
barrier; and, 

Details of the closure cap system are illustrated on Sheet 10WXXX-11. Sheet 10WXXX-11 also 
provides details regarding geosynthetic cap terminations in anchor trench locations along the 
perimeter of the Ash Pond 4 closure.  

The geosynthetic components will be installed in accordance with the manufacturer’s 
instructions.  To ensure that installation of the final cover is properly installed, independent third 
party construction quality assurance (CQA) will be provided in accordance with the plan 
approved for the site.  Pre-construction and construction testing will be performed on integral 
materials for final cover construction.  Upon completion of the final cover system, a registered 
professional engineer will certify that the construction has been performed in accordance with 
the applicable plans and specifications, and as-built drawings will be prepared and submitted to 
ADEM.  

3.2 GRADING AND SURFACE WATER MANAGEMENT 

The final cover grades will be designed to maintain positive drainage while minimizing erosion. 
The side slopes will be constructed at a maximum 3H:1V (33.33%) final grade.  Tack-on 
berms/terraces for Ash Pond 4 will be located on the side slopes at intervals of approximately 
every 20-feet of rise, and will be graded with minimum slopes of 1%. The majority of the top 
area of Ash Pond 4 will be closed with slopes ranging between 2% and 4%.  Ditches will be 
graded with minimum slopes of 0.5%. Final Top of Ash grades, and Final Cover Grades are 
shown on Sheet 10WXXX-03 and 10WXXX-04, respectively. 

Storm water structures are shown on Sheets 10WXXX-04 and 10WXXX-10.  Storm water 
details are provided on Sheet 10WXXX-12 through 10WXXX-14. The system is designed to 
convey water via pipes, terraces and letdowns.  Storm water will be conveyed to the north and 
to the south of the closed Ash Pond 4 to existing NPDES discharge points DSN 001 and DSN 
013. Permanent and temporary surface water control structures, storm water diversion terraces, 
rock channel letdowns, culverts and proposed catch basins were designed to accommodate the 
peak flow from the 25-year/24-hour storm event.  

3.3 EROSION AND SEDIMENT CONTROL 

Temporary and permanent seeding of the exposed final cover system will occur as soon as 
practicable.  Temporary best management practices over disturbed areas of the site will be 
used prior to final grading or in a season not suitable for planting the desired species of grasses, 
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as prescribed in the most recent edition of the Alabama Handbook for Erosion Control, 
Sediment Control and Stormwater Management on Construction Sites and Urban Areas 
(Alabama E&S Handbook). 

Permanent seeding will occur prior to the completion of closure activities.  Permanent 
vegetation will be established and maintained to provide long-term erosion control and prevent 
sediment from leaving the site. Preparation of a vegetative cover shall include seeding, 
mulching, and any necessary fertilization at a minimum, and may include additional activities 
such as sodding of steeper slopes and drainage ways if necessary. Application rates for 
seeding and fertilizing of vegetation will be adjusted appropriately. Temporary erosion control 
blankets may be used if necessary to provide seedbed protection and prevent wash-out of seed 
and fertilizer during vegetation establishment. No deep rooted vegetation capable of growth 
below the 6-inch erosion layer shall be used. Commonly used plants for permanent covering, as 
provided by the Alabama E&S Handbook, are summarized in the following table.  Note that 
alternative seed mixtures may be utilized during closure should they be deemed more 
appropriate, so long as they are compatible with the soil and climate at the site. Commonly used 
plants for cover in the area of the site have been summarized in Table 1 below. 

Table 1.  Suitable Cover Plants 

Species Planting Dates and Application Rates 
(lbs/acre) 

Jan 1 to 
Feb 29 

Mar 1 to 
Aug 15 

Aug 16 to 
Nov 15 

Nov 16 to 
Dec 31 

Annual Ryegrass 25   25 

Hulled Bermudagrass  15   

Unhulled Bermudagrass 45 30 45 45 

Tall Fescue 45 45 45 45 

Total lbs/acre 115 90 90 115 
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4.0 4.  CLOSURE SCHEDULE 

Construction of the closure of Ash Pond 4 began during Fall 2016.  Completion of closure is 
anticipated to be during Fall 2017.   

Upon completion of all closure activities, TVA will provide certification by a registered 
professional engineer, certifying closure was completed in accordance with the closure plan.  
Certifications for the closure activities will document all construction activities related to the 
closure. A Closure Certification Report including as-built drawings will be provided to ADEM 
during within 90 days following completion of closure.  
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5.0 5.  POST CLOSURE CARE 

Post-Closure care activities will be implemented for a minimum period of 30 years.  The Post-
Closure activities will include groundwater monitoring, inspections and maintenance activities of 
the final closure cap system.  

Regular inspections of the site will be performed for the duration of the post-closure care period.  
Inspection frequency is described in Section 5.3. Maintenance or other corrective measures 
needed to prevent the deterioration of the final cover system will be identified during the 
inspections.  Features to be inspected include the visible final cover components and 
stormwater control features.  Each inspection will be documented and will include, at a 
minimum, the following information: 

 Date and time of the inspection; 

 Name of inspector; 

 Notation of observations made; 

 Nature of any remedial actions to be taken, and; 

 Recommendation for corrective measures. 

The final cover system will be inspected for erosion and sediment control.  Areas showing 
evidence of rills, surface cracks, and settlement will be repaired with suitable soil cover, 
compacted, graded, and have appropriate vegetative cover established.  Grading will be 
performed so that surface water does not pond over the unit and may be kept at the final 
approved contours, unless approved by ADEM.  Appropriate vegetative cover shall be re-
established following the repairs.  

The vegetative cover will be inspected on a regular basis to maintain a healthy stand of 
vegetation.  Areas containing distressed vegetation will be reseeded.  The vegetative cover over 
the site will be maintained by mowing or selective herbicide use on a regular schedule.  Deep 
rooted vegetation will be prohibited as vegetative cover.  If an area has less than approximately 
70 percent coverage by grass based on visual inspections, the area will be reworked and 
reseeded.  Fertilizer or other soil amendments may be applied, as necessary, to promote the re-
establishment of a self-sustaining vegetative cover. 

All monitoring devices including groundwater wells, erosion and surface water control 
structures, and leachate facilities will be inspected and maintained throughout the active life and 
post-closure period.  Groundwater monitoring will be performed in accordance with the 
Groundwater Monitoring Plan provided in Appendix B. 

5.1 MATERIAL RESTRICTIONS AND ACCESS 

No ash materials will be placed at the site following closure.  Any ash or waste shall be 
transported to a landfill approved by TVA. 

Ash Pond 4 is located on contiguous TVA property.  Access is controlled by an existing gate, 
natural features, and other controls.  Use of Ash Pond 4 is limited and exclusive to COF 
therefore, all access is controlled by TVA.  No new access control structures will be constructed. 
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5.2 FUTURE USE 

The planned use for this portion of the TVA property during the post-closure period is as open 
space. There are no anticipated activities associated with this end use that would disturb the 
integrity of the final cover, liners, or any other component of the containment system, or the 
function of the monitoring system.   

Any other future end use of the property will be approved by ADEM. 

5.3 POST-CLOSURE INSPECTION FREQUENCIES 

Table 2 summarizes TVA’s proposed frequencies of post-closure inspection.  Frequencies of 
inspection will be adjusted, as necessary, based on the performance of the closure system and 
storm water control structures. 

Table 2.  Inspection Frequencies 

Visual Inspection Frequencies 

First Year (Starting after vegetative establishment) Monthly and after major storm events 

Years 2 – 5 Quarterly 

Years 5 – 30 Annually 

 

5.4 POST-CLOSURE CERTIFICATION 

A certification signed by an independent registered professional engineer verifying that post-
closure care has been completed in accordance with the post-closure plan shall be provided to 
ADEM and a copy shall be placed in the operating record. 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

APPENDIX A 































 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

APPENDIX B 



The Groundwater Monitoring Plan for Ash Pond 4 has been removed from this
document.  The updated Groundwater Monitoring Plan is provided in Attachment G -
Operations Plan



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

APPENDIX C 



The Ash Pond 4 Final Closure QA/QC Plan is included in Attachment F - QA/QC Plan
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GEI Consultants, Inc. 

Memo 
To: Mr. Shane Harris, P.E. - TVA 

From: Jim Nickerson and Bill Walton, P.E., GEI 

Date: May 10, 2016 

Re: Slope Stability of Seismic Improvements 
Seismic Improvement Project, East Dike, Ash Pond 4 
Colbert Fossil Plant, Tuscumbia, Alabama 

The purpose of this memorandum is to present our slope stability analyses for the proposed regrading 
of the Colbert Fossil Plant Ash Pond 4. 

Background 

In 2015 GEI submitted a seismic improvement design for the east dike of Ash Pond 4.  The project 
involves the construction of deep mix method (DMM) soil-cement walls at the downstream toe of the 
east dike.  The DMM walls are designed to bear on the limestone bedrock.  The improvement was 
designed for the final closure grading of Ash Pond 4. 

GEI worked with AECOM to develop a proposed final grading and closure plan for Ash Pond 4.  In 
general the final grading and closure consists of lowering the perimeter north, east, and south dikes to 
El. 443 to El. 452, with perimeter drainage swale on the upstream side of the dike crest.  The west 
dike will be raised up to El. 487. 

Final Closure Slope Stability Analyses 

As part of our design we performed global stability analyses on seven cross-sections (B through F2) 
on the east dike, and five cross-sections on the west dike (H through L) for the post-closure 
conditions with the final closure grading and with seismic stability improvements.  We performed 
analyses using static loading with both static and post-earthquake shear strengths.  Unit weights and 
shear strengths for materials used in the stability analyses are summarized in Table 1 and discussed in 
Appendix A.  Strengths for three different loading conditions were used in the analyses: 

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

• Undrained strength for end of construction loading.

• Post-earthquake strength, for the native sand, saturated clay, and saturated ash for post-
earthquake loading.

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

The stability analyses were performed with the computer program SLOPE/W using the Spencer 
method.  We used the SLOPE/W optimization routine to check whether a non-circular surface would 
have a lower factor of safety.  The resulting optimized failure surfaces had lower factors of safety and 
more closely followed the weaker layers. 



Mr. Shane Harris, P.E. - TVA -2- May 10, 2016 

GEI Consultants, Inc. 

Slope Stability Analysis of East Dike 

We performed post-closure slope stability analyses for design sections along the east dike where 
seismic stabilization improvement was needed.  The location of the DMM walls for each of the 
design cross sections requiring stability improvement is shown in the stability results in Appendix B, 
Figures 1 through 28. 

We varied the strength of the DMM-treated zone to determine the strength necessary to obtain a post-
earthquake factor of safety of at least 1.1 in the SLOPE/W runs.  The critical failure surfaces for each 
design section passes through the walls, indicating that the location and geometry of the walls are 
suitable to intercept and stabilize the critical surface.  These analyses also indicate that failure 
surfaces that pass above the walls are not the critical surfaces, and have higher factors of safety than 
the critical surfaces that pass deeper through the body of the walls or along the DMM/bedrock 
interface. 

After we selected the minimum composite strength of the DMM walls, we performed stability 
analyses for the end-of-construction and long-term loading conditions.  The factors of safety for these 
two conditions were above 1.9.  Table 2 presents a summary of the slope stability analysis results for 
each load case. 

Slope Stability Analysis of West Dike 

We performed stability analyses for the long-term and post-earthquake loading conditions on five 
cross-sections of the west dike.  We used the proposed post-closure geometry for the analyses. 

The improvements consist of constructing a compacted stone fill berm at the downstream toe of the 
central and south portion of the west dike and at the west portion of the south dike.  The berm will be 
installed as part of the final closure of the ash pond after the Colbert plant is shut down.  The berm 
will be constructed prior to raising the ash fill level on the west side of the pond. 

With the berm, the factors of safety for the post-earthquake loading condition were above 1.2, as 
shown in Table 2.  After we selected the dimensions of the berm for the post-earthquake loading 
conditions we performed stability analyses for the long-term loading condition.  The factors of safety 
for this loading condition were above 2.4 as shown in Table 2.  SLOPE/W outputs are presented in 
Appendix B, Figures 28 through 38. 

Attachments: 
Table 1 – Material Properties Summary 
Table 2 – Slope Stability Result Summary 
Figure 1 – East Dike Analysis Cross-Sections 
Figure 2 – West Dike Analysis Cross-Sections 
Appendix A – Soil Strength Parameters for Analyses 
Appendix B – Slope Stability Analyses 

MPC/JFN:mrb 



CERTIFICATION 

TVA Colbert Fossil Plant, Ash Pond 4 Closure/Post-Closure Plan 
Static Slope Stability of Seismic Improvements
May 10, 2016

I hereby certify that this report was prepared either by me or under my supervision.  The report was 
prepared in accordance with sound geoltechnical principles and practices.  The content of this report is 
not to be used for other than its intended purpose and meaning, or for extrapolations beyond 
the interpretations contained herein. 

Name
 Alabama PE License  #34318-E 
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Table 1.   Material Properties Summary
Seismic Improvement Project, East Dike, Ash Pond 4
Colbert Fossil Plant,Tuscumbia, Alabama
Tennessee Valley Authority

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

c/σ’v= .06
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

Rip Rap 120 0 38 0 38 0 38

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

Granular Fill 125 0 35 0 35 0 35

Limestone Bedrock 135 20000 45 20000 45 20000 45

Material Properties

Unit 
Weight 

Sluiced Ash (Saturated) 107 0

Material Name
Post-EQ StrengthsDrained Strengths

26

Undrained Strengths

0 10400

Notes: 
1.  EQ = Earthquake

1
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Table 2. Slope Stability Summary
Seismic Improvement Project, East Dike, Ash Pond 4
Colbert Fossil Plant,Tuscumbia, Alabama
Tennessee Valley Authority

FS FS FS FS

B 2.4 2.3 1.1 1.1

C 2.5 2.6 1.1 1.1

D1 2.2 1.9 1.1 1.1

D2 2.1 2.0 1.1 1.1

E 2.2 2.0 1.1 1.1

F1 2.2 1.9 1.1 3.0

F2 2.4 2.1 1.1 3.0

H 2.7 -- 1.2 --

I 2.4 -- 1.3 --

J 2.5 -- 1.2 --

K 2.5 -- 1.2 --

L 2.4 -- 1.4 --

Long-Term 
(Drained)

Post-EQ 
(Undrained)

Post-Closure Conditions

Analysis 
Section

Post-EQ Failure in 
Ash Stack 

(Undrained)

End-of-
Construction 
(Undrained)

1
1

Notes: 
1.  EQ = Earthquake
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Fig. 1

East Dike Seismic Improvement Project

Colbert Fossil Plant Ash Pond No. 4

Tuscumbia, Alabama

Tennessee Valley Authority 
Chattanooga, Tennessee

East Dike Analysis Cross- 
Sections

 May 2016

Consultants

CONCEPTUAL STABILIZING BERM FOR WEST DIKE

(GEOMETRY AND LIMITS TO BE DETERMINED)



Fig. 2

West Dike Seismic Improvement Project

Colbert Fossil Plant Ash Pond No. 4

Tuscumbia, Alabama

Tennessee Valley Authority

Chatanooga, Tennessee

West Dike Analysis Cross-
Sections

May 2016

Consultants

2015 CONE PENETRATION TESTING

2015 SOIL BORING WITH STANDARD PENETRATION TESTING AND PIEZOMETERS

2015 AUGER PROBE

HISTORIC SOIL BORING WITH STANDARD PENETRATION TESTS, TUBE SAMPLING,

AND/OR CONE PENETRATION TESTING (2014 EXPLORATION)

HISTORIC SOIL BORING WITH CONTINUOUS STANDARD PENETRATION TESTS

AND/OR SHELBY TUBE SAMPLING (2010 EXPLORATION, BY OTHERS)

HISTORIC SOIL BORING WITH CONTINUOUS STANDARD PENETRATION TESTS

AND/OR SHELBY TUBE PISTON SAMPLING, AND PIEZOMETER INSTALLATION (2010

EXPLORATION, BY OTHERS )

HISTORIC SOIL BORING WITH CONTINUOUS STANDARD PENETRATION TESTS

AND/OR SHELBY TUBE SAMPLING, ROCK CORE, AND PIEZOMETER INSTALLATION

(2010 EXPLORATION, BY OTHERS)

NOTES:

1. STN- AND L- SERIES EXPLORATION LOCATIONS PROVIDED BY STANTEC.

2. CPT- AND SB- SERIES EXPLORATION LOCATIONS PROVIDED BY TVA.

3. TOPOGRAPHIC SURVEY INFORMATION HAS BEEN PROVIDED BY THE TVA AND

SHOULD BE USED FOR INFORMATION ONLY.

0 15050 300 FEET

CONTOUR INTERVAL = 2'

LEGEND:
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Client: Tennessee Valley Authority Prepared By: M. Perez-Canals 
Project: Seismic Improvement Ash Pond 4 Date: May 2015 

Checked By: F. D. Leathers 
Appendix A: Soil Strength Parameters for Analysis Date: May 14, 2015 

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. 

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. 

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. 

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. 

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 

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) 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 

Rip Rap 120 0 38 0 38 0 38

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

Granular Fill 125 0 35 0 35 0 35

Limestone Bedrock 135 20000 45 20000 45 20000 45 
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Approach: 

We selected soil strength parameters based on our subsurface explorations and subsurface 
explorations performed by Stantec in 2010 and 2014. 

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 (sluiced ash and native sand) 
and reduced shear strength for the saturated fine-grained soils (compacted clay dikes 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). 

Pseudostatic Case 
For the pseudostatic case a horizontal seismic coefficient (see Design Report) was applied.  We 
assigned post-liquefaction shears strengths to the materials that were identified as being potentially 
liquefiable.  Non liquefiable material strengths were increased 33% to account for the short term 
duration of the dynamic loading. 
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Unit Weights: 

We based the selection of unit weights for the embankment, fill, and foundation soils based on: 

 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 Figure I-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 Figure I-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 Figure I-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 
Figure I-4.  The drained friction angle was rounded to the nearest degree.  The selected parameters 
were ϕ′=26° and c’=0 psf. 
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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 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 Figure I-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. 

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 Figure I-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 Figure I-6.  We used conservative drained strength parameters of ϕ′=38° and c’=0 
psf.  

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 Figure I-6.  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. 

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 
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.  
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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 Figures I-7 through I-9.  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 (Figures I-7 through I-9).  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 Figure I-7.  We used undrained strength parameters of ϕ=0° and c=1,500 psf. 

2. Lower Clay Dike
We selected undrained strengths for the lower clay dike based on available CIU and UU tests. The su 
versus σv’ plot is presented in Figure I-8.  We used undrained strength parameters of ϕ=0° and c=1,500 
psf. 
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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 Figure I-9.   

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. 

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 Figure I-10.  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. 
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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. 

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.  Figure I-11 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 Figure I-12, 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.    
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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. 

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 I-1.  Drained Failure Envelope for Upper Clay Dike (Stantec, 2010). 
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Figure I-2.  Drained Failure Envelope for Lower Clay Dike (Stantec, 2010). 
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Figure I-3.  Drained Failure Envelope for Native Clay (Stantec, 2010). 
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Figure I-4.  Drained Failure Envelope for Sluiced Ash (Stantec, 2010). 
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Figure I-5.  Peak Friction Angle of Sands from SPT Resistance (Adapted from Hatanaka & 
Uchida, 1996; Figure from FHWA NHI, 2002).  
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Figure I-6.  Shearing Strengths of Rockfill from Large Triaxial Tests (Leps, 1970). 
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Figure I-7.  su Versus σv’ Plots for Upper Clay Dike. 
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Figure I-8.  su Versus σv’ Plots for Lower Clay Dike. 
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Figure I-9.  su Versus σv’ Plots for Native Clay. 
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Figure I-10.  Undrained Failure Envelope for Sluiced Ash (Stantec, 2010). 
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Figure I-11.  Histogram of N1,60  Values Measured in the Native Sand and Low Plasticity Silt. 
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Figure I-12.  Histogram of N1,60  Values Measured in the Sluiced Ash. 
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Material Properties

Material Name Unit Weight 
(pcf)

Cohesion
(psf)

Friction Angle 
(deg)

Upper Clay Dike (Unsaturated) 127 1500 0

Upper Clay Dike (Saturated) 127 1500 0

Sluiced Ash (Saturated) 107 400 10

Lower Clay Dike (Unsaturated) 127 1500 0

Lower Clay Dike (Saturated) 127 1500 0

Native Clay (Unsaturated) 129 1250 0

Native Clay (Saturated) 129 750 0

Native Clay Under Dike (Saturated) 129 1250 0

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

Rip Rap 120 0 38

Granular Fill 125 0 35

Limestone Bedrock 135 20000 45
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Tuscumbia, Alabama

Material Properties

Material Name Unit Weight 
(pcf)

Cohesion
(psf)

Friction Angle 
(deg)

Upper Clay Dike 127 200 28

Stacked Ash 107 0 30

Sluiced Ash 107 0 26

Lower Clay Dike 127 200 29

Native Clay 129 200 28

Native Sand and Low Plasticity Silts 120 0 30

Rip Rap 120 0 38

Granular Fill 125 0 35

Limestone Bedrock 135 20000 45

Tennessee Valley Authority
Chattanooga, Tennessee FIG. 10
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Material Properties

Material Name Unit Weight 
(pcf)

Cohesion
(psf)

Friction Angle 
(deg)

Upper Clay Dike (Unsaturated) 127 1500 0

Upper Clay Dike (Saturated) 127 1200 0

Stacked Ash (Unsaturated) 107 0 30

Sluiced Ash (Saturated) 107 c/σ’v= 0.06
cmin= 100

0

Lower Clay Dike (Unsaturated) 127 1500 0

Lower Clay Dike (Saturated) 127 1200 0

Native Clay (Unsaturated) 129 1250 0

Native Clay (Saturated) 129 600 0

Native Clay Under Dike (Saturated) 129 1000 0

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

DMM Wall composite strength block 120 1500 0

Granular Fill 125 0 35

Limestone Bedrock 135 20000 45

Tennessee Valley Authority
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Material Properties

Material Name Unit Weight 
(pcf)

Cohesion
(psf)

Friction Angle 
(deg)

Upper Clay Dike (Unsaturated) 127 1500 0

Upper Clay Dike (Saturated) 127 1200 0

Stacked Ash (Unsaturated) 107 0 30

Sluiced Ash (Saturated) 107 c/σ’v= 0.06
cmin= 100

0

Lower Clay Dike (Unsaturated) 127 1500 0

Lower Clay Dike (Saturated) 127 1200 0

Native Clay (Unsaturated) 129 1250 0

Native Clay (Saturated) 129 600 0

Native Clay Under Dike (Saturated) 129 1000 0

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

DMM Wall composite strength block 120 1500 0

Granular Fill 125 0 35

Limestone Bedrock 135 20000 45
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Material Properties

Material Name Unit Weight 
(pcf)

Cohesion
(psf)

Friction Angle 
(deg)

Upper Clay Dike (Unsaturated) 127 1500 0

Upper Clay Dike (Saturated) 127 1500 0

Sluiced Ash (Saturated) 107 400 10

Lower Clay Dike (Unsaturated) 127 1500 0

Lower Clay Dike (Saturated) 127 1500 0

Native Clay (Unsaturated) 129 1250 0

Native Clay (Saturated) 129 750 0

Native Clay Under Dike (Saturated) 129 1250 0

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

Rip Rap 120 0 38

Granular Fill 125 0 35

Limestone Bedrock 135 20000 45
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Material Properties

Material Name Unit Weight 
(pcf)

Cohesion
(psf)

Friction Angle 
(deg)

Upper Clay Dike 127 200 28

Stacked Ash 107 0 30

Sluiced Ash 107 0 26

Lower Clay Dike 127 200 29

Native Clay 129 200 28

Native Sand and Low Plasticity Silts 120 0 30

Rip Rap 120 0 38

Granular Fill 125 0 35

Limestone Bedrock 135 20000 45
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Material Properties

Material Name Unit Weight 
(pcf)

Cohesion
(psf)

Friction Angle 
(deg)

Upper Clay Dike (Unsaturated) 127 1500 0

Upper Clay Dike (Saturated) 127 1200 0

Stacked Ash (Unsaturated) 107 0 30

Sluiced Ash (Saturated) 107 c/σ’v= 0.06
cmin= 100

0

Lower Clay Dike (Unsaturated) 127 1500 0

Lower Clay Dike (Saturated) 127 1200 0

Native Clay (Unsaturated) 129 1250 0

Native Clay (Saturated) 129 600 0

Native Clay Under Dike (Saturated) 129 1000 0

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

DMM Wall composite strength block 120 1100 0

Granular Fill 125 0 35

Limestone Bedrock 135 20000 45
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Material Properties

Material Name Unit Weight 
(pcf)

Cohesion
(psf)

Friction Angle 
(deg)

Upper Clay Dike (Unsaturated) 127 1500 0

Upper Clay Dike (Saturated) 127 1200 0

Stacked Ash (Unsaturated) 107 0 30

Sluiced Ash (Saturated) 107 c/σ’v= 0.06
cmin= 100

0

Lower Clay Dike (Unsaturated) 127 1500 0

Lower Clay Dike (Saturated) 127 1200 0

Native Clay (Unsaturated) 129 1250 0

Native Clay (Saturated) 129 600 0

Native Clay Under Dike (Saturated) 129 1000 0

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

DMM Wall composite strength block 120 1150 0

Granular Fill 125 0 35

Limestone Bedrock 135 20000 45
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Material Properties

Material Name Unit Weight 
(pcf)

Cohesion
(psf)

Friction Angle 
(deg)

Upper Clay Dike (Unsaturated) 127 1500 0

Upper Clay Dike (Saturated) 127 1500 0

Sluiced Ash (Saturated) 107 400 10

Lower Clay Dike (Unsaturated) 127 1500 0

Lower Clay Dike (Saturated) 127 1500 0

Native Clay (Unsaturated) 129 1250 0

Native Clay (Saturated) 129 750 0

Native Clay Under Dike (Saturated) 129 1250 0

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

Rip Rap 120 0 38

Granular Fill 125 0 35

Limestone Bedrock 135 20000 45
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Material Properties

Material Name Unit Weight 
(pcf)

Cohesion
(psf)

Friction Angle 
(deg)

Upper Clay Dike 127 200 28

Stacked Ash 107 0 30

Sluiced Ash 107 0 26

Lower Clay Dike 127 200 29

Native Clay 129 200 28

Native Sand and Low Plasticity Silts 120 0 30

Rip Rap 120 0 38

Granular Fill 125 0 35

Limestone Bedrock 135 20000 45
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Material Properties

Material Name Unit Weight 
(pcf)

Cohesion
(psf)

Friction Angle 
(deg)

Upper Clay Dike (Unsaturated) 127 1500 0

Upper Clay Dike (Saturated) 127 1200 0

Stacked Ash (Unsaturated) 107 0 30

Sluiced Ash (Saturated) 107 c/σ’v= 0.06
cmin= 100

0

Lower Clay Dike (Unsaturated) 127 1500 0

Lower Clay Dike (Saturated) 127 1200 0

Native Clay (Unsaturated) 129 1250 0

Native Clay (Saturated) 129 600 0

Native Clay Under Dike (Saturated) 129 1000 0

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

DMM Wall composite strength block 120 1000 0

Granular Fill 125 0 35

Limestone Bedrock 135 20000 45
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Material Properties

Material Name Unit Weight 
(pcf)

Cohesion
(psf)

Friction Angle 
(deg)

Upper Clay Dike (Unsaturated) 127 1500 0

Upper Clay Dike (Saturated) 127 1200 0

Stacked Ash (Unsaturated) 107 0 30

Sluiced Ash (Saturated) 107 c/σ’v= 0.06
cmin= 100

0

Lower Clay Dike (Unsaturated) 127 1500 0

Lower Clay Dike (Saturated) 127 1200 0

Native Clay (Unsaturated) 129 1250 0

Native Clay (Saturated) 129 600 0

Native Clay Under Dike (Saturated) 129 1000 0

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

DMM Wall composite strength block 120 1150 0

Granular Fill 125 0 35

Limestone Bedrock 135 20000 45
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Material Properties

Material Name Unit Weight 
(pcf)

Cohesion
(psf)

Friction Angle 
(deg)

Upper Clay Dike (Unsaturated) 127 1500 0

Upper Clay Dike (Saturated) 127 1500 0

Sluiced Ash (Saturated) 107 400 10

Lower Clay Dike (Unsaturated) 127 1500 0

Lower Clay Dike (Saturated) 127 1500 0

Native Clay (Unsaturated) 129 1250 0

Native Clay (Saturated) 129 750 0

Native Clay Under Dike (Saturated) 129 1250 0

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

Rip Rap 120 0 38

Granular Fill 125 0 35

Limestone Bedrock 135 20000 45

May 2016



1.9

Distance (ft)
-170 -150 -130 -110 -90 -70 -50 -30 -10 10 30 50 70 90 110 130 150 170 190 210 230 250 270 290 310 330

E
le

va
tio

n 
(ft

)

370
380
390
400
410
420
430
440
450
460
470

Upper Clay Dike

Lower Clay Dike 
Native Clay

Native Sand and Low Plasticity Silts

Limestone Bedrock

Sluiced Ash

Granular Fill

Section F1
Proposed Regrading With DMM Walls

Long Term (Drained)

East Dike Seismic Improvements
Colbert Fossil Plant ‐ Ash Pond 4

Tuscumbia, Alabama

Material Properties

Material Name Unit Weight 
(pcf)

Cohesion
(psf)

Friction Angle 
(deg)

Upper Clay Dike 127 200 28

Stacked Ash 107 0 30

Sluiced Ash 107 0 26

Lower Clay Dike 127 200 29

Native Clay 129 200 28

Native Sand and Low Plasticity Silts 120 0 30

Rip Rap 120 0 38

Granular Fill 125 0 35

Limestone Bedrock 135 20000 45
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Material Properties

Material Name Unit Weight 
(pcf)

Cohesion
(psf)

Friction Angle 
(deg)

Upper Clay Dike (Unsaturated) 127 1500 0

Upper Clay Dike (Saturated) 127 1200 0

Stacked Ash (Unsaturated) 107 0 30

Sluiced Ash (Saturated) 107 c/σ’v= 0.06
cmin= 100

0

Lower Clay Dike (Unsaturated) 127 1500 0

Lower Clay Dike (Saturated) 127 1200 0

Native Clay (Unsaturated) 129 1250 0

Native Clay (Saturated) 129 600 0

Native Clay Under Dike (Saturated) 129 1000 0

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

DMM Wall composite strength block 120 1150 0

Granular Fill 125 0 35

Limestone Bedrock 135 20000 45
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Material Properties

Material Name Unit Weight 
(pcf)

Cohesion
(psf)

Friction Angle 
(deg)

Upper Clay Dike (Unsaturated) 127 1500 0

Upper Clay Dike (Saturated) 127 1200 0

Stacked Ash (Unsaturated) 107 0 30

Sluiced Ash (Saturated) 107 c/σ’v= 0.06
cmin= 100

0

Lower Clay Dike (Unsaturated) 127 1500 0

Lower Clay Dike (Saturated) 127 1200 0

Native Clay (Unsaturated) 129 1250 0

Native Clay (Saturated) 129 600 0

Native Clay Under Dike (Saturated) 129 1000 0

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

DMM Wall composite strength block 120 1150 0

Granular Fill 125 0 35

Limestone Bedrock 135 20000 45
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Material Properties

Material Name Unit Weight 
(pcf)

Cohesion
(psf)

Friction Angle 
(deg)

Upper Clay Dike (Unsaturated) 127 1500 0

Upper Clay Dike (Saturated) 127 1500 0

Sluiced Ash (Saturated) 107 400 10

Lower Clay Dike (Unsaturated) 127 1500 0

Lower Clay Dike (Saturated) 127 1500 0

Native Clay (Unsaturated) 129 1250 0

Native Clay (Saturated) 129 750 0

Native Clay Under Dike (Saturated) 129 1250 0

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

Rip Rap 120 0 38

Granular Fill 125 0 35

Limestone Bedrock 135 20000 45
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Material Properties

Material Name Unit Weight 
(pcf)

Cohesion
(psf)

Friction Angle 
(deg)

Upper Clay Dike 127 200 28

Stacked Ash 107 0 30

Sluiced Ash 107 0 26

Lower Clay Dike 127 200 29

Native Clay 129 200 28

Native Sand and Low Plasticity Silts 120 0 30

Rip Rap 120 0 38

Granular Fill 125 0 35
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Material Name Unit Weight 
(pcf)

Cohesion
(psf)

Friction Angle 
(deg)
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