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Executive Summary 

On July 24, 2019, the Davidson County Chancery Court entered a Consent Order (Order) in Case No. 15-23-IV 

reflecting an agreement between the Tennessee Valley Authority (TVA), the State of Tennessee, the Tennessee 

Department of Environment and Conservation (TDEC), and certain Plaintiff-Intervenors to close the Ash Pond Complex 

(APC) located at the Gallatin Fossil Plant (GAF) located near Gallatin, Sumner County, Tennessee. For purposes of 

the Order, the APC consists of the Bottom Ash Pond, Middle Pond A, Ash Pond A, Ash Pond E, and Stilling Ponds B, 

C, and D as shown in Figure 1. 

Consistent with Section 2.a. of the Order, TVA is required to prepare a plan for the removal and ultimate disposition of 

the coal combustion residuals (CCR) within the APC for approval by TDEC.  TVA has retained AECOM to prepare this 

Removal Plan (Plan) for the APC in accordance with the Order. 

This Removal Plan has been developed to describe the removal or excavation of the CCR from the APC at GAF. This 

plan details closure by excavation of the APC and final disposition of excavated CCR in a proposed on-site lined CCR 

landfill expansion. The excavation of CCR and the closure of the APC will be in accordance with applicable provisions 

of the Order and relevant state law, as well as the federal Disposal of Coal Combustion Residuals from Electric Utilities 

rule (CCR Rule) (codified at 40 CFR § 257.50 et seq.). 

GAF is located on approximately 1,950 acres of land situated on the north bank of the Cumberland River in north-

central Tennessee at 1499 Steam Plant Road, Gallatin, Sumner County.  GAF is a coal-fired steam plant that operates 

four turbo-generating units with a combined summer net generating capacity of 976 megawatts.  In addition, GAF 

operates eight combustion-turbine units (oil burning) to provide peak power as needed. 

The APC covers an area of approximately 435 acres and contains approximately 11.9 million cubic yards (cy) of CCR.  

An additional approximately 800,000 cy of impacted soils may be removed from beneath the CCR as part of closure.  

Operation of the APC began in 1970, with the APC receiving sluiced fly ash and bottom ash, as well as process waters 

generated at GAF. In 2016, TVA began conversion to dry CCR management by constructing a lime-based dry flue gas 

desulfurization system, or “dry scrubber,” at GAF.  In 2019, TVA completed construction of temporary facilities to convert 

bottom ash handling facilities from wet to dry. As of June 21, 2019, TVA ceased placing waste streams into the APC.  

Permanent bottom ash dewatering facilities were completed in January 2020, completing the conversion to dry CCR 

management at GAF.  CCR produced at GAF are currently disposed of in a lined on-site landfill known as the Rail Loop 

Site North Rail Loop (NRL) landfill which is operated in accordance with a Class II Solid Waste Landfill Permit IDL #83-

000-029 issued by the TDEC Division of Solid Waste. 

TVA is proposing to excavate the CCR from the APC and place the material within a dedicated lateral expansion to the 

existing NRL landfill. Removal of the CCR from within the APC will begin once construction of the proposed NRL landfill 

expansion is complete. The proposed landfill expansion is located directly south of the existing NRL landfill as shown 

in Figure 1, and is referred to as the South Rail Loop (SRL) landfill. A Class II solid waste permit application has been 

developed and submitted to TDEC Division of Solid Waste under separate cover. 

The details presented in this Plan are subject to change.  TVA is committed to evaluating emerging technologies and 

best practices and it should be noted that at the time of preparing this Plan, a contractor has not been selected.  

Therefore, changes to this Plan may be made to reflect the selected contractor’s means and methods, changing 

conditions encountered in the field, implementation of new emerging technologies or best practices, or other factors.  

Once selected, the contractor shall be required to prepare an Execution Plan that describes the contractor’s proposed 

methodology, construction sequencing, staging area locations, best management practices (BMPs), and moisture 

conditioning methods.  This plan shall be submitted to TDEC for review.  In addition, as outlined in Section 2.c. of the 

Order, TVA may elect to beneficially reuse some portion or all of the CCR within the APC.  TVA is committed to 

evaluating options for further beneficial reuse of CCR and for handling/transportation of CCR.  In the future, TVA may 

choose to beneficially reuse CCR or make use of alternate technologies for CCR handling or transportation (e.g., paste 

or conveyance technologies).  If TVA does elect to beneficially reuse CCR or make use of alternate technologies, 

material processing and moisture conditioning requirements will be dictated by the selected technology and may differ 
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from those presented in this Removal Plan.  TVA will also conduct annual reviews of this Removal Plan to evaluate 

compliance with relevant regulations.  Should substantial changes or amendments be made to this Plan, it will be 

resubmitted to TDEC and applicable parties as noted in Section 2.e. of the Order. 

Upon approval of this Removal Plan by TDEC, additional actions will commence, including finalization of detailed 

engineering designs, dewatering and removal of free water and interstitial (pore) water, and contracting and detailed 

planning for the removal activities.   

This Removal Plan provides the necessary guidelines for the safe removal of CCR from the APC, including engineering 

drawings of the removal (Attachment A), karst mitigation measures to be implemented to repair karst features that 

may be encountered during construction (Attachment C), dust control measures and best practices that will be 

implemented to mitigate fugitive dust (Attachment E), guidelines for temporary CCR excavation slopes (Attachment 

F.1), and engineering analysis for the management of storm water for existing and final conditions of the site 

(Attachment F.2). A Dewatering Plan (Attachment B) describes the proposed management and treatment of free 

water, pore water, and contaminated storm water during removal activities in accordance with the facility National 

Pollutant Discharge Elimination System (NPDES) Permit TN0005428. Following removal of CCR, soils will be tested 

to document site conditions.  The proposed sampling and testing is described in a Source Removal Construction Quality 

Assurance Plan (SR CQAP) (Attachment D). 

In accordance with the Order, several associated documents will be prepared in addition to this Removal Plan to 

address environmental site conditions, monitoring of groundwater and surface waters, and groundwater corrective 

action.  These documents include: (i) an Environmental Assessment Report (EAR), will be submitted to TDEC under 

separate cover and discussed in Section 2.5; (ii) a Monitoring Plan for continued monitoring of groundwater and other 

discharge locations during closure, to be submitted to TDEC prior to initiating removal; and (iii) a Corrective Action/Risk 

Assessment (CARA) Plan for groundwater at the APC, to be submitted within 60 days of TDEC’s approval of this 

Removal Plan.  

In accordance with Section 2.f of the Order, CCR from the APC will be removed within 20 years of TDEC’s approval of 

this Removal Plan. TVA will provide annual progress reports to TDEC over the course of the removal to document the 

work completed and provide updates to the project schedule presented in this Plan.  

Site restoration activities may be completed following the 20-year removal timeline required by the Order. At the time 

of preparing this Removal Plan, TVA has not determined a preferred approach for restoring or otherwise repurposing 

the site.  At a minimum, the site will be graded to promote positive drainage and adequately manage storm water, then 

planted with native grasses for erosion control.  Post-excavation, the site will resemble the land’s valley shape before 

the APC was created.  Areas of the site located below the Cumberland River’s normal water surface elevation are 

expected to result in a ponded area over a portion of the site.  Appropriate environmental reviews will be performed 

and any necessary federal, state, or local permits will be obtained prior to any future activities occurring. 
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1 Introduction 

On July 24, 2019, the Davidson County Chancery Court entered a Consent Order (Order) in Case No. 15-23-IV 

reflecting an agreement between the Tennessee Valley Authority (TVA), the State of Tennessee, the Tennessee 

Department of Environment and Conservation (TDEC), and certain Plaintiff-Intervenors to close the Ash Pond Complex 

(APC) located at the Gallatin Fossil Plant (GAF) located near Gallatin, Sumner County, Tennessee. For purposes of 

the Order, the APC consists of the Bottom Ash Pond, Middle Pond A, Ash Pond A, Ash Pond E, and Stilling Ponds B, 

C, and D as shown in Figure 1. 

Consistent with Section 2.a. of the Order, TVA is required to prepare a plan for the removal and ultimate disposition of 

the coal combustion residuals (CCR) within the APC for approval by TDEC.  TVA is proposing to excavate the existing 

CCR from the APC and place the material within a dedicated lateral expansion to the existing North Rail Loop (NRL) 

landfill, referred to as the South Rail Loop (SRL) landfill.  TVA has retained AECOM to prepare this Removal Plan (Plan) 

for the APC in accordance with the Order. 

The details presented in this Plan are subject to change.  TVA is committed to evaluating emerging technologies and 

best practices and it should be noted that at the time of preparing this Plan, a contractor has not been selected.  

Therefore, changes to this Plan may be made to reflect the selected contractor’s means and methods, changing 

conditions encountered in the field, implementation of new emerging technologies or best practices, identification of 

new beneficial reuse opportunities, or other factors.  Once selected, the contractor shall be required to prepare an 

Execution Plan that describes the contractor’s proposed methodology, construction sequencing, staging area locations, 

best management practices (BMPs), and moisture conditioning methods.  This plan shall be submitted to TDEC for 

review.  TVA will also conduct annual reviews of this Removal Plan to evaluate compliance with relevant regulations.  

Should substantial changes or amendments be made to this Plan, it will be resubmitted to TDEC and applicable parties 

as noted in Section 2.e. of the Order. 

1.1 Removal Plan Objectives 
The primary objective of this Removal Plan is to address the safe and effective closure by removal of the CCR from the 

APC as directed by the Order and to obtain approval from TDEC to develop the additional working documents 

necessary to complete the closure actions.  This Removal Plan describes and communicates the key actions and 

activities necessary to close the APC in accordance with applicable state law and with requirements for written Closure 

Plans for CCR surface impoundments presented in the United States Environmental Protection Agency’s (EPA’s) CCR 

Rule (40 CFR § 257.102(b)(i-vi)).  Planned removal activities include: 

• Removal of the free water in the APC; 

• Construction and operation of a Water Treatment System (WTS) to manage contaminated storm water and pore 

water dewatering discharge from the APC during removal; 

• Dewatering to support safe excavation of CCR from the APC; 

• Excavation of the CCR; 

• Source Removal Verification testing of native soils located beneath the CCR; 

• Establishing final grades following CCR Removal using soil fill where required; 

• Construction of storm water management systems; and 

• Site restoration of disturbed areas. 

In accordance with Section 2.e. of the Order, TDEC’s approval of this Removal Plan serves as any approval that may 

be required pursuant to Tennessee Code Annotated Section 68-211-106(j) associated with the excavation and removal 

of CCR from the APC. 
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1.2 Report Organization 

The Removal Plan has been organized into the following Sections: 

• Section 2 provides relevant background information about GAF including site history and a description of the 

APC; 

• Section 3 provides a summary of CCR excavation and supporting activities including dewatering and water 

management, instrumentation monitoring, karst mitigation, and source removal verification; 

• Section 4 summarizes the plans for final site restoration following removal of CCR; 

• Section 5 presents a summary of BMPs to be implemented during removal; 

• Section 6 presents anticipated permits that may be required to support APC closure; 

• Section 7 provides details on required reporting during execution of the project; 

• Section 8 presents a proposed schedule for the project; and 

• Section 9 presents a summary of the references cited in this Removal Plan. 

Engineering Drawings are provided as Attachment A.  Additional supporting packages and documents are provided 

in Attachment B through Attachment F. 

2 Facility Description 

2.1 Site History and Operations 

GAF is located on approximately 1,950 acres of land situated on the north bank of the Cumberland River in north-

central Tennessee at 1499 Steam Plant Road, Gallatin, Sumner County.  GAF is a coal-fired steam plant that operates 

four turbo-generating units with a combined summer net generating capacity of 976 megawatts.  In addition, GAF 

operates eight combustion-turbine units (oil burning) to provide peak power as needed.  Groundbreaking at GAF 

occurred on May 11, 1953.  The first, second, third, and fourth turbo-generators began operating on November 8, 1956, 

June 27, 1957, May 22, 1959, and August 9, 1959, respectively.  Cooling water for the plant is diverted from the 

Cumberland River via an intake channel southeast of the main plant.  Water is released back to the Cumberland River 

via a discharge channel located southwest of the plant. 

Dikes associated with the APC were constructed over the course of plant operation. Typical cross-sections of the dikes 

are provided for reference in the Engineering Drawings in Attachment A.  A detailed discussion of the construction of 

operations history of the APC will be presented in the Environmental Assessment Report (EAR), which will be submitted 

to TDEC under separate cover.  The following provides a summary of the APC construction and operation: 

• Dikes constructed for the barge unloading area on the southern end of Ash Pond E were constructed in 1953 

during plant construction; 

• In 1969, additional dikes were constructed to provide containment for the APC area; 

• Operation of the APC began in 1970, with the APC receiving sluiced fly ash and bottom ash, as well as process 

waters generated at GAF; 

• In 1978, divider dikes were constructed to create the Stilling Ponds.  Completion of these dikes created a pond 

complex which included Ash Pond A, Ash Pond E, and Stilling Ponds B, C, and D.  These dikes were raised over 

time to increase pond storage capacity; 

• In 1988, spillways were constructed for Ash Pond A and the divider dikes around Ash Pond E were raised; 

• In the early 1990s, additional dikes were constructed to separate Middle Pond A and the Bottom Ash Pond; 

• In 2006, Ash Pond E was expanded by constructing a new raised perimeter dike using soil materials; 
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• From 2012 to 2014, stability improvements were made to the perimeter dike system including the construction of 

a rock access bench at the Ash Pond A toe of the slope adjacent to the Stilling Ponds; 

• In 2014, the Ash Pond A dikes were lowered to reduce free water capacity and siphons were added to act as 

primary spillways and increase storm flow capacity.  Existing Ash Pond A spillways were stabilized to act as 

secondary spillways during storm events; 

• In 2015, the Outfall 001 spillways in Stilling Pond D were updated to provide increased hydraulic capacity, with 

primary spillways constructed. The existing spillways were upgraded to serve as secondary spillways during storm 

events; 

• In 2016 and 2017, TVA modified pond operations and diverted flows to Pond A, lowering the water levels within 

the APC and removing free water from Pond E.  This allowed for construction of roads within Ash Ponds A and E 

to allow safe access for environmental investigations; and 

• In 2019, TVA completed construction of temporary facilities to convert bottom ash handling facilities from wet to 

dry and ceased sending waste streams to the APC. 

2.2 Dry Conversion of CCR Management 

In 2016, TVA began conversion to dry CCR management by constructing a lime-based dry flue gas desulfurization 

system, or “dry scrubber,” at GAF.  In 2019, TVA completed construction of temporary facilities to convert bottom ash 

handling facilities from wet to dry and ceased sending waste streams to the APC. Permanent bottom ash dewatering 

facilities were completed in January 2020, completing the conversion to dry CCR management at GAF.  CCR produced 

at GAF are currently disposed of in the lined on-site NRL landfill, which operates as a Class II solid waste disposal 

facility under TDEC Division of Solid Waste Permit IDL #83-000-0219.  The NRL landfill is located within the Rail Loop 

Site immediately south of Ash Pond A and west of Steam Plant Road. 

Precipitation that falls in the APC is ultimately pumped or discharged to the Stilling Ponds through spillways in Ash 

Pond A or E.  Stilling Ponds B, C, and D are connected via open channels.  In general, water flows from Stilling Pond 

B, to C, to D.  Water from the Stilling Ponds is discharged to the Cumberland River via Outfall 001 (located at the 

western end of Stilling Pond D) under National Pollutant Discharge Elimination System (NPDES) permit TN0005428.   

2.3 CCR Removal Areas and Volumes 

CCR is to be removed from each of the Ponds that comprise the APC.  The total area of the APC is approximately 435 

acres.  The total volume of CCR in the APC is estimated to be approximately 11.8 million cubic yards (cy).  Table 1 

provides a summary of approximate area and CCR volume by pond.   

Table 1.  Summary of Ash Pond Complex Areas and Volumes 

Pond Area (acres) Volume of CCR (cy) 

Ash Pond A 189 5,525,000 

Ash Pond E 146 4,829,700[1] 

Middle Pond A 32 1,040,000 

Bottom Ash Pond 16 400,000 

Stilling Ponds 52 30,000 

TOTALS: 435 11,824,700 

Note: 

[1] Approximately 120,300 cy of CCR that was temporarily stockpiled in Ash Pond E has already been removed and placed in 

Cell 1 of the NRL landfill.  The volume presented herein reflects this. 

An additional approximately 800,000 cy of impacted soils underlying the APC may be removed as part of closure.  The 

volume of impacted soil is based on an estimated one foot of over-excavation beneath the CCR contained within the 
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APC. The actual volume may vary depending upon the results of the source removal verification as described in 

Section 3.7. 

2.4 Inspection and Monitoring Summary 

This section outlines current, ongoing inspection and monitoring activities associated with the APC.  Inspections of the 

Bottom Ash Pond, Middle Pond A, Ash Pond A, and Ash Pond E governed under the CCR Rule are conducted on a 

weekly basis.  The Stilling Pond dikes are not governed under the CCR Rule and are inspected quarterly.  Existing 

instrumentation consisting of standpipe and vibrating wire piezometers have been installed at the APC to monitor site 

conditions and verify the stability of the APC perimeter dike system. Existing instrumentation is provided in the Removal 

Plan drawings provided in Attachment A.  Instrumentation located in the perimeter dike system is automated, allowing 

instrumentation readings to be monitored remotely via TVA’s iSite Central database.  Instruments will continue to be 

monitored for stability of the perimeter dike system during removal activities. Additional instrumentation will be provided 

within the APC to monitor removal activities as described in Section 3.3. 

2.5 Environmental Investigation and Assessment 

In accordance with an earlier agreement and as reflected in the Order, an Environmental Investigation (EI) is being 

conducted for GAF.  In 2017, TVA presented available results in a Draft EAR.  The EI will result in a Final EAR, which 

is being developed as of the date of this Removal Plan and will be submitted to TDEC under separate cover.  Following 

the conclusion of ongoing Phase 2 dye trace activities and TDEC’s concurrence with a proposed permanent 

groundwater monitoring network (including background wells), a Final EAR will be provided to TDEC for review and 

approval.  The EAR presents detailed information regarding the site geology and hydrogeology, existing borings and 

monitoring wells, and the physical (geotechnical) and chemical properties of the CCR and the soils and bedrock 

beneath the APC. Information gathered as part of the EI (including borings and a desktop study of historical drawings 

and surveys) was utilized in the development of this Removal Plan to present the extent of CCR within the APC and 

develop the boundaries of each unit.  

2.6 Water Quality Monitoring 

In accordance with Section 2.i. of the Order, prior to the commencement of removal activities, TVA will develop and 

submit to TDEC for approval a plan for continued monitoring of various locations during the closure process.  This 

Monitoring Plan will include identified outfalls, groundwater monitoring wells, and groundwater inflow locations in the 

Cumberland River. The monitoring well network is based upon the results of the EI presented in the EAR, which will be 

submitted to TDEC under separate cover. Monitoring will begin no later than 30 days following TDEC’s approval of the 

Monitoring Plan.  

2.7 Environmental Review 

Because TVA is a federal agency, it is required to evaluate all significant construction activities under the National 

Environmental Policy Act (NEPA) for potential impacts to the environment.  To meet this requirement, TVA prepared an 

Environmental Impact Statement (EIS) for the GAF Surface Impoundment Closure and Restoration Project, which 

includes CCR removal activities and the proposed SRL landfill (TVA, 2020).  Should an activity be needed that was not 

evaluated as part of the EIS, a review will be performed by TVA to determine the appropriate NEPA analysis required 

prior to conducting that activity.  The EIS is available on TVA’s publicly available website at the following location: 

https://www.tva.com/environment/environmental-stewardship/environmental-reviews/nepa-detail/Gallatin-Surface-

Impoundment-Closure-and-Restoration-Project 

As stated in the EIS (TVA, 2020), TVA determined that impacts from closure by removal of the APC are minor.  The EIS 

Record of Decision (ROD) was completed on 17 September, 2020. 

https://www.tva.com/environment/environmental-stewardship/environmental-reviews/nepa-detail/Gallatin-Surface-Impoundment-Closure-and-Restoration-Project
https://www.tva.com/environment/environmental-stewardship/environmental-reviews/nepa-detail/Gallatin-Surface-Impoundment-Closure-and-Restoration-Project
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3 Removal Plan Activities 

The primary activities associated with closure by removal at the APC are summarized as follows: 

• Install BMPs as indicated in the Storm Water Pollution Prevention Plan (SWPPP); 

• Removal of the free water in the APC and Stilling Ponds by using existing siphons and removing stoplogs in the 

existing spillway structures, then using floating pumps, screened intakes, and pumping through the discharge to 

a NPDES-permitted outfall; 

• Install and operate a WTS to manage interstitial/pore water and contaminated storm water during construction; 

• Dewater the CCR to allow for safe access; 

• Complete CCR excavation from the APC, with sequencing determined by the construction contractor for optimal 

progression; 

• Staging and moisture conditioning of the CCR within the APC prior to transportation for final disposal; 

• Instrumentation and monitoring requirements will be developed in a Surveillance and Instrumentation Monitoring 

Plan (SIMP) prior to construction.  The SIMP will be followed to verify construction phase stability.  Construction 

dewatering will be used as needed to provide stable work areas and slopes; 

• Perform regular inspection for karst feature development and implement repairs of karst features as required 

during CCR removal; 

• Maintain required storm water storage capacity for collected contaminated storm water through the excavation 

process. Contaminated storm water and pore water from dewatering activities will be treated in a WTS prior to 

discharge to a NPDES-permitted outfall; 

• Following removal of CCR from area(s), complete source removal verification testing and potentially 1 ft of soil 

over excavation based on source removal verification results; 

• Grade the area to promote positive drainage and seed for vegetative growth; and 

• Construction of storm water management systems. 

Additional information and details pertaining to these removal activities are provided in the following sections.  

Accompanying Removal Plan Drawings are provided in Attachment A.  At the time of preparing this Plan, a contractor 

has not been selected.  Once selected, the contractor shall be required to prepare an Execution Plan that describes 

the contractor’s proposed methodology, construction sequencing, staging area locations, BMPs, and moisture 

conditioning methods.  This plan shall be submitted to TDEC for review. 

3.1 Removal Plan Drawings 

The Removal Plan Drawings found in Attachment A include the following: 

• Cover Sheet; 

• Existing Conditions Plan; 

• Instrumentation Plan; 

• Bottom of CCR Plan; 

• Final Conditions Plan; 

• Cross-Sections; 

• Existing Dike Details; 

• Existing Spillway Details; 

• Paved Haul Road Details; 
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• Storm Water Management Details; and 

• Temporary CCR Excavation Slope Details. 

These Removal Plan drawings will be further developed and refined during preparation of construction level drawings 

following TDEC approval of the Removal Plan.  In addition, supplemental drawing sets will be prepared on an as-

needed basis to support erosion and sediment control permits, NPDES permit modifications, and other related permits 

as described in Section 6.  

3.2 Dewatering and Water Management 

Prior to excavation activities in each impoundment, free water within the pool areas of the ponds will be removed.  

During excavation, the CCR within the impoundments will be dewatered to improve surface conditions within the APC 

to facilitate equipment access and subsequent excavation.  Pore water removed from the CCR as well as contaminated 

storm water collected during removal activities will be treated during removal activities in a WTS.  A Dewatering Plan is 

provided in Attachment B that provides the details for management of free water, pore water, contaminated storm 

water, and non-contaminated storm water during removal.  The Dewatering Plan also provides definitions of key terms 

associated with the dewatering process, including free water, pore water, and contaminated storm water.  The following 

sections provide a summary of the proposed activities. 

3.2.1 Free Water Removal 

To enable excavation of the APC, free water will be removed from the APC, as necessary.  Free water is proposed to 

be removed in two stages.  A maximum drawdown rate of 1 ft per day will be maintained during free water removal. 

Stage 1 consists of removal of the ponded free water using the current routing of wastewater and storm water from the 

Ash Ponds through the Stilling Ponds to Outfall 001. Stage 2 consists of removing the free water through a WTS, using 

pumping systems, to Outfall 001. Stage 2 for Ash Ponds A and E will commence when CCR removal is ready to begin 

and after Stage 1 free water levels are within 5 ft of the bottom of each pond. Stage 2 for the Stilling Ponds will start 

when CCR removal activities within the Stilling Ponds are ready to commence.  A limited quantity of free water may be 

present at Middle Pond A and the Bottom Ash Pond based on seasonal rainfall; it is anticipated that this water will be 

managed during Stage 3, if needed.  

During free water removal, the effluent limits and monitoring requirements for this discharge will be the same as those 

currently required under the existing NPDES permit Tier 1 effluent limitations and monitoring requirements for Outfall 

001.  

3.2.2 Pore Water Removal 

Stage 3 of dewatering will begin when dewatering of pore water within the CCR begins. Dependent on Contractor 

means and methods (i.e. equipment type and size), removal of pore water may need to begin prior to CCR removal to 

facilitate a stable working platform for construction equipment.  Pore water may be removed using active (e.g., well 

systems) and/or passive (e.g., drainage ditches) dewatering methods. The free water pumping system and WTS utilized 

during Stage 2 would also likely be utilized during Stage 3. The pore water collected from the dewatering ditches and/or 

wells will be conveyed and collected within the APC and conveyed through the WTS.  Treated water may be discharged 

to either Outfall 001 or Outfall 010 depending on contractor sequencing and means and methods. 

Water quality effluent operational thresholds have been developed and are presented in the Dewatering Plan in 

Attachment B to evaluate the water quality of the WTS discharges and NPDES Outfalls receiving WTS discharges.  

3.2.3 Contaminated Storm Water 

As part of Stage 3, collected contaminated storm water within the Bottom Ash Pond, Middle Pond A, Ash Pond A, and 

Ash Pond E will be stored within the ash pond impoundments and pumped to the WTS along with pore water for 

treatment prior to discharge to either Outfall 001 or 010.  Discharge of contaminated storm water to the Stilling Ponds 

will be prevented by maintaining areas within the Ash Ponds to collect and manage collected contaminated storm water 
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before pumping it for treatment.  The areas where contaminated storm water is to be collected will be designed and 

maintained to manage runoff resulting from the 25-year/24-hour storm event.   

Hydrologic and hydraulic (H&H) analysis was performed to evaluate the existing APC storage capacity to verify that 

contaminated storm water can be adequately managed during initial removal activities.  The H&H analysis determined 

that the APC has adequate storage volume to contain the 25-year/24-hour storm without discharging to the Stilling 

Ponds through the Ash Pond A and Ash Pond E spillways.  Supporting calculations are provided in Attachment F.2. As 

CCR is removed from the impoundments, available storage capacity will increase and will be maintained to continue to 

manage the 25-year/24-hour storm event throughout the removal process. 

A Temporary Construction Emergency Action Plan (TCEAP) will be developed prior to starting construction and provided 

to TDEC for review when available.  The TCEAP will outline planned responses to various scenarios, including a 

contingency plan for management of storm events greater than the 25-year/24-hour storm.  

During the period of the project when the Stilling Ponds are cleaned to remove CCR, water within the Stilling Ponds 

will be managed as contaminated storm water and will be sent to the WTS for treatment.   

Once CCR has been excavated from an area within the APC, diversion berms and channels, temporary pumping 

systems, or other means will be used to prevent contaminated storm water from flowing into these areas.  Should 

contaminated storm water inadvertently enter an area where source removal verification has already been completed, 

those areas will be re-tested in accordance with the procedures described in Section 3.7. 

Outfall 001 and 010 will continue to be monitored in accordance with the NPDES Permit and the Dewatering Plan 

provided in Attachment B. Details of the existing spillway structures are provided in the Engineering Plans in 

Attachment A.  

3.2.4 Non-Contaminated Storm Water 

The Stilling Ponds will continue to manage non-contaminated storm water run-on from large offsite areas north of GAF 

during removal activities.  Non-contaminated storm water collected in the Stilling Ponds during the project will be 

managed within the Stilling Ponds and discharged through NPDES Outfall 001.   

In order to minimize generation of contaminated storm water and associated wastewater treatment, non-contaminated 

storm water will be diverted to the Stilling Ponds or areas within the APC from which CCR has been removed.  Diversion 

berms and channels, temporary pumping systems, or other means of diverting non-contaminated storm water may be 

developed as part of detailed engineering design to divert non-contaminated storm water.  The means and methods of 

diverting the non-contaminated storm water will be developed as part of the detailed engineering design.  

As noted in Section 3.2.3, during the period of the project when the Stilling Ponds are cleaned to remove CCR, water 

within the Stilling Ponds will be managed as contaminated storm water and will be sent to the WTS for treatment.  In 

accordance with the Order, following removal of CCR from Stilling Ponds B, C, and D, TVA will submit a plan for 

continued use of Stilling Ponds B, C, and D for storm water management to TDEC for consideration and approval.  

3.3 Surveillance and Instrumentation Monitoring 

During dewatering and excavation within the APC, the interior portions of the perimeter dikes and cut slopes in ash 

may be vulnerable to localized instability and associated slope movements.  A SIMP will be developed to support APC 

closure and to outline the proposed procedures for monitoring the performance of the dikes and construction working 

areas including temporary excavations and slopes.  Existing instrumentation, as described in Section 2.4, may be used 

as part of the instrumentation network for monitoring the performance of the slopes.  However, the SIMP will include a 

plan to install additional piezometers at appropriate locations and depths to monitor pore water pressures during 

dewatering and excavation.  Other additional instrumentation (e.g., inclinometers, surface monuments, etc.) may be 

installed on a case-by-case basis as determined by the means and methods of the contractor and Engineer.  Threshold 

and action levels will be developed for the piezometers (and other instrumentation, if installed) based on slope stability 

analyses and current/assumed piezometric water levels. Where practical, instrumentation will be automated and 

monitored remotely via TVA’s iSite Central database. In addition to instrumentation measurements, the SIMP will also 
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layout a framework for visual observations, by appropriately trained staff, of ash slopes and surfaces, and 

documentation during the construction work.  Following preparation of the SIMP, the plan will be provided to TDEC for 

review. 

A TCEAP will be developed prior to starting construction and provided to TDEC for review when available.  The TCEAP 

will outline planned responses to various scenarios, including contingency plans related to instability during 

construction.  Should an instability or release occur, the TCEAP will be activated and the appropriate steps followed to 

make required contacts and take mitigative actions. 

3.4 Debris Management 
TVA expects to encounter non-CCR debris/waste during excavation of the APC that may not be permitted for disposal 

within the SRL landfill.  The APC contains areas of tree and brush vegetation, rip rap, as well as culvert pipes and other 

structures maintained during the operation of the facility. Vegetation and other construction debris encountered or 

removed during the progression of the work will be assessed for potential to contain CCR constituents.  Any debris that 

may not be disposed of within the SRL landfill will be characterized and staged in a designated collection area within 

the boundaries of the APC until TDEC authorization is granted for disposal of the debris under a minor modification or 

special waste permit, if needed.  The debris may also be disposed of in an approved offsite landfill.  Vegetation will go 

through reduction steps (e.g. chipping, incineration, etc.) to render it for disposal, either in the onsite landfill or, if 

necessary, to an approved offsite landfill. 

3.5 CCR Excavation 

3.5.1 Excavation Rates 

In accordance with Section 2.f of the Order, CCR will be removed from the APC within 20 years of TDEC’s approval of 

this Removal Plan. TVA is anticipating removal of CCR located in the APC and disposal in the SRL landfill over an 

approximately 15-year time period that would commence after permitting and construction of the SRL landfill. Table 2 

provides a summary of the estimated annual and daily waste disposal volumes.   

Table 2.  Summary of Estimated Waste Disposal Volumes 

Cubic Yards/Year Cubic Yards/Day 

800,000 – 1,000,000 3,800 – 4,800 

Note: 

[1] CCR excavation and disposal rates shown are based on CCR disposal rates and proposed 30 acre operational working 

area as presented in the pending SRL landfill class II solid waste permit application developed and submitted to TDEC 

Division of Solid Waste under separate cover.  TVA understands that this assumed working face is subject to TDEC's review 

of the solid waste permit application and may change in the approved permit.  Should the permitted SRL landfill working 

area be less than the assumed 30 acres, recalculation of disposal rates and corresponding changes to removal timelines 

may be necessary. 

As shown in Table 2, TVA estimates excavation rates from the APC ranging from 800,000 cy per year (average) to 

1,000,000 cy per year (maximum).  Therefore, on a daily basis over the 15-year timeframe, the SRL landfill is expected 

to receive approximately 3,800 cy per day on average.  It should be noted that excavation rates presented in Table 2 

are estimates and are subject to change based on conditions encountered in the field, efficiencies that may be found 

in the excavation/dewatering processes, or the size of permitted SRL landfill working area. 

3.5.2 Staging and Moisture Conditioning 

As noted in Section 1, CCR excavated from the APC is planned to be disposed of within the proposed SRL landfill.  

Prior to transportation to the SRL landfill, the excavated CCR must be moisture conditioned to facilitate handling, 

transportation, compaction, and to control fugitive dust emissions.  Excavated CCR may be staged within the APC 

footprint to promote decanting.  Proposed moisture conditioning methods will be submitted by the contractor and 

reviewed by TVA and TVA’s Engineer prior to construction.  Moisture conditioning requirements for placing material in 
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the SRL landfill are set forth in the SRL landfill Operations Manual submitted as part of the Part II Permit Application.  

Staging locations within the APC will need to be reviewed and evaluated for stability by the Engineer.  The excavation 

and staging areas will also be managed consistent with any applicable air permits to control fugitive dust emissions. 

Material will be required to pass the paint filter test, per EPA Method 9095A, prior to transportation to the proposed SRL 

landfill to ensure CCR transported from the APC meets acceptable moisture content requirements. 

3.5.3 Temporary Excavation Slopes 

As excavation within the APC progresses, temporary slopes will be cut in the CCR as various areas reach different 

excavation depths.  As described in Section 3.3, these slopes will be monitored both visually and by using 

instrumentation.  It is important to evaluate the stability of these slopes to verify the safety of the workers and efficient 

progress in excavation of the CCR prior to starting construction.   

Many different slope and dewatering scenarios may be found acceptable. Proposed dewatering and slope 

configurations will depend on the contractor’s proposed means and methods for CCR removal and phasing. The means 

and methods of achieving excavation grades and a particular dewatered state are not dictated in this Removal Plan. 

Therefore, proposed temporary CCR slopes will be evaluated for slope stability and signed and sealed by a licensed 

Professional Engineer (PE) in the State of Tennessee.  The slope stability evaluations will be submitted by the contractor 

and reviewed by TVA and TVA’s Engineer prior to construction. Proposed slope configurations must meet a minimum 

Factor of Safety (FS) of 1.3 for both drained and undrained, static conditions for these interim slopes per United States 

Army Corps of Engineers (USACE) guidance (USACE, 2003).   

The stability analysis performed must provide maximum vertical slope height, consider equipment setbacks from the 

edge of the slope crest, and provide minimum dewatering depths to be achieved while maintaining the temporary 

excavation slope.  The analysis should also consider contingencies to account for downtime during dewatering system 

maintenance, dewatering system failures, or other incidents such as large storm events that could result in seepage 

faces developing. 

In development of this Removal Plan, two example temporary excavation slope geometries were considered and 

analyzed in accordance with these requirements. These two scenarios are based on potential dewatering approaches 

to be taken by the contractor – passive dewatering (e.g., rim ditches, gravity draining) or active dewatering (e.g., well 

points and pumping).  The two slope scenarios are summarized in Table 3, below. 

Table 3.  Example Temporary CCR Excavation Slope Scenarios 

 Passive Dewatering Active Dewatering 

Slope (horizontal : vertical) 10H:1V 5H:1V 

Maximum Vertical Slope Height (ft) 20 10 

Minimum Equipment Setback from Edge of Crest (ft) 100 100 

Minimum Dewatering Depth Below Toe (ft) 5 5 

Minimum Dewatering Depth Below Slope (ft) 5 Varies 

Minimum Dewatering Depth Below Crest (ft) 5 15 

 

Details showing the two temporary slope scenarios are provided in the Removal Plan Drawings, presented in 

Attachment A.  Supporting calculations are provided in Attachment F.1.  The temporary CCR excavation slope 

scenarios presented in Table 3 meet acceptable factors of safety for workers and are therefore acceptable for use in 

construction, unless unanticipated equipment loading or other field conditions warrant a re-evaluation during 

construction.  
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3.5.4 Fugitive Dust Control 

A Perimeter Air Monitoring Plan (PAMP) that supports APC closure will be prepared once a contractor has been 

selected.  The PAMP will be submitted to TDEC for review.  At a minimum, the PAMP will describe: 

• Baseline condition survey to determine Background Threshold Values; 

• Real-time monitoring procedures; 

• Laboratory analytical sampling procedures; 

• Perimeter air monitoring locations; 

• Perimeter air monitoring equipment; 

• Establishment of action levels; 

• Actions to be taken based on detected levels during real-time monitoring and laboratory evaluation; and 

• Reporting requirements. 

The proposed APC Closure activities will be completed in accordance with the PAMP and Fugitive Dust Control Plan 

for GAF.  The Fugitive Dust Control Plan, provided as Attachment E, is a general plan for the day to day operations at 

GAF.  It presents minimum requirements to comply with the existing Construction Permit #978223, which sets forth 

requirements for managing fugitive dust.  TVA will perform the appropriate visual inspections and reporting requirements 

listed in the Construction Permit #978223 throughout the closure project. Note that should the Fugitive Dust Control 

Plan be updated, it would supersede the version provided herein.  The amended Fugitive Dust Control Plan will be 

uploaded to the facility’s operating record and TVA’s public website per the CCR Rule with appropriate notifications to 

TDEC.  Dust control measure best practices (i.e., water trucks) will be implemented during the removal work.  

Furthermore, the GAF Title V Air Permit is being revised to include the removal and hauling activities associated with 

the APC Closure Project.  This air permit revision prescribes monitoring and operational solutions to prevent fugitive 

dust emissions from impacting adjacent landowners or to persons engaged in supervising and operating activities. 

Contractors will be required to develop and implement their own site-specific air monitoring plans in accordance with 

the PAMP and Construction Permit #978223 in order to monitor site conditions and protect workers from potential 

exposures to metals and respirable silica during CCR removal activities.  This plan will be provided as part of the 

contractor developed Health and Safety Plan (HASP) which will be required prior to initiating construction, as discussed 

in Section 5.5. 

3.5.5 Transportation 

An existing paved haul road runs through part of the Bottom Ash Pond and Middle Pond A.  This haul road is used to 

transport material from the GAF Plant to the existing NRL landfill and will also be used to provide transportation of 

excavated CCR from the APC to the proposed SRL landfill from the north.  The haul road will be routinely inspected 

and maintained throughout the life of the APC Closure project.  Temporary CCR excavation slopes (with interim cover) 

or other measures shall be implemented to protect and maintain use of the paved haul roads while allowing excavation 

of adjacent CCR material.  Refer to Attachment A for the location and associated details related to the protection on 

the haul road.  CCR remaining beneath the haul road will be removed at the conclusion of removal activities.  The 

existing road may then be relocated or rebuilt as needed following removal of CCR. 

The contractor may propose alternative material handling/transportation methods (e.g., conveyors or paste technology).  

Appropriate environmental reviews will be performed prior to using these methods/technologies. 

3.5.6 Removal, Relocation, and Decommissioning of Existing 
Structures 

In order to perform CCR removal, several existing structures and features will need to be removed and relocated or 

decommissioned.  Refer to the Removal Plan Drawings provided in Attachment A. The following provides a summary 

of features that will be removed and relocated or decommissioned during removal: 
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• The existing 54-inch diameter high-density polyethylene (HDPE) treated wastewater discharge pipeline from the 

flow management (FM) tanks will be relocated around the perimeter of the APC to allow for CCR removal.  The 

containment tank and final 63-inch Outfall 010 discharge piping located in the southwest corner of Pond E will 

remain in place. During construction of the containment tank and piping, the subgrade for the tank and surrounding 

area was excavated and confirmed to contain no CCR; 

• Existing monitoring wells and instrumentation located within the CCR removal area will be removed and/or 

decommissioned in-place as closure progresses; 

• Existing spillway structures will be removed and/or decommissioned in-place along with dikes containing CCR; 

• Approximately 300,000 cy of soil stockpiles and soil materials contained within the perimeter dike system will be 

removed. Material will be visually inspected during excavation. Removed soil materials may be staged for reuse 

within the APC to construct temporary diversions or berms or for use as structural fill. Materials containing CCR 

will be disposed of in accordance with this Plan; and 

• Appropriate environmental reviews will be performed and any necessary federal, state, or local permits will be 

obtained prior to performing the aforementioned actions. 

3.6 Karst Mitigation 

GAF is located in an area known to exhibit karst terrain (Weary and Doctor, 2014).  During the environmental 

investigation, karst features were identified at GAF and published in a karst inventory completed as part of the ongoing 

EI and submitted to TDEC under separate cover. A Karst Mitigation Plan, provided in Attachment C, has been 

developed to provide information on the locations of existing karst features and the details and locations of existing 

known sinkhole repair areas. In addition, the Karst Mitigation Plan provides guidance for the repair of karst features 

that may develop during closure activities.  It should be noted that as part of site-specific safety training, all personnel 

working on-site shall be trained to be familiar with the contents of the Karst Mitigation Plan and to be able to identify 

karst features or an incipient karst feature.  In addition, and as noted in the Karst Mitigation Plan, all repair plans shall 

be reviewed by a karst specialist who is a PE or Professional Geologist (PG), licensed in Tennessee, with direct 

experience with karst hydrology/geomorphic processes and karst repair.  If a karst drop-out develops during closure 

activities, TVA will immediately notify TDEC and repairs will be made in accordance with the Karst Mitigation Plan. 

Provisions for implementing groundwater monitoring in the event of karst drop-out development will be presented in 

the Monitoring Plan provided under separate cover and described in Section 2.6. 

3.7 Source Removal Verification 

Removal of the CCR (i.e., the source) will be conducted in accordance with TVA’s governing documents which include 

the Interim Source Removal Process (ISRP) (TVA, 2019) and Interim Source Removal Quality Assurance Project Plan 

(ISR QAPP) (Environmental Standards, 2019). TDEC previously reviewed and approved these governing documents 

in 2019.  A Source Removal Construction Quality Assurance Plan (SR CQAP) has been prepared to outline procedures 

for visual inspection and documentation of CCR removal, proposed post-removal soil sampling, and reporting that will 

be provided at the completion of construction to document source removal activities.  A maximum of 1 ft of soil beneath 

the CCR may be over excavated depending on the results of source removal verification testing. The SR CQAP is 

provided as Attachment D. 

3.8 Final Disposition of CCR  

As noted in Section 1, TVA is proposing to excavate the CCR from the APC and place the material within a proposed 

lateral expansion to the existing NRL Landfill.  A Class II solid waste permit application has been developed and 

submitted to TDEC Division of Solid Waste under separate cover.  Placement and compaction requirements for CCR 

at the landfill are presented in the proposed solid waste permit.   

As outlined in Section 2.c. of the Order, TVA may elect to beneficially reuse some portion or all of the CCR removed 

from the APC.  Although this Removal Plan reflects disposal of the CCR in an on-site landfill, TVA is committed to 

evaluating emerging technologies and best practices for further beneficial reuse of CCR and for handling/transportation 

of CCR.  In the future, TVA may choose to beneficially reuse CCR or make use of alternate technologies for CCR 
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handling or transportation (e.g., paste or conveyance technologies).  If TVA does elect to beneficially reuse CCR or 

make use of alternate technologies, material processing and moisture conditioning requirements will be dictated by the 

selected technology and may differ from those presented in this Removal Plan.  In this case, a revised Removal Plan 

would be submitted to TDEC and applicable parties as noted in Section 2.e. of the Order. 

4 Site Restoration 

Site restoration activities will be completed following the CCR removal required by the Order. Areas of the site may be 

restored as removal progresses based on contractor phasing of the work.  However, final site restoration may be 

completed following the 20-year removal timeline required by Section 2.f of the Order.  

At a minimum, the site will be graded to promote positive drainage and adequately manage storm water.  Borrow soils 

from existing on-site soil stockpiles or off-site TVA borrow site may be used during site restoration.  Disturbed areas will 

be re-vegetated in accordance with the SWPPP. 

Post-excavation, the site will resemble the land’s valley shape before the APC was created.  Areas of the site located 

below the Cumberland River’s normal water surface elevation are expected to result in a ponded area over a portion 

of the site. Figure 4-1 illustrates the existing and proposed post-excavation conditions of the APC as presented in this 

Removal Plan. Also shown is the final conditions of the proposed SRL landfill.  
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Figure 4-1.  Existing and Proposed Final Conditions  
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At the time of preparing this Removal Plan, TVA has not determined a preferred approach for restoring or otherwise 

repurposing the site shown in Figure 4-1. Detailed engineering design for storm water management features and the 

discharge of storm water to the Cumberland River will be completed as part of site restoration activities based on the 

final conditions encountered and any proposed future use for the site. Appropriate environmental reviews will be 

performed and any necessary federal, state, or local permits will be obtained prior to any future activities occurring.  

5 Best Management Practices 

5.1 Fuel/Oil Spills 

The following precautions and BMPs will be adhered to during construction.  These are the minimum requirements, 

and more may be necessary depending on varying site conditions: 

• Maintain a dedicated fueling area that is level, protected to prevent stormwater run-on/run-off, and located at least 

50 ft from downstream drainage features or surface water; 

• Large spill kits (55-gallon drums) and individual spill kits (located on closed cab equipment) will be the primary 

means to contain oil and fuel spills; 

• Petroleum products will be stored in approved containers and secondary containment (110 percent capacity, 

minimum) will be used if required; 

• Material safety data sheets (SDS) will be maintained onsite at all times; and 

• Equipment will be inspected daily for worn hoses and seals.  Hydraulic hoses will be wrapped in absorbent pads 

when working near waters of the United States, which includes the Cumberland River. 

5.2 Coal Combustion Residuals Spills 

Excavation, staging, and loading of CCRs will all be done within the footprint of the APC. Grading of CCR will occur 

within the SRL landfill in accordance with the landfill permit. Any spills in these areas will be fully contained within the 

APC or the landfill.  

Transportation of the material will be conducted within the existing boundaries of the CCR facilities and the GAF 

property. Haul routes will be selected to keep material away from the Cumberland River or other waterways.  Any CCR 

that may spill during transportation will be removed using standard earthwork equipment and transported to the SRL 

landfill for disposal. 

5.3 Access Roads 

CCR may be moved within the APC boundary to facilitate construction of temporary access roads and other ancillary 

features, e.g. temporary staging areas, within the APC.  Construction may include the use of geosynthetics and/or stone 

aggregate as needed.  Plans for construction and the proposed locations of any access roads or other features within 

the APC will be reviewed by TVA’s Engineer. 

5.4 Erosion and Sediment Control 

Prior to earth disturbing activities, TVA will apply for coverage under the Tennessee General NPDES Permit for 

Stormwater Discharges from Construction Activities (TNR100000).  BMPs associated with erosion and sediment control 

will be included in a Stormwater Pollution Prevention Plan as described in the Tennessee Erosion & Sediment Control 

Handbook. The SWPPP will include engineering plans detailing the limits of work; work sequence; initial and final 

grading and land cover; and the BMPs to be implemented, maintained, and inspected during and after construction.  

Soil disturbance will be minimized at any given time through sequencing and stabilizing disturbed areas as work 

progresses. The selected contractor will be responsible for establishing and maintaining all BMPs during the project. 
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5.5 Health and Safety 

Each of TVA’s selected contractor(s) and subcontractors will be required to prepare and implement a site-specific HASP 

to establish the health, safety and environmental requirements for workers and the public during the project.  The HASP 

will be provided to TDEC for review and will also be available onsite throughout the duration of the work.  

The HASP will be prepared in accordance with the most recent provisions found in the Federal safety and health 

regulations under 29 CFR Part 1910, Occupational Safety and Health Act (OSHA) of 1970 Standard, 29 CFR Part 

1926, Safety and Health Regulations for Construction; 29 CFR Part 1904, Recording and Reporting Occupational 

Injuries and Illnesses; applicable state Department of Labor regulations, the TVA Safety Manual, and applicable TVA 

Health, Safety, and Environmental Procedures and Guidelines.  At a minimum, the HASP will provide information 

including, but not limited to, the following: 

• Anticipated hazards and hazard mitigation will be discussed, documented and controls established to mitigate 

these hazards; 

• Personal protective equipment (PPE), qualification and training requirements, and personnel medical surveillance 

program requirements; 

• Safety and emergency procedures; 

• Monitoring Plan(s); 

• Health and safety responsibilities; 

• Site control and decontamination; 

• Engineering controls; 

• Standard operating procedures; and 

• Material SDS. 

6 Anticipated Permitting Activities 

Several permitting activities are required to support the removal activities presented in this Removal Plan. Anticipated 

permits may include, but are not limited to, the following: 

• Air quality permit modifications necessary to incorporate removal activities into the existing Title V permit (TDEC); 

• Clean Water Act Section 404 Permit (USACE) and State 401 Water Quality Certification/Aquatic Resource 

Alteration Permit (TDEC) for creation of the ponded area following closure; 

• General or Individual Construction Storm Water Permit (TDEC) for construction activities that result in the 

disturbance of 1 or more acres of soil; 

• An updated TDEC Multisector General Permit Notice of Coverage will be needed for post-construction storm water 

discharges to the ponded area; 

• TDEC Wastewater Plans Approval will be required for WTS; 

• Class II Solid Waste Permit for the Rail Loop Site, SRL landfill (TDEC); and 

• Special waste permits as needed for disposal of any unanticipated wastes encountered during removal. 

TVA will make every effort to develop application materials and obtain the necessary permits such that Removal 

Activities may proceed as outlined in this Removal Plan. 



 

Removal Plan – Rev 1 
Ash Pond Complex 
Tennessee Valley Authority 
Gallatin Fossil Plant 

 

 

GAF_APC_RemovalPlan.docx  16 

7 Reporting 

Progress reports will be prepared on a semi-annual basis to document the status of the APC closure project.  The Semi-

Annual Progress Reports covering January through June and July through December will be submitted to TDEC by 

September 1 of that year and March 1 of the following year, respectively. 

The Semi-Annual Progress Report will include, when applicable, the following: 

• An annual survey and summary of the volume of CCR removed; 

• Source removal verification activities and results; 

• Details of karst repairs; 

• Details of other substantial activities and milestones completed; and 

• An updated project schedule. 

At the conclusion of removal activities, a Final Construction Record Documentation (CRD) Report will be prepared and 

submitted for TDEC’s review.  The CRD Report will be certified, signed, and sealed by a licensed PE in the State of 

Tennessee and will document that the APC removal has been completed in accordance with this Removal Plan. 

8 Schedule 

A schedule for the completion of closure by removal is provided below in Table 4 and Table 5.  TVA anticipates 

completion of removal activities within 20 years of TDEC’s final approval of this Removal Plan. TVA may request 

extensions of time for closure of the APC as approved by TDEC for good cause shown as outlined in Section 2.g of the 

Order. 

Table 4.  Schedule for Required Document Submittals 

Document Submittal Date Approval/Completion Date 

EIS Record of Decision N/A September 2020 (Actual) 

APC Removal Plan (This Document) September 2020 (Actual) 2021 (Assumed) 

APC Monitoring Plan April 2021 (Estimated) 2021 (Assumed) 

APC Groundwater CARA Plan 60 days following APC Removal Plan Approval 2021 (Assumed) 

Class II Solid Waste Permit August 2020 (Actual) January 2022 (Assumed) 
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Table 5.  Estimated Schedule for Construction Activities 

Activity Years Notes 

SRL Landfill Initial Construction 2022 - 2023 Begin CCR removal following landfill construction 

CCR Removal 2024 – 2038 Complete removal 20 years following APC Removal Plan approval 

Dewatering  2021 – 2038 Dewatering may begin following APC Removal Plan approval 

Water Quality Monitoring Begin 2021  Monitoring to begin 30 days following APC Monitoring Plan approval 

Note: 

[1] The schedule presented herein is based on CCR disposal rates and proposed 30 acre operational working area as 

presented in the pending SRL landfill class II solid waste permit application developed and submitted to TDEC Division of 

Solid Waste under separate cover.  TVA understands that this assumed working face is subject to TDEC's review of the 

solid waste permit application and may change in the approved permit.  Refer to Table 2.  Should the permitted SRL 

landfill working area be less than the assumed 30 acres, recalculation of disposal rates and corresponding changes to 

removal timelines may be necessary. 

9 References 

Environmental Standards (2019), Quality Assuarance Project Plan, Tenneesee Valley Authority Source Removal 

Projects, Revision 0, January 2019 

Tennessee Valley Authority (2019), Interim Source Removal Process, January 11, 2019. 
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Weary, D.J., and Doctor, D.H. (2014), Karst in the United States: A digital map compilation and database: U.S. 

Geological Survey Open-File Report 2014–1156, 23 p., http://dx.doi.org/10.3133/ofr20141156. 
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Acronyms 

APC Ash Pond Complex 

BMP Best Management Practice 

CCR Coal Combustion Residual 

CSW Contaminated storm water 

Dewatering Plan Drawdown and Dewatering Plan 

ft feet 

ft NGVD29 Feet National Geodetic Vertical Datum of 1929 

GAF Gallatin Fossil Plant 

mg/L Milligrams per liter 

MGD Million gallons per day 

ng/L Nanograms per liter 

NGVD29 National Geodetic Vertical Datum of 1929 

NPDES National Pollutant Discharge Elimination System 

SRL South Rail Loop 

SU Standard Unit 

TSS Total suspended solids 

TVA Tennessee Valley Authority 

WTS Water Treatment System 
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Definition of Terms 

Free water: Defined as the ponded water remaining within the APC at the time of commencement of free water removal 

activities (start of Stage 1 Dewatering). It is assumed, for the purpose of this Dewatering Plan, that the free water 

volume would be the water volume stored at a normal operating water level.  

Pore water: Defined as the water in the interstitial spaces within the CCR that is able to yield to drains, wells, or 

wellpoints.  The pore water dewatering will be achieved using gravity drains or well systems.  

Contaminated storm water (CSW): Stormwater that flows across or contacts the CCR yet is not otherwise defined as 

leachate.  

Non-contaminated storm water: Defined as storm water flows that do not flow across or come in contact with CCR. 
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1 Introduction 

On July 24, 2019, the Davidson County Chancery Court entered a Consent Order (Order) in Case No. 15-23-IV 

reflecting an agreement between the Tennessee Valley Authority (TVA), the State of Tennessee, the Tennessee 

Department of Environment and Conservation (TDEC), and certain Plaintiff-Interveners to close the Ash Pond Complex 

(APC) located at the Gallatin Fossil Plant (GAF) located near Gallatin, Sumner County, Tennessee.  For purposes of 

the Order, the APC consists of the Bottom Ash Pond, Middle Pond A, Ash Pond A, Ash Pond E, and Stilling Ponds, B, 

C, and D as shown in the site plan provided in Figure 1. 

To enable excavation of the APC, free water will be removed from the APC. Following free water removal and during 

excavation, the coal combustion residuals (CCR) within the APC will be dewatered to improve surface conditions within 

the APC to facilitate equipment access and subsequent excavation. 

This Drawdown and Dewatering Plan (Dewatering Plan) has been developed as part of the overall GAF APC Removal 

Plan.  Following approval of the Removal Plan, TVA will complete detailed engineering design of the project.  The 

objective of this Dewatering Plan is to provide guidance for meeting the GAF National Pollutant Discharge Elimination 

System (NPDES) permit obligations during the free water removal and CCR dewatering activities. This Dewatering 

Plan may be amended as needed based on detailed engineering design, sequencing of removal activities, and 

contractor means and methods. 

2 Background 

The locations of the ponds are shown in Figure 1. A summary of the surface areas and volume of free water contained 

at normal pool elevations for the APC is provided in Table 1 below. The APC has a total surface area of approximately 

435 acres and contains approximately 155.1 million gallons of free water under current conditions. 

Currently at GAF, the water collected within the APC from precipitation is routed from Ash Ponds E and A to the Stilling 

Ponds (Stilling Ponds B, C, and D).  Precipitation that collects in the northern portion of Ash Pond E is removed by 

pumping to the Pond E spillway structure which discharges to Stilling Pond C.  Precipitation from Middle Pond A and 

the Bottom Ash Pond flows through a channel to Ash Pond A.  An open pool of free water exists in Ash Pond A and is 

controlled by a spillway structure and siphon system that discharge to Stilling Pond B.  A limited volume of standing 

water may be present seasonally within Middle Pond A and the Bottom Ash Pond. Relevant spillway detail drawings 

are provided for reference in Attachment A of the APC Removal Plan (Drawings 14 and 15). 

Stilling Ponds B, C, and D contain open pools of water and are connected by open channels such that water collected 

in the Stilling Ponds flows from Pond B to C to D.  Following the removal of process wastewater inflows to Ash Ponds 

A and E, Middle Pond A, and the Bottom Ash Pond in 2019, the water elevations of the APC vary seasonally with rainfall, 

with Stilling Ponds C and D becoming dry during portions of the year.  Outfall 001 is located at the western end of 

Stilling Pond D and discharges water from the APC to the Cumberland River through spillway structures.  Outfall 010 

is located south of Ash Pond E and discharges treated water from the Flow Management (FM) system to the 

Cumberland River.  A pond by pond summary of estimated free water volumes is presented below in Table 1.  
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Table 1.  Summary of Ash Pond Complex Areas and Free Water Volumes 

Pond Area (acres) Normal Pool Elevation 

(ft NGVD29)[1,2] 

Volume of Free Water 

(millions of gallons)[3] 

Ash Pond A 189 463.62 55.3 

Ash Pond E 146 459.42[4] N/A (dry)[4] 

Middle Pond A 32 N/A (dry) N/A (dry)[5] 

Bottom Ash Pond 16 N/A (dry) N/A (dry)[5] 

Stilling Ponds B and C 
27 (Pond B) 

16 (Pond C) 

457.1 

 

84.6 

 

Stilling Pond D 9 456.9 15.2 

TOTALS: 435 -- 155.1 

Notes: 

[1] NGVD29 = National Geodetic Vertical Datum of 1929. 
[2] Water elevation at time of drawdown is assumed to be the normal operating level or spillway (siphon) elevation. It is noted 

that the actual water elevation varies, and the water level may be lower, or the pond may even be nearly dry at time of free 
water drawdown.  

[3] Approximate volume based on normal pool elevation and stage-storage relationships presented in Attachment A. 

[4] Pond E Normal Pool Elevation shown reflects the existing gravity spillway elevation. However, Pond E free water is removed 
via pumping such that the pond is normally dry.  Pond E has the potential for 56.3 million gallons of free water storage below 
the spillway elevation.  

[5] A limited volume of standing water may be present seasonally within Middle Pond A and the Bottom Ash Pond. 

2.1 Effluent Criteria 

Operational parameters presented in subsequent sections of this document have been developed in order to mitigate 

the potential for exceedance of the effluent criteria established in NPDES permit TN0005428 (NPDES permit), with 

effective date of June 1, 2018, and/or causing an exceedance of applicable in-stream Water Quality Standards.  The 

NPDES permit consists of two tiers of effluent limitations and monitoring requirements for Outfall 001: 

• Tier 1 – Effluent limitations and monitoring requirements during current operations and ash pond complex 

dewatering; and 

• Tier 2 – Effluent limitations and monitoring requirements subsequent to ash pond dewatering and conversion to 

wastewater treatment (switch to Outfall 010).  

The NPDES permit discharge effluent limitations and monitoring requirements for Tier 1 and Tier 2 at Outfall 001 are 

provided in Table 2 and Table 3, respectively. The NPDES permit discharge effluent limitations and monitoring 

requirements for Outfall 010 are provided in Table 4. It is expected that Tier 1 limits for Outfall 001 (Table 2) and limits 

for Outfall 010 (Table 4) will apply during APC closure. As indicated on Table 2 through Table 4, compliance monitoring 

frequencies will remain the same as required by the NPDES Permit during closure.  Monthly NPDES compliance 

monitoring results will be included in the Monitoring Plan required per Section 2.i. of the Order. 

3 Free Water Removal and Ash Dewatering 
Sequence 

The free water removal and ash dewatering sequence will be completed in the following stages:  

• Stage 0: Setup 

• Stage 1: Initial Free Water Removal 

• Stage 2: Final Free Water Drawdown 
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• Stage 3: Pore Water Dewatering 

The first stage in the sequence, Stage 0, consists of setting up for free water removal and includes installation of Best 

Management Practice (BMP) systems. Stage 0 may also potentially include setup of monitoring systems (i.e. Turbidity, 

pH).  

Table 5 provides the summary of work for each stage in the sequence.  The sequence of dewatering is also illustrated 

in Figure 2 through Figure 5.  The following subsections provide narrative of the three stages that follow setup, which 

consist of free water removal (Stages 1 and 2) and pore water dewatering (Stage 3). During all of these stages the 

collection of storm water will still require handling. Subsections 3.3 and 3.4 provide narrative of the plan for handling of 

contaminated and non-contaminated storm water during closure of the APC. 

3.1 Free Water Removal Plan 

The ponded areas of free water within the APC are planned for removal and conveyance to the Cumberland River 

through Outfall 001. The free water removal activities are planned to occur before CCR pore water dewatering activities 

commence to support the removal of CCR within the APC. The proposed removal (drawdown) of free water remaining 

in the APC will occur in two stages:  

• Stage 1: Initial Free Water Removal, and  

• Stage 2: Final Free Water Removal. 

Stage 1 consists of removal of the ponded free water using the current routing of wastewater and storm water from the 

Ash Ponds through the stilling ponds to Outfall 001. Stage 2 consists of removal of the free water through a Water 

Treatment System (WTS), using pumping systems, to Outfall 001. Stage 2 for Ash Ponds A and E will commence when 

CCR removal is ready to begin and after Stage 1 free water levels are within 5 feet (ft) of the bottom of each pond. 

Stage 2 for the Stilling Ponds will start when CCR removal activities within the Stilling Ponds are ready to commence. 

The setup and routing for Stage 1 and Stage 2 of the free water removal are shown in Figure 2 and Figure 3, 

respectively. Table 5 describes planned activities for both stages of the free water removal. A limited quantity of free 

water may be present at Middle Pond A and the Bottom Ash Pond based on seasonal rainfall; it is anticipated that this 

water will be managed during Stage 3, if needed. 

The current configuration of the APC including the location of the areas of free water ponds is shown on Figure 1. 

Currently, free water that collects, including storm water, in the northern portion of Ash Pond E is being conveyed to the 

Stilling Ponds by pumping into the Pond E outlet structure spillway. Similarly, free water collects in the northern portion 

of Pond A adjacent to the spillway and siphon and this ponded water conveys to the stilling ponds through the existing 

gravity spillway and siphon. The water from Ponds A and E flow through the stilling ponds and ultimately into the 

Cumberland River through the Pond D (Stilling Pond D) spillway structure.  The proposed routing of ponded water from 

the Ash Ponds during Stage 1 will remain the same as the current operation of the APC. The free water within Ash 

Pond E will continue to be pumped to the Stilling Ponds during Stage 1 of the free water drawdown. The free water 

from the Ash Pond A will be discharged into Stilling Pond B and flow through Stilling Ponds C and D to be discharged 

to the Cumberland River through Outfall 001.  

During Stage 1, the free water will be removed from the Ash Ponds and Stilling Ponds using existing spillway and 

siphons at Pond A and a controlled (planned) removal of stop logs at Stilling Pond D to lower limit of Pond D spillway 

(elevation 454.1 ft NGVD29). It is anticipated that a pump system will be installed at Pond A after the free water level 

reaches the effective lower limit of the siphon system (approximately elevation 462.0 ft NGVD29). The pump at Pond 

A will continue to discharge free water to Stilling Pond B until the water level is within 5 ft of the bottom of the pond 

(elevation 455 ft NGVD29). Free water removal may also include the modification of spillway structures and siphons to 

lower the elevations of the water intake for these structures/systems within Pond A and Stilling Pond D.  Any 

modifications to spillway structures should not impact the ability of the structures to handle the design storm event as 

discussed in Section 3.3.  The relevant design drawings are provided for reference in Attachment A of the APC Removal 

Plan (Drawings 14 and 15). 
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The transition to Stage 2 of the drawdown and dewatering sequence will occur when water levels are within 5 ft of the 

bottom of Pond A and Pond E.  Stage 2 for the Stilling Ponds will start when CCR removal activities within the Stilling 

Ponds are ready to commence.The transition from Stage 1 to Stage 2 may also occur sooner if water quality monitoring 

at Outfall 001 indicates a trend toward exceedance of permitted effluent limits in Table 2 or metals threshold trigger 

levels are exceeded, as introduced in Section 3.5 of this plan. A transition to Stage 2, before water levels reach within 

5 feet of the bottom of the ponds, may also be made based on contractor means and methods.  Free water will be 

lowered within the ponds at a maximum water level drawdown rate of 1-foot per day. 

Stage 2 consists of the installation of a pumping system to remove the remaining free water as shown in Figure 3. The 

switch to a pumping system in Stage 2 will provide the ability for treatment of water using a WTS. The WTS will be used 

to treat the free water pumped from the APC to Outfall 001 to meet the Tier 1 effluent limits for the outfall under the 

existing NPDES permit. Figure 3 shows the preliminary plan for pump locations, discharge pipe routing, and the 

location of the WTS.  Following Stage 2, the WTS may either remain in-place, or the system may be moved adjacent 

to Outfall 010 to support subsequent pore water and contaminated storm water removal and treatment during CCR 

excavation. 

During free water removal, the effluent limits and monitoring requirements for this discharge will be the same as those 

currently required under the existing NPDES permit Tier 1 effluent limitations and monitoring requirements for Outfall 

001 provided in Table 2. The details of this free water drawdown plan and sequence of activities may be subject to 

change based on information gathered in the field and contractor means and methods. 

3.2 Pore Water Removal Plan 

Stage 3 involves the removal of pore water from CCR.  Dependent on Contractor means and methods (i.e. equipment 

type and size), removal of pore water may need to begin prior to CCR removal to facilitate a stable working platform 

for construction equipment. Pore water removal may be accomplished through use of open dewatering (i.e., drainage 

ditches), well systems, and/or horizontal drains.  Discharge of pore water during CCR removal will be conveyed through 

the WTS to either Outfall 001 (Stage 3A) or Outfall 010 (Stage 3B) depending on contractor sequencing and their 

means and methods.  Figure 4 and Figure 5 show the routing of the dewatering discharge to either Outfall 001 or 

Outfall 010, respectively.  Table 5 describes planned activities for Stage 3A and 3B ash dewatering to either Outfall 001 

or Outfall 010, respectively. The free water pumping system installed during Stage 2 will remain during Stage 3. The 

water collected from the dewatering ditches and/or wells will be conveyed and collected within the areas of the two 

suction pump locations in Pond A and Pond E. In Stage 3A, the discharge would be routed through the WTS and 

discharged to Outfall 001. In Stage 3B, the discharge would be routed through the WTS discharged to Outfall 010.  The 

outfall for discharge of treated flows (and thus the use of Stage 3A or 3B) will be selected through the means and 

methods of the closure construction contractor. 

The dewatering flows collected within the Bottom Ash Pond will either be conveyed to Middle Pond A or Pond E using 

a constructed gravity piping through the haul road or a pumping system. No dewatering of pore water is anticipated 

within the Stilling Ponds due to expected de minimus quantities of CCR within these ponds.  

It is anticipated that this plan will change as excavation and dewatering of the APC progresses over the life of the 

removal project. The effluent limits and monitoring requirements for discharge during Stage 3A will be consistent with 

those currently identified as Tier 1 within the current NPDES permit for Outfall 001 listed in Table 2.  The effluent limits 

and monitoring requirements for discharge during Stage 3B will be consistent with those currently required under the 

NPDES permit for Outfall 010 listed in Table 4. 

3.3 Contaminated Storm Water 

As part of Stage 3, collected contaminated storm water within the Bottom Ash Pond, Middle Pond A, Ash Pond A, and 

Ash Pond E will be collected within the ash pond impoundments and pumped to the WTS along with pore water for 

treatment prior to discharge to either Outfall 001 or 010, as described in Section 3.2.  Discharge of contaminated storm 

water to the Stilling Ponds will be prevented by maintaining areas within the Ash Ponds to collect and manage collected 

contaminated storm water before pumping it for treatment.  The areas where contaminated storm water is to be 

collected will be designed and maintained to manage runoff resulting from the 25-year, 24-hour storm event.  The APC 
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has adequate storage volume to contain the 25-year, 24-hour storm without discharging to the Stilling Ponds.  As CCR 

is removed from the impoundments, available storage capacity will increase and will be maintained to continue to 

manage the 25-year, 24-hour storm event throughout the removal process. A Temporary Construction Emergency 

Action Plan (TCEAP) will be developed prior to starting construction and provided to TDEC for review when available.  

The TCEAP will outline planned responses to various scenarios, including a contingency plan for management of storm 

events greater than the 25-year/24-hour storm. 

Planning for potential reduction in the generation of contaminated storm water will be part of the final design for closure. 

The reduction of the generation of contaminated storm water may consist of using temporary liners, diversion berms 

and sump-pumps for capture and diversion of non-contaminated storm water as closure excavation progresses.   

During the period of the project when the Stilling Ponds are cleaned to remove CCR, water within the Stilling Ponds 

will be managed as contaminated storm water and will be sent to the WTS for treatment. Otherwise, during removal 

activities, the Stilling Ponds will be maintained for management of non-contaminated storm water as described in the 

following section. 

3.4 Non-Contaminated Storm Water 

The Stilling Ponds will continue to manage non-contaminated storm water run-on from large offsite areas north of GAF 

during removal activities.  Non-contaminated storm water collected in the Stilling Ponds during the project will be 

managed within the Stilling Ponds and discharged through NPDES Outfall 001.   

In order to minimize generation of contaminated storm water and associated wastewater treatment, non-contaminated 

storm water will be diverted to the Stilling Ponds or areas within the APC from which CCR has been removed.  Diversion 

berms and channels, pumping systems, or other means of diverting non-contaminated storm water may be developed 

as part of detailed engineering design to divert non-contaminated storm water.  The means and methods of diverting 

the non-contaminated storm water will be developed as part of the detailed engineering design.  

As noted in Section 3.3, during the period of the project when the Stilling Ponds are cleaned to remove CCR, water 

within the Stilling Ponds will be managed as contaminated storm water and will be sent to the WTS for treatment.  In 

accordance with the Order, following removal of CCR from Stilling Ponds B, C, and D, TVA will submit a plan for 

continued use of Stilling Ponds B, C, and D for storm water management to TDEC for consideration and approval.  

3.5 Water Quality Effluent Operational Thresholds 

During closure, a WTS will be utilized to treat removed free water, pore water, and contaminated storm water.  As 

previously noted, the discharge from the WTS may be routed to either Outfall 001 or Outfall 010 depending on the 

stage of dewatering and/or the means and methods of the closure construction contractor.  

To evaluate the operation of the WTS system and to maintain water quality of the discharge from the WTS, TVA is 

proposing a Dewatering Operational Assessment Point to be located at the discharge of the WTS.  The Dewatering 

Operational Assessment Point will be established during Stage 1 and monitoring will start when the WTS is operational 

in Stage 2. Monitoring of total suspended solids (TSS), pH, and temperature within the free water ponds at Pond A and 

E during Stage 1 will occur on weekly basis to evaluate water quality of flows conveying to the stilling ponds. Beginning 

at Stage 2, the Dewatering Operational Assessment Point will be located upstream of either Outfall 001 or Outfall 010, 

prior to mixing of the WTS discharges with other outfall flows. Monitoring of TSS, pH, and temperature at the Dewatering 

Operational Assessment Point will occur on a weekly basis.  Table 6 provides the parameters and proposed water 

quality effluent operational thresholds that will be monitored at the Dewatering Operational Assessment Point. These 

operational thresholds will be measured on a weekly basis. 

Tables 7 and 8 provide the parameters and proposed water quality effluent operational thresholds that will be monitored 

at Outfalls 001 and 010, respectively. To evaluate the water quality of the Outfall receiving WTS discharges, water 

quality effluent operational thresholds have also been developed for Outfall 001 and 010. Should the operational 

thresholds in Table 6 be exceeded for the Dewatering Operation Assessment Point, TVA will also monitor the receiving 

outfall and compare to either Table 7 or Table 8. 
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Table 6 through Table 8 include maximum operational threshold concentrations for parameters which have water 

quality standards. These thresholds were calculated by reasonable potential analysis method. The analysis was used 

to validate that the permitted effluent, following discharge to Cumberland River, is non-toxic to fish and aquatic life 

would not cause an exceedance of Water Quality Criteria for Fish and Aquatic Life (considering a 1Q10 [1 day, 10 year] 

river flow rate of 552 million gallons per day [MGD]), and would not exceed human health-related drinking water 

standards. These water-quality monitoring thresholds have been established for wastewater effluent flow rates of 3.7 

MGD at the WTS assessment point, 4.8 MGD at Outfall 001 and 29.66 MGD at Outfall 010 when combined with effluent 

from the FM. If the actual discharge flow rates differ from these values, then limits would be either increased (for a 

lower flow rate) or decreased (for a higher flow rate), so the net loading (in pounds per day [lbs/day]) would remain 

stable.  Parameters without water quality standards were not assigned operational thresholds. 

3.6 Water Treatment System 

The use of a WTS is included in the planned routing of free water flows during Stage 2 (pumping). During Stage 3, all 

of the dewatering and contaminated storm water flows will be routed through the WTS.  Figure 6 shows the basic flow 

diagram for routing through a WTS, to be used during free water removal and the CCR pore water dewatering. The 

WTS is a mobile, physical-chemical treatment plant consisting of either one to multiple treatment trains, depending on 

the flow (pumping) rates expected during removal.  Each train may consist of: (a) equalization, (b) chemical treatment 

for pH neutralization, and (c) filtration. It is anticipated that the WTS would consist of basic media filtration methods 

(i.e., sand filter) and pH control. The WTS may also include an optional advanced filtration module, which may not be 

required but is included in the schematic for the contingency of providing more aggressive treatment for metals. The 

type and use of a WTS may be subject to change based on information gathered in the field and contractor means and 

methods. TVA and the Contractor may select to use the existing FM treatment system if capacity allows for use.  Filter 

media from the WTS or FM system may be placed within the South Rail Loop (SRL) Landfill in accordance with the 

SRL Landfill Part II Permit Application. The design of the WTS will be provided to TDEC following the selection of a 

contractor and their development of the detailed design. 

As described in Section 3.5., a Dewatering Operational Assessment Point will be established for monitoring the treated 

discharge of the WTS. The Dewatering Operational Assessment Point (operational sampling point) will be established 

between Stage 1 and Stage 2. The operational sampling point will be located downstream of the WTS to sample the 

effluent from the WTS. 

3.7 Drawdown and Dewatering Sequence 

The sequential stages to remove the free water in the APC and dewater the CCR are summarized in Table 5. The 

stages are illustrated on Figure 2 through Figure 5.  However, the proposed sequential steps may be subject to change 

based on conditions encountered in the field. 

4 Water Quality and Flow Rate Monitoring 

TVA currently monitors water quality of the APC effluent at Outfall 001 and of the FM system effluent at Outfall 010. The 

monitoring will continue to occur at the Outfalls during all Stages of the free water drawdown and ash dewatering at the 

currently-permitted frequencies as indicated on Table 2 and Table 4.  

The sampling and monitoring for metals will occur on a monthly basis at Outfall 001 and Outfall 010 as required by the 

NPDES permit.  As noted above, sampling and monitoring at the Dewatering Operational Assessment Point established 

downstream of the WTS will occur weekly. The Dewatering Operational Assessment Point will allow for operational 

monitoring of water quality at a higher frequency to assure of the adequate operation of the WTS. If operational 

thresholds are exceeded at the Dewatering Operational Assessment Point, that will trigger a comparison of the receiving 

outfall against calculated operational thresholds for Outfall 001 (Table 7) or Outfall 010 (Table 8). 

 

It is expected that there will be operational water quality monitoring during the free water removal and dewatering for 

the purpose of operation of the WTS. The WTS will include in-line monitoring to monitor influent water quality and 
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effluent water quality. The output from each monitoring device (flow meters, turbidity meter, pH meter) will be routed to 

a data logger. Field monitoring devices (turbidity and pH monitoring devices) may be installed, as required for operation 

of WTS, in the APC. These field monitoring devices would monitor changes in TSS (using turbidity meters) and pH 

during each phase of the free water removal and dewatering for the purposes of the operation of the WTS. Field 

sampling data, which may include pH, turbidity, and other site-specific parameters (i.e. precipitation) will be maintained 

in the office trailer in the daily log and in a spreadsheet. 

5 Contingency Plan 

Water quality monitoring results may indicate that contingency actions should be implemented to reduce the potential 

for an NPDES threshold exceedance occurring.  A Trigger/Action matrix table of the monitoring thresholds and trigger 

limits with the corresponding actions to be taken is included in Attachment B.  

 



 

 

TABLES 



 

 

Table 2.  Tier 1 Effluent Limits and Monitoring Requirements from NPDES permit TN0005428 – Outfall 001 

Parameter Qualifier Value Unit Sample Type 
Monitoring 

Frequency 
Statistical Base 

pH  >=  6  SU  Grab  Weekly  Minimum  

pH  <=  9  SU  Grab  Weekly  Maximum  

Total Suspended Solids (TSS)  <=  28  mg/L  Grab  Monthly  Monthly Average  

Total Suspended Solids (TSS)  <=  93  mg/L  Grab  Monthly  Daily Maximum  

Oil & Grease  <=  18  mg/L  Grab  Monthly  Daily Maximum  

Oil & Grease  <=  14  mg/L  Grab  Monthly  Monthly Average  

Sulfate, total (as SO4)  Report  -  mg/L  Grab  Quarterly  Value  

Fluoride, total (as F)  Report  -  mg/L  Grab  Quarterly  Value  

Arsenic, total (as As)  Report  -  mg/L  Grab  Monthly  Value  

Barium, total (as Ba)  Report  -  mg/L  Grab  Monthly  Value  

Beryllium, total (as Be)  Report  -  mg/L  Grab  Monthly  Value  

Boron, total (as B)  Report  -  mg/L  Grab  Quarterly  Value  

Cadmium, total (as Cd)  Report  -  mg/L  Grab  Monthly  Value  

Chromium, total (as Cr)  Report  -  mg/L  Grab  Monthly  Value  

Copper, total (as Cu)  Report  -  mg/L  Grab  Monthly  Value  

Iron, total (as Fe)  Report  -  mg/L  Grab  Monthly  Value  

Lead, total (as Pb)  Report  -  mg/L  Grab  Monthly  Value  

Thallium, total (as Tl)  Report  -  mg/L  Grab  Monthly  Value  

Molybdenum, total (as Mo)  Report  -  mg/L  Grab  Quarterly  Value  

Nickel, total (as Ni)  Report  -  mg/L  Grab  Monthly  Value  

Silver, total (as Ag)  Report  -  mg/L  Grab  Monthly  Value  

Zinc, total (as Zn)  Report  -  mg/L  Grab  Monthly  Value  

Antimony, total (as Sb)  Report  -  mg/L  Grab  Monthly  Value  

Aluminum, total (as Al)  Report  -  mg/L  Grab  Monthly  Value  

Lithium, total (as Li)  Report  -  mg/L  Grab  Quarterly  Value  

Selenium, total (as Se)  Report  -  mg/L  Grab  Monthly  Value  

Radium 226 + Radium 228, total  Report  -  mg/L  Grab  Quarterly  Value  

Flow  Report  -  Mgal/d  Instantaneous  Weekly  Daily Maximum  

Flow  Report  -  Mgal/d  Instantaneous  Weekly  Monthly Average  

IC25 Static Renewal 7 Day Chronic 

Ceriodaphnia  
>=  3.6  %  Composite  

Once per 

permit cycle  
Minimum  

IC25 Static Renewal 7 Day Chronic 

Pimephales  
>=  3.6  %  Composite  

Once per 

permit cycle  
Minimum  

Calcium, total (as CA)  Report  -  mg/L  Grab  Quarterly  Value  

Total Dissolved Solids (TDS)  Report  -  mg/L  Grab  Quarterly  Value  

Mercury, total (as Hg)  Report  -  ng/L  Grab  Monthly  Value  

mg/L – milligrams per liter 

SU – Standard Unit 

  



 

 

Table 3.  Tier 2 Effluent Limits and Monitoring Requirements from NPDES permit TN0005428 – Outfall 001 

Parameter  Qualifier  Value  Unit  Sample Type  
Monitoring 

Frequency  
Statistical Base  

pH  >=  6.0  SU  Grab  Weekly  Minimum  

pH  <=  9.0  SU  Grab  Weekly  Maximum  

Total Suspended Solids (TSS)  <=  28  mg/L  Grab  Monthly Monthly Average  

Total Suspended Solids (TSS)  <=  93  mg/L  Grab  Monthly Daily Maximum  

Oil & Grease  <=  18  mg/L  Grab  Monthly  Daily Maximum  

Oil & Grease  <=  14  mg/L  Grab  Monthly  Monthly Average  

Arsenic, total (as As)  Report  -  mg/L  Grab  Monthly Value  

Barium, total (as Ba)  Report  -  mg/L  Grab  Monthly Value  

Beryllium, total (as Be)  Report  -  mg/L  Grab  Monthly Value  

Cadmium, total (as Cd)  Report  -  mg/L  Grab  Monthly  Value  

Chromium, total (as Cr)  Report  -  mg/L  Grab  Monthly  Value  

Copper, total (as Cu)  Report  -  mg/L  Grab  Monthly  Value  

Iron, total (as Fe)  Report  -  mg/L  Grab  Monthly Value  

Lead, total (as Pb)  Report  -  mg/L  Grab  Monthly  Value  

Thallium, total (as Tl)  Report  -  mg/L  Grab  Monthly  Value  

Nickel, total (as Ni)  Report  -  mg/L  Grab  Monthly  Value  

Silver, total (as Ag)  Report  -  mg/L  Grab  Monthly  Value  

Zinc, total (as Zn)  Report  -  mg/L  Grab  Monthly  Value  

Antimony, total (as Sb)  Report  -  mg/L  Grab  Monthly  Value  

Aluminum, total (as Al)  Report  -  mg/L  Grab  Monthly  Value  

Selenium, total (as Se)  Report  -  mg/L  Grab  Monthly  Value  

Flow  Report  -  Mgal/d  Instantaneous  Weekly  Monthly Average  

Flow  Report  -  Mgal/d  Instantaneous  Weekly  Daily Maximum  

Mercury, total (as Hg)  Report  -  ng/L  Grab  Monthly  Value  

IC25 Static Renewal 7 Day Chronic 

Ceriodaphnia  
>=  3.6  %  Composite  

Once per 

permit cycle  
Minimum  

IC25 Static Renewal 7 Day Chronic 

Pimephales  
>=  3.6  %  Composite  

Once per 

permit cycle  
Minimum  

ng/L – nanograms per liter 

  



 

 

Table 4.  Effluent Limits and Monitoring Requirements from NPDES permit TN0005428 – Outfall 010 

Parameter  Qualifier  Value  Unit  Sample Type  
Monitoring 
Frequency  

Statistical Base  

pH  >=  6.0  SU  Grab  Weekly  Minimum  

pH  <=  9.0  SU  Grab  Weekly  Maximum  

Total Suspended Solids (TSS)  <=  28  mg/L  Grab  Monthly  Monthly Average  

Total Suspended Solids (TSS)  <=  93  mg/L  Grab  Monthly  Daily Maximum  

Oil & Grease  <=  18  mg/L  Grab  Monthly  Daily Maximum  

Oil & Grease  <=  14  mg/L  Grab  Monthly  Monthly Average  

Arsenic, total (as As)  Report  -  mg/L  Grab  Monthly  Value  

Barium, total (as Ba)  Report  -  mg/L  Grab  Monthly  Value  

Beryllium, total (as Be)  Report  -  mg/L  Grab  Monthly  Value  

Cadmium, total (as Cd)  Report  -  mg/L  Grab  Monthly  Value  

Chromium, total (as Cr)  Report  -  mg/L  Grab  Monthly  Value  

Copper, total (as Cu)  Report  -  mg/L  Grab  Monthly  Value  

Iron, total (as Fe)  Report  -  mg/L  Grab  Monthly  Value  

Lead, total (as Pb)  Report  -  mg/L  Grab  Monthly  Value  

Thallium, total (as Tl)  Report  -  mg/L  Grab  Monthly  Value  

Nickel, total (as Ni)  Report  -  mg/L  Grab  Monthly  Value  

Silver, total (as Ag)  Report  -  mg/L  Grab  Monthly  Value  

Zinc, total (as Zn)  Report  -  mg/L  Grab  Monthly  Value  

Antimony, total (as Sb)  Report  -  mg/L  Grab  Monthly  Value  

Aluminum, total (as Al)  Report  -  mg/L  Grab  Monthly  Value  

Selenium, total (as Se)  Report  -  mg/L  Grab  Monthly  Value  

Flow  Report  -  Mgal/d  Instantaneous  Weekly  Monthly Average  

Flow  Report  -  Mgal/d  Instantaneous  Weekly  Daily Maximum  

Mercury, total (as Hg)  Report  -  ng/L  Grab  Monthly  Value  

IC25 Static Renewal 7 Day Chronic 
Ceriodaphnia  

>=  3.6  %  Composite  
Once per 
permit cycle  

Minimum  

IC25 Static Renewal 7 Day Chronic 
Pimephales  

>=  3.6  %  Composite  
Once per 
permit cycle  

Minimum  

 

 

  



 

 

Table 5.  Dewatering Stages 

Stage 

No.[1] 
Stage Work Task Description 

Estimated 

Independent 

Stage 

Duration[2] 

Estimated Pool Level or Nominal 

Ash Elevation 

(ft NGVD29[3]) 

0 Set Up 

1. Implement Best Management Practices (BMPs) 

2. Set up contingency water quality monitoring instrumentation 
equipment to measure turbidity (TSS), pH, and temperature 

within the free water pools of each pond, as required for 

utilization by water treatment operations.  

2 weeks (1 

months) 

Current Pond Levels at start of 

closure construction 

1 Initial Free Water Removal (Maximum drawdown rate of 1 foot per 

day) 

1. Remove stop logs at Stilling Pond D to start the initial drawdown 

of the Stilling Ponds until the free water is drawn down to water 

surface elevation (WSE) 454.1 ft.  

2. Begin monitoring turbidity, pH, and temperature at the free water 

ponds to monitor water quality conveying to Stilling Ponds.[4]  

3. Concurrent with step 1, use existing siphons and spillways to 
draw down the water in Pond A to WSE 462 ft (effective lower 

limit of siphon). 

4. Install pumping system at Pond A, setup to discharge to Stilling 
Pond B. After step 3 is complete to WSE 462 ft, start pumping 

system and drawdown to within 5 ft of bottom (WSE 455 ft). 

5. Concurrent with steps 1 through 4, use the existing pump in Pond 

E to pump water into Stilling Ponds, through existing Pond E 
spillway, such that the water in Pond E is drawn down to within 5 

ft of bottom (WSE 450 ft). 

6. Install the remaining pumping systems for Stage 2 free water 

removal within Stilling Ponds (Pond B, Pond C, and Pond D). 

7. Install the WTS for the treatment of the pumped water during 

Stage 2. 

8. Establish the Dewatering Operational Assessment Point 

downstream of the WTS. 

9. When the water in the stilling ponds has drained to the respective 

target elevations, replace the stop logs and proceed to Stage 2. 

12 to 16 

weeks (3 to 4 

months) 

Ash Pond A: 463.6 ft (spillway intake 

elevation) 

Stilling Pond B & C: 457.1 ft 

Stilling Pond D: 456.9 ft (operating 

level) 

Ash Pond E: 459.4 ft (spillway intake 

elevation) 

2 Final Free Water Removal (Maximum drawdown rate of 1 foot per 

day) 

1. Setup turbidity, pH, and temperature monitoring stations within 

the free water areas, and start monitoring. 

2. Setup in-line monitoring of turbidity, pH, and temperature 

upstream (influent) and downstream (effluent) of the WTS.  

3. Complete site-specific system training for pumping system and 

WTS. 

4. Start-up test run(s) and commissioning of free water removal 

system. 

5. Switch over to the free water removal pumping and the WTS 
bypass system, and begin monitoring TSS, pH, temperature, and 

total flow at the influent and effluent side of the WTS. 

6. Route discharge from pumping system at Pond E to the WTS. 

7. Pump water from Pond A through the WTS to Outfall 001. 

8. Commence pumping water from Ponds B, C, and D through the 

WTS to Outfall 001 when the CCR removal activities commence 

within the Stilling Ponds. 

9. The WTS will discharge to Outfall 001. 

12 to 18 

weeks[5] (3 to 

4.5 months) 

Ash Pond A: 455 ft (5 ft from the 

bottom of the pond) 

Stilling Pond B & C: 454.1 ft (~5 ft 

from the bottom of the pond) 

Stilling Pond D: 454.1 ft (lower limit 

of spillway outlet, within about 7 ft 

from bottom of pond) 

Ash Pond E: 450 ft (5 ft from bottom 

of pond) 

  

 

 

 

 

 

 

  



 

 

Stage 

No.[1] 
Stage Work Task Description 

Estimated 

Independent 

Stage 

Duration[2] 

Estimated Pool Level or Nominal 

Ash Elevation 

(ft NGVD29[3]) 

3A Pore Water and Contaminated Storm Water Removal  

1. Construct dewatering collection sumps within the footprints of 

Pond A and Pond E to collect dewatering flows. 

2. Retain the free water removal pump system and WTS at the 

edge of Stilling Pond D near Outfall 001. 

3. Excavate dewatering ditches in Pond A and Pond E to channel 

water toward the sumps; install shallow wellpoints to evacuate 

additional water from the ash if required. 

4. Continue monitoring turbidity and pH at monitoring stations within 
the free water areas; continue in-line monitoring of turbidity, pH, 
and temperature upstream of the WTS; begin monitoring TSS, 

pH, temperature, and total flow at both the influent and effluent 

side of the WTS. 

216 months 

(18 years) 

Existing Pore Water and all 

Contaminated Storm Water 

Removed (initial free water removal 

completed)  

3B Pore Water and Contaminated Storm Water Removal  

1. Construct dewatering collection sumps within the footprints of 
Pond A and Pond E to collect dewatering flows and continue use 

of pumps installed during Stage 1 and 2.  

2. Move the free water removal pump and WTS from the edge of 

Stilling Pond D near Outfall 001 to the southern end of Pond E 

near Outfall 010.  

3. Excavate dewatering ditches in Pond A and Pond E to channel 
water toward the sumps; install shallow wellpoints to evacuate 

additional water from the ash if required. 

4. Pump water through WTS for discharge to Outfall 010, following 
treatment.  Continue monitoring turbidity and pH at monitoring 

stations within the free water areas; continue in-line monitoring of 
turbidity, pH, and temperature upstream of the WTS; begin 
monitoring TSS, pH, temperature, and total flow at both the 

influent and effluent side of the WTS. 

216 months 

(18 years) 

Existing Pore Water and all 

Contaminated Storm Water 

Removed (initial free water removal 

completed) 

 

Notes: 

[1] The proposed sequence may be subject to change based on conditions encountered in the field. 

[2] The stages are independent of one another and can commence simultaneously if necessary.  
[3] NGVD29 = National Geodetic Vertical Datum of 1929. 
[4] Monitoring will continue to occur at the Outfalls 001 and 010 during all Stages of the free water drawdown and ash 

dewatering at the currently-permitted frequencies as indicated on Table 2 and Table 4. 
[5] Pumping on a 24-hour, 7-day a week schedule assumed for the duration of Stage 2 

  



 

 

Table 6.  Proposed Monitoring Parameters – Dewatering Operational Assessment Point at Estimated 

Discharge of 3.76 MGD 

Parameter Unit Average Monthly 

Threshold 

Maximum Daily Threshold Sampling Frequency 

pH  SU 6 - 9 6 - 9  Weekly  

Total Suspended Solids (TSS)  mg/L  28  93  Weekly  

Oil & Grease  mg/L 14  18  Weekly  

Sulfate, total (as SO4)  mg/L  -  -  Weekly  

Fluoride, total (as F)  mg/L   -  -  Weekly 

Arsenic mg/L 0.72 25.212 Weekly 

Barium mg/L 148.436 NA Weekly 

Beryllium mg/L 0.297 NA Weekly 

Boron mg/L - - Weekly 

Cadmium mg/L 0.228 0.568 Weekly 

Chromium2 mg/L 0.816 1.187 Weekly 

Copper mg/L 2.512 3.740 Weekly 

Iron mg/L - - Weekly 

Lead mg/L 0.353 26.118 Weekly 

Thallium mg/L 0.148 NA Weekly 

Molybdenum mg/L - - Weekly 

Nickel mg/L 7.311 141.265 Weekly 

Silver mg/L 7.422 0.204 Weekly 

Zinc mg/L 58.124 57.653 Weekly 

Antimony mg/L 0.416 NA Weekly 

Aluminum mg/L - - Weekly 

Lithium mg/L - - Weekly 

Selenium mg/L 0.334 1.448 Weekly 

Radium 226 + Radium 228, total mg/L - - Quarterly  

Flow  Mgal/d  -  - Weekly 

Calcium, total (as CA)  mg/L  -  - Weekly 

Total Dissolved Solids (TDS)  mg/L  -  - Weekly 

Mercury mg/L 0.004 0.104 Weekly 

     

Notes: 
[1] Weekly monitoring of TSS and pH will also be performed at the Dewatering Operational Assessment Point. TSS estimations 

will be generated using Turbidity measurement instruments as indicated in Table 5. Should the operational thresholds in 

Table 6 be exceeded for the Dewatering Operation Assessment Point, TVA will perform a single sampling and testing of 
the receiving outfall and compare to either Table 7 or Table 8.  

[2] The threshold value for total chromium is equivalent to Chromium IV, the most stringent threshold when comparing 

Chromium IV and III.  In the event of an exceedance of the total chromium threshold at the WTS assessment point, TVA 
will evaluate the threshold at the outfall to the Cumberland River (outfall 001 or 010). Should this value be exceeded, TVA 
may choose to sample separately for Chromium IV and III at the WTS and evaluate against speciated thresholds. 

 
  



 

 

Table 7.  Proposed Monitoring Parameters – Outfall 001 at Estimated Discharge of 4.8 MGD 

Parameter Unit Average Monthly 

Threshold 

Maximum Daily 

Threshold 

Sampling Frequency 

pH  SU 6 - 9 6 - 9  Weekly  

Total Suspended Solids (TSS)  mg/L  28  93  Monthly  

Oil & Grease  mg/L 14  18  Monthly  

Sulfate, total (as SO4)  mg/L  -  -  Quarterly 

Fluoride, total (as F)  mg/L   -  -  Quarterly 

Arsenic  mg/L 0.560 19.606 Monthly 

Barium mg/L 115.428 NA Monthly 

Beryllium mg/L 0.231 NA Monthly 

Boron mg/L - - Quarterly 

Cadmium mg/L 0.177 0.442 Monthly 

Chromium mg/L 0.635 0.923 Monthly 

Copper mg/L 1.953 2.908 Monthly 

Iron mg/L - - Monthly 

Lead mg/L 0.274 20.310 Monthly 

Thallium mg/L 0.115 NA Monthly 

Molybdenum mg/L - - Quarterly 

Nickel mg/L 5.686 109.852 Monthly 

Silver mg/L 5.771 0.159 Monthly 

Zinc mg/L 45.199 44.832 Monthly 

Antimony mg/L 0.323 NA Monthly 

Aluminum mg/L - - Monthly 

Lithium mg/L - - Quarterly 

Selenium mg/L 0.260 1.126 Monthly 

Radium 226 + Radium 228, total mg/L - - Quarterly 

Flow  Mgal/d  -  - Weekly 

Calcium, total (as CA)  mg/L  -  - Quarterly 

Total Dissolved Solids (TDS)  mg/L  -  - Quarterly 

Mercury mg/L 0.003 0.081 Monthly 

     

  



 

 

Table 8.  Proposed Monitoring Parameters – Outfall 010 at Estimated Discharge of 29.66 MGD 

Parameter Unit Average Monthly 

Threshold 

Maximum Daily 

Threshold 

Sampling Frequency 

pH  SU 6 - 9 6 - 9  Weekly  

Total Suspended Solids (TSS)  mg/L  28  93  Monthly  

Oil & Grease  mg/L 14  18  Monthly  

Sulfate, total (as SO4)  mg/L  -  -  Quarterly 

Fluoride, total (as F)  mg/L   -  -  Quarterly 

Arsenic  mg/L 0.095 3.331 Monthly 

Barium mg/L  19.608 NA Monthly 

Beryllium mg/L  0.039 NA Monthly 

Boron mg/L - - Quarterly 

Cadmium mg/L  0.03 0.075 Monthly 

Chromium mg/L  0.108 0.157 Monthly 

Copper mg/L  0.332 0.494 Monthly 

Iron mg/L  - - Monthly 

Lead mg/L  0.047 3.450 Monthly 

Thallium mg/L  0.02 NA Monthly 

Molybdenum mg/L - - Quarterly 

Nickel mg/L  0.966 18.662 Monthly 

Silver mg/L  0.980 0.027 Monthly 

Zinc mg/L  7.678 7.616 Monthly 

Antimony mg/L  0.055 NA Monthly 

Aluminum mg/L  - - Monthly 

Lithium mg/L - - Quarterly 

Selenium mg/L  0.044 0.191 Monthly 

Radium 226 + Radium 228, total mg/L - - Quarterly 

Flow  Mgal/d  -  - Weekly 

Calcium, total (as CA)  mg/L  -  - Quarterly 

Total Dissolved Solids (TDS)  mg/L  -  - Quarterly 

Mercury mg/L  0 0.014 Monthly 
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Figure 6.  Free Water Removal and Ash Pond Dewatering Water Treatment System Schematic 
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Attachment A – Stage-Storage Relationship
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Stage-Storage Relationship Data – Pond A 

Elevation Depth  Surface Area Cumulative Volume  

(ft, NGVD29) (ft) (sq-ft) (cubic-ft) (MG) 

450.00 0.00 0 0 0.00 

450.12 0.12 5,903 2,952 0.02 

450.24 0.24 11,807 5,903 0.04 

450.36 0.36 17,710 8,855 0.07 

450.48 0.48 23,614 11,807 0.09 

450.60 0.60 29,517 14,759 0.11 

450.72 0.72 35,420 17,710 0.13 

450.84 0.84 41,324 20,662 0.15 

450.96 0.96 47,227 23,614 0.18 

451.08 1.08 52,743 30,307 0.23 

451.20 1.20 58,064 38,871 0.29 

451.32 1.32 63,386 47,435 0.35 

451.44 1.44 68,707 55,999 0.42 

451.56 1.56 74,029 64,564 0.48 

451.68 1.68 79,350 73,128 0.55 

451.80 1.80 84,672 81,692 0.61 

451.92 1.92 89,993 90,256 0.68 

452.04 2.04 94,875 100,374 0.75 

452.16 2.16 98,879 113,601 0.85 

452.28 2.28 102,882 126,828 0.95 

452.40 2.40 106,885 140,054 1.05 

452.52 2.52 110,889 153,281 1.15 

452.64 2.64 114,892 166,507 1.25 

452.76 2.76 118,895 179,734 1.34 

452.88 2.88 122,899 192,960 1.44 

453.00 3.00 126,902 206,187 1.54 

453.12 3.12 135,200 225,564 1.69 

453.24 3.24 143,499 244,942 1.83 

453.36 3.36 151,797 264,319 1.98 

453.48 3.48 160,095 283,697 2.12 

453.60 3.60 168,394 303,074 2.27 

453.72 3.72 176,692 322,452 2.41 

453.84 3.84 184,991 341,829 2.56 

453.96 3.96 193,289 361,206 2.70 

454.08 4.08 202,979 386,812 2.89 

454.20 4.20 213,364 415,531 3.11 

454.32 4.32 223,749 444,250 3.32 

454.44 4.44 234,135 472,970 3.54 

454.56 4.56 244,520 501,689 3.75 

454.68 4.68 254,906 530,408 3.97 

454.80 4.80 265,291 559,128 4.18 



 

 

Elevation Depth  Surface Area Cumulative Volume  

(ft, NGVD29) (ft) (sq-ft) (cubic-ft) (MG) 

454.92 4.92 275,676 587,847 4.40 

455.04 5.04 286,692 620,343 4.64 

455.16 5.16 298,968 660,393 4.94 

455.28 5.28 311,244 700,443 5.24 

455.40 5.40 323,520 740,493 5.54 

455.52 5.52 335,796 780,543 5.84 

455.64 5.64 348,072 820,593 6.14 

455.76 5.76 360,348 860,643 6.44 

455.88 5.88 372,624 900,693 6.74 

456.00 6.00 384,900 940,743 7.04 

456.12 6.12 400,927 994,945 7.44 

456.24 6.24 416,955 1,049,146 7.85 

456.36 6.36 432,982 1,103,348 8.25 

456.48 6.48 449,009 1,157,550 8.66 

456.60 6.60 465,037 1,211,751 9.06 

456.72 6.72 481,064 1,265,953 9.47 

456.84 6.84 497,091 1,320,155 9.88 

456.96 6.96 513,119 1,374,356 10.28 

457.08 7.08 529,785 1,439,562 10.77 

457.20 7.20 546,771 1,510,271 11.30 

457.32 7.32 563,757 1,580,979 11.83 

457.44 7.44 580,743 1,651,687 12.36 

457.56 7.56 597,729 1,722,396 12.88 

457.68 7.68 614,715 1,793,104 13.41 

457.80 7.80 631,701 1,863,812 13.94 

457.92 7.92 648,687 1,934,521 14.47 

458.04 8.04 665,164 2,010,636 15.04 

458.16 8.16 680,621 2,097,566 15.69 

458.28 8.28 696,079 2,184,497 16.34 

458.40 8.40 711,537 2,271,427 16.99 

458.52 8.52 726,994 2,358,357 17.64 

458.64 8.64 742,452 2,445,287 18.29 

458.76 8.76 757,910 2,532,217 18.94 

458.88 8.88 773,367 2,619,147 19.59 

459.00 9.00 788,825 2,706,078 20.24 

459.12 9.12 803,515 2,808,081 21.01 

459.24 9.24 818,205 2,910,085 21.77 

459.36 9.36 832,895 3,012,089 22.53 

459.48 9.48 847,585 3,114,093 23.30 

459.60 9.60 862,275 3,216,097 24.06 

459.72 9.72 876,965 3,318,101 24.82 

459.84 9.84 891,654 3,420,105 25.58 



 

 

Elevation Depth  Surface Area Cumulative Volume  

(ft, NGVD29) (ft) (sq-ft) (cubic-ft) (MG) 

459.96 9.96 906,344 3,522,109 26.35 

460.08 10.08 917,311 3,635,080 27.19 

460.20 10.20 926,416 3,753,533 28.08 

460.32 10.32 935,520 3,871,987 28.96 

460.44 10.44 944,625 3,990,441 29.85 

460.56 10.56 953,730 4,108,894 30.74 

460.68 10.68 962,835 4,227,348 31.62 

460.80 10.80 971,939 4,345,802 32.51 

460.92 10.92 981,044 4,464,255 33.39 

461.04 11.04 990,149 4,582,709 34.28 

461.16 11.16 999,254 4,701,163 35.17 

461.28 11.28 1,008,358 4,819,616 36.05 

461.40 11.40 1,017,463 4,938,070 36.94 

461.52 11.52 1,026,568 5,056,524 37.83 

461.64 11.64 1,035,673 5,174,977 38.71 

461.76 11.76 1,044,777 5,293,431 39.60 

461.88 11.88 1,053,882 5,411,885 40.48 

462.00 12.00 1,062,987 5,530,339 41.37 

462.12 12.12 1,070,229 5,659,454 42.34 

462.24 12.24 1,077,471 5,788,569 43.30 

462.36 12.36 1,084,713 5,917,685 44.27 

462.48 12.48 1,091,478 6,048,719 45.25 

462.60 12.60 1,097,575 6,182,441 46.25 

462.72 12.72 1,103,673 6,316,162 47.25 

462.84 12.84 1,109,770 6,449,883 48.25 

462.96 12.96 1,115,868 6,583,604 49.25 

463.08 13.08 1,121,965 6,717,325 50.25 

463.20 13.20 1,128,063 6,851,047 51.25 

463.32 13.32 1,134,161 6,984,768 52.25 

463.44 13.44 1,140,197 7,118,871 53.25 

463.56 13.56 1,145,561 7,257,169 54.29 

463.68 13.68 1,150,925 7,395,468 55.32 

463.80 13.80 1,156,289 7,533,767 56.36 

463.92 13.92 1,161,653 7,672,066 57.39 

464.04 14.04 1,167,364 7,811,941 58.44 

464.16 14.16 1,173,767 7,954,970 59.51 

464.28 14.28 1,180,171 8,098,000 60.58 

464.40 14.40 1,186,575 8,241,029 61.65 

464.52 14.52 1,192,978 8,384,058 62.72 

464.64 14.64 1,199,382 8,527,088 63.79 

464.76 14.76 1,205,786 8,670,117 64.86 

464.88 14.88 1,212,189 8,813,146 65.93 



 

 

Elevation Depth  Surface Area Cumulative Volume  

(ft, NGVD29) (ft) (sq-ft) (cubic-ft) (MG) 

465.00 15.00 1,218,593 8,956,176 67.00 

465.12 15.12 1,257,523 9,141,336 68.38 

465.24 15.24 1,296,452 9,326,497 69.77 

465.36 15.36 1,335,382 9,511,658 71.15 

465.48 15.48 1,374,311 9,696,819 72.54 

465.60 15.60 1,413,241 9,881,979 73.92 

465.72 15.72 1,452,170 10,067,140 75.31 

465.84 15.84 1,491,100 10,252,301 76.69 

465.96 15.96 1,530,029 10,437,461 78.08 

466.08 16.08 1,568,959 10,622,622 79.46 

466.20 16.20 1,607,889 10,807,783 80.85 

466.32 16.32 1,646,818 10,992,944 82.23 

466.44 16.44 1,685,748 11,178,104 83.62 

466.56 16.56 1,724,677 11,363,265 85.00 

466.68 16.68 1,763,607 11,548,426 86.39 

466.80 16.80 1,802,536 11,733,586 87.77 

466.92 16.92 1,841,466 11,918,747 89.16 

467.04 17.04 1,879,645 12,122,998 90.69 

467.16 17.16 1,916,324 12,365,427 92.50 

467.28 17.28 1,953,002 12,607,857 94.31 

467.40 17.40 1,989,681 12,850,286 96.13 

467.52 17.52 2,026,360 13,092,716 97.94 

467.64 17.64 2,063,038 13,335,145 99.75 

467.76 17.76 2,099,717 13,577,575 101.57 

467.88 17.88 2,136,395 13,820,005 103.38 

468.00 18.00 2,173,074 14,062,434 105.19 

468.12 18.12 2,202,713 14,338,023 107.26 

468.24 18.24 2,232,353 14,613,611 109.32 

468.36 18.36 2,261,992 14,889,200 111.38 

468.48 18.48 2,291,631 15,164,788 113.44 

468.60 18.60 2,321,270 15,440,377 115.50 

468.72 18.72 2,350,910 15,715,965 117.56 

468.84 18.84 2,380,549 15,991,554 119.63 

468.96 18.96 2,410,188 16,267,142 121.69 

469.08 19.08 2,484,444 16,616,987 124.30 

469.20 19.20 2,581,009 17,003,960 127.20 

469.32 19.32 2,677,573 17,390,932 130.09 

469.44 19.44 2,774,138 17,777,905 132.99 

469.56 19.56 2,870,703 18,164,878 135.88 

469.68 19.68 2,967,267 18,551,850 138.78 

469.80 19.80 3,063,832 18,938,823 141.67 

469.92 19.92 3,160,396 19,325,796 144.57 



 

 

Elevation Depth  Surface Area Cumulative Volume  

(ft, NGVD29) (ft) (sq-ft) (cubic-ft) (MG) 

470.04 20.04 3,256,961 19,712,769 147.46 

470.16 20.16 3,353,525 20,099,741 150.36 

470.28 20.28 3,450,090 20,486,714 153.25 

470.40 20.40 3,546,654 20,873,687 156.15 

470.52 20.52 3,643,219 21,260,659 159.04 

470.64 20.64 3,739,783 21,647,632 161.94 

470.76 20.76 3,836,348 22,034,605 164.83 

470.88 20.88 3,932,912 22,421,577 167.73 

471.00 21.00 4,029,477 22,808,550 170.62 

471.12 21.12 4,179,768 23,374,748 174.86 

471.24 21.24 4,330,059 23,940,945 179.09 

471.36 21.36 4,480,350 24,507,142 183.33 

471.48 21.48 4,630,642 25,073,340 187.56 

471.60 21.60 4,780,933 25,639,537 191.80 

471.72 21.72 4,931,224 26,205,734 196.03 

471.84 21.84 5,081,515 26,771,932 200.27 

471.96 21.96 5,231,806 27,338,129 204.50 

472.08 22.08 5,382,097 27,904,327 208.74 

472.20 22.20 5,407,146 27,998,693 209.44 
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Stage-Storage Relationship Data – Ponds B & C 

Elevation Cumulative Volume 

(ft, NGVD29) (acre-ft) (cubic-ft) (MG) 

449 0 0 0.00 

449.12 2.855 124,364 0.93 

449.24 5.709 248,683 1.86 

449.36 8.564 373,047 2.79 

449.48 11.419 497,410 3.72 

449.6 14.273 621,730 4.65 

449.72 17.128 746,094 5.58 

449.84 19.983 870,457 6.51 

449.96 22.837 994,777 7.44 

450.08 25.044 1,090,914 8.16 

450.2 26.927 1,172,937 8.77 

450.32 28.81 1,254,961 9.39 

450.44 30.693 1,336,984 10.00 

450.56 32.575 1,418,964 10.61 

450.68 34.458 1,500,987 11.23 

450.8 36.341 1,583,010 11.84 

450.92 38.224 1,665,034 12.46 

451.04 40.376 1,758,775 13.16 

451.16 43.069 1,876,081 14.03 

451.28 45.761 1,993,345 14.91 

451.4 48.453 2,110,608 15.79 

451.52 51.145 2,227,871 16.67 

451.64 53.837 2,345,134 17.54 

451.76 56.53 2,462,441 18.42 

451.88 59.222 2,579,704 19.30 

452 61.914 2,696,968 20.17 

452.12 65.372 2,847,598 21.30 

452.24 68.83 2,998,228 22.43 

452.36 72.287 3,148,814 23.55 

452.48 75.745 3,299,445 24.68 

452.6 79.203 3,450,075 25.81 

452.72 82.661 3,600,705 26.94 

452.84 86.119 3,751,335 28.06 

452.96 89.576 3,901,922 29.19 

453.08 93.489 4,072,371 30.46 

453.2 97.63 4,252,753 31.81 

453.32 101.77 4,433,091 33.16 

453.44 105.911 4,613,473 34.51 

453.56 110.051 4,793,811 35.86 

453.68 114.192 4,974,192 37.21 

453.8 118.332 5,154,530 38.56 



 

 

Elevation Cumulative Volume 

(ft, NGVD29) (acre-ft) (cubic-ft) (MG) 

453.92 122.473 5,334,912 39.91 

454.04 126.799 5,523,352 41.32 

454.16 131.497 5,727,996 42.85 

454.28 136.195 5,932,641 44.38 

454.4 140.893 6,137,285 45.91 

454.52 145.592 6,341,973 47.44 

454.64 150.29 6,546,617 48.97 

454.76 154.988 6,751,262 50.50 

454.88 159.686 6,955,906 52.03 

455 164.384 7,160,551 53.56 

455.12 169.462 7,381,748 55.22 

455.24 174.54 7,602,945 56.87 

455.36 179.618 7,824,142 58.53 

455.48 184.697 8,045,383 60.18 

455.6 189.775 8,266,580 61.84 

455.72 194.853 8,487,777 63.49 

455.84 199.931 8,708,974 65.15 

455.96 205.009 8,930,172 66.80 

456.08 210.299 9,160,603 68.53 

456.2 215.694 9,395,609 70.28 

456.32 221.089 9,630,615 72.04 

456.44 226.484 9,865,620 73.80 

456.56 231.879 10,100,626 75.56 

456.68 237.274 10,335,632 77.32 

456.8 242.669 10,570,637 79.07 

456.92 248.064 10,805,643 80.83 

457.04 253.646 11,048,794 82.65 

457.16 259.6 11,308,150 84.59 

457.28 265.555 11,567,549 86.53 

457.4 271.509 11,826,905 88.47 

457.52 277.463 12,086,261 90.41 

457.64 283.418 12,345,660 92.35 

457.76 289.372 12,605,015 94.29 

457.88 295.327 12,864,415 96.23 

458 301.281 13,123,770 98.17 

458.12 307.889 13,411,614 100.33 

458.24 314.498 13,699,501 102.48 

458.36 321.106 13,987,345 104.63 

458.48 327.714 14,275,189 106.79 

458.6 334.322 14,563,033 108.94 

458.72 340.931 14,850,920 111.09 

458.84 347.539 15,138,764 113.25 



 

 

Elevation Cumulative Volume 

(ft, NGVD29) (acre-ft) (cubic-ft) (MG) 

458.96 354.147 15,426,608 115.40 

459.08 361.155 15,731,876 117.68 

459.2 368.364 16,045,899 120.03 

459.32 375.572 16,359,879 122.38 

459.44 382.78 16,673,859 124.73 

459.56 389.988 16,987,838 127.08 

459.68 397.196 17,301,818 129.43 

459.8 404.404 17,615,798 131.78 

459.92 411.613 17,929,821 134.12 

460.04 419.019 18,252,426 136.54 

460.16 426.822 18,592,324 139.08 

460.28 434.626 18,932,265 141.62 

460.4 442.429 19,272,163 144.17 

460.52 450.232 19,612,061 146.71 

460.64 458.035 19,951,959 149.25 

460.76 465.839 20,291,900 151.79 

460.88 473.642 20,631,798 154.34 

461 481.445 20,971,696 156.88 

461.12 493.124 21,480,432 160.68 

461.24 504.803 21,989,168 164.49 

461.36 516.482 22,497,904 168.30 

461.48 528.161 23,006,640 172.10 

461.6 539.84 23,515,376 175.91 

461.72 551.519 24,024,112 179.71 

461.84 563.198 24,532,849 183.52 

461.96 574.877 25,041,585 187.32 

462.08 584.536 25,462,330 190.47 

462.2 593.185 25,839,079 193.29 

462.32 601.835 26,215,872 196.11 

462.44 610.484 26,592,622 198.93 

462.56 619.133 26,969,372 201.74 

462.68 627.782 27,346,121 204.56 

462.8 636.431 27,722,871 207.38 

462.92 645.081 28,099,664 210.20 

463.04 653.73 28,476,413 213.02 

463.16 662.379 28,853,163 215.84 

463.28 671.028 29,229,913 218.65 

463.4 679.677 29,606,662 221.47 

463.52 688.327 29,983,455 224.29 

463.64 696.976 30,360,205 227.11 

463.76 705.625 30,736,954 229.93 

463.88 714.274 31,113,704 232.75 



 

 

Elevation Cumulative Volume 

(ft, NGVD29) (acre-ft) (cubic-ft) (MG) 

464 722.923 31,490,454 235.56 

464.12 731.573 31,867,247 238.38 

464.24 740.222 32,243,996 241.20 

464.36 748.871 32,620,746 244.02 

464.48 757.52 32,997,495 246.84 

464.6 766.169 33,374,245 249.66 

464.72 774.819 33,751,038 252.48 

464.84 783.468 34,127,788 255.29 

464.96 792.117 34,504,537 258.11 
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Stage-Storage Relationship Data – Pond D 

Elevation Cumulative Volume 

(ft, NGVD29) (acre-ft) (cubic-ft) (MG) 

447 0 0 0.00 

447.12 0.018 784 0.01 

447.24 0.037 1,612 0.01 

447.36 0.055 2,396 0.02 

447.48 0.073 3,180 0.02 

447.6 0.092 4,008 0.03 

447.72 0.11 4,792 0.04 

447.84 0.129 5,619 0.04 

447.96 0.147 6,403 0.05 

448.08 0.296 12,894 0.10 

448.2 0.511 22,259 0.17 

448.32 0.726 31,624 0.24 

448.44 0.941 40,990 0.31 

448.56 1.156 50,355 0.38 

448.68 1.371 59,721 0.45 

448.8 1.586 69,086 0.52 

448.92 1.801 78,451 0.59 

449.04 2.072 90,256 0.68 

449.16 2.454 106,896 0.80 

449.28 2.837 123,579 0.92 

449.4 3.22 140,263 1.05 

449.52 3.603 156,946 1.17 

449.64 3.986 173,630 1.30 

449.76 4.368 190,270 1.42 

449.88 4.751 206,953 1.55 

450 5.134 223,637 1.67 

450.12 5.625 245,024 1.83 

450.24 6.115 266,369 1.99 

450.36 6.606 287,757 2.15 

450.48 7.096 309,101 2.31 

450.6 7.587 330,489 2.47 

450.72 8.077 351,833 2.63 

450.84 8.568 373,221 2.79 

450.96 9.058 394,566 2.95 

451.08 9.612 418,698 3.13 

451.2 10.198 444,224 3.32 

451.32 10.784 469,750 3.51 

451.44 11.369 495,233 3.70 

451.56 11.955 520,759 3.90 

451.68 12.54 546,241 4.09 

451.8 13.126 571,767 4.28 



 

 

Elevation Cumulative Volume 

(ft, NGVD29) (acre-ft) (cubic-ft) (MG) 

451.92 13.712 597,293 4.47 

452.04 14.325 623,996 4.67 

452.16 14.996 653,224 4.89 

452.28 15.666 682,409 5.10 

452.4 16.336 711,595 5.32 

452.52 17.006 740,780 5.54 

452.64 17.676 769,965 5.76 

452.76 18.347 799,193 5.98 

452.88 19.017 828,379 6.20 

453 19.687 857,564 6.42 

453.12 20.423 889,624 6.65 

453.24 21.159 921,684 6.89 

453.36 21.895 953,744 7.13 

453.48 22.631 985,804 7.37 

453.6 23.367 1,017,864 7.61 

453.72 24.103 1,049,924 7.85 

453.84 24.839 1,081,984 8.09 

453.96 25.575 1,114,044 8.33 

454.08 26.349 1,147,760 8.59 

454.2 27.142 1,182,303 8.84 

454.32 27.935 1,216,846 9.10 

454.44 28.728 1,251,389 9.36 

454.56 29.521 1,285,932 9.62 

454.68 30.314 1,320,475 9.88 

454.8 31.107 1,355,018 10.14 

454.92 31.9 1,389,561 10.39 

455.04 32.709 1,424,801 10.66 

455.16 33.55 1,461,435 10.93 

455.28 34.391 1,498,069 11.21 

455.4 35.232 1,534,702 11.48 

455.52 36.073 1,571,336 11.75 

455.64 36.914 1,607,970 12.03 

455.76 37.755 1,644,604 12.30 

455.88 38.596 1,681,238 12.58 

456 39.437 1,717,872 12.85 

456.12 40.339 1,757,163 13.14 

456.24 41.241 1,796,454 13.44 

456.36 42.142 1,835,701 13.73 

456.48 43.044 1,874,992 14.03 

456.6 43.946 1,914,283 14.32 

456.72 44.848 1,953,574 14.61 

456.84 45.75 1,992,865 14.91 



 

 

Elevation Cumulative Volume 

(ft, NGVD29) (acre-ft) (cubic-ft) (MG) 

456.96 46.651 2,032,113 15.20 

457.08 47.613 2,074,018 15.51 

457.2 48.605 2,117,229 15.84 

457.32 49.596 2,160,397 16.16 

457.44 50.588 2,203,608 16.48 

457.56 51.58 2,246,820 16.81 

457.68 52.572 2,290,031 17.13 

457.8 53.563 2,333,199 17.45 

457.92 54.555 2,376,410 17.78 

458.04 55.574 2,420,798 18.11 

458.16 56.646 2,467,494 18.46 

458.28 57.719 2,514,234 18.81 

458.4 58.792 2,560,974 19.16 

458.52 59.865 2,607,713 19.51 

458.64 60.938 2,654,453 19.86 

458.76 62.01 2,701,149 20.21 

458.88 63.083 2,747,889 20.56 

459 64.156 2,794,629 20.91 

459.12 65.317 2,845,202 21.28 

459.24 66.478 2,895,775 21.66 

459.36 67.639 2,946,348 22.04 

459.48 68.8 2,996,921 22.42 

459.6 69.961 3,047,494 22.80 

459.72 71.122 3,098,067 23.18 

459.84 72.283 3,148,640 23.55 

459.96 73.444 3,199,213 23.93 

460.08 74.669 3,252,574 24.33 

460.2 75.927 3,307,373 24.74 

460.32 77.184 3,362,127 25.15 

460.44 78.441 3,416,882 25.56 

460.56 79.699 3,471,680 25.97 

460.68 80.956 3,526,435 26.38 

460.8 82.213 3,581,190 26.79 

460.92 83.471 3,635,988 27.20 

461.04 84.755 3,691,919 27.62 

461.16 86.092 3,750,159 28.05 

461.28 87.429 3,808,398 28.49 

461.4 88.766 3,866,638 28.92 

461.52 90.103 3,924,878 29.36 

461.64 91.44 3,983,117 29.80 

461.76 92.777 4,041,357 30.23 

461.88 94.114 4,099,596 30.67 



 

 

Elevation Cumulative Volume 

(ft, NGVD29) (acre-ft) (cubic-ft) (MG) 

462 95.451 4,157,836 31.10 

462.12 96.833 4,218,036 31.55 

462.24 98.214 4,278,192 32.00 

462.36 99.596 4,338,392 32.45 

462.48 100.978 4,398,592 32.90 

462.6 102.36 4,458,791 33.35 

462.72 103.741 4,518,948 33.80 

462.84 105.123 4,579,147 34.25 

462.96 106.505 4,639,347 34.70 

463.08 107.886 4,699,503 35.15 

463.2 109.268 4,759,703 35.61 

463.32 110.65 4,819,903 36.06 

463.44 112.032 4,880,103 36.51 

463.56 113.413 4,940,259 36.96 

463.68 114.795 5,000,459 37.41 

463.8 116.177 5,060,659 37.86 

463.92 117.559 5,120,858 38.31 

464.04 118.94 5,181,015 38.76 

464.16 120.322 5,241,214 39.21 

464.28 121.704 5,301,414 39.66 

464.4 123.085 5,361,570 40.11 

464.52 124.467 5,421,770 40.56 

464.64 125.849 5,481,970 41.01 

464.76 127.231 5,542,170 41.46 

464.88 128.612 5,602,326 41.91 

465 129.994 5,662,526 42.36 
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Stage-Storage Relationship Data – Pond E 

Elevation Depth  Surface Area Cumulative Volume  

(ft, NGVD29) (ft) (sq-ft) (cubic-ft) (MG) 

445 0 411 0 0.00 

445.07 0.07 1,320 483 0.00 

445.14 0.14 2,228 966 0.01 

445.21 0.21 3,137 1,449 0.01 

445.28 0.28 4,045 1,932 0.01 

445.35 0.35 4,954 2,415 0.02 

445.42 0.42 5,863 2,898 0.02 

445.49 0.49 6,771 3,381 0.03 

445.56 0.56 7,680 3,865 0.03 

445.63 0.63 8,588 4,348 0.03 

445.7 0.7 9,497 4,831 0.04 

445.77 0.77 10,406 5,314 0.04 

445.84 0.84 11,314 5,797 0.04 

445.91 0.91 12,223 6,280 0.05 

445.98 0.98 13,131 6,763 0.05 

446.05 1.05 14,249 7,999 0.06 

446.12 1.12 15,450 9,537 0.07 

446.19 1.19 16,651 11,075 0.08 

446.26 1.26 17,852 12,613 0.09 

446.33 1.33 19,053 14,151 0.11 

446.4 1.4 20,254 15,689 0.12 

446.47 1.47 21,455 17,227 0.13 

446.54 1.54 22,656 18,765 0.14 

446.61 1.61 23,857 20,302 0.15 

446.68 1.68 25,058 21,840 0.16 

446.75 1.75 26,259 23,378 0.17 

446.82 1.82 27,460 24,916 0.19 

446.89 1.89 28,661 26,454 0.20 

446.96 1.96 29,862 27,992 0.21 

447.03 2.03 31,844 30,435 0.23 

447.1 2.1 34,870 34,086 0.25 

447.17 2.17 37,895 37,737 0.28 

447.24 2.24 40,920 41,388 0.31 

447.31 2.31 43,945 45,039 0.34 

447.38 2.38 46,970 48,690 0.36 

447.45 2.45 49,995 52,341 0.39 

447.52 2.52 53,020 55,992 0.42 

447.59 2.59 56,045 59,643 0.45 

447.66 2.66 59,071 63,293 0.47 

447.73 2.73 62,096 66,944 0.50 

447.8 2.8 65,121 70,595 0.53 



 

 

Elevation Depth  Surface Area Cumulative Volume  

(ft, NGVD29) (ft) (sq-ft) (cubic-ft) (MG) 

447.87 2.87 68,146 74,246 0.56 

447.94 2.94 71,171 77,897 0.58 

448.01 3.01 74,654 82,209 0.61 

448.08 3.08 80,884 90,488 0.68 

448.15 3.15 87,115 98,767 0.74 

448.22 3.22 93,345 107,045 0.80 

448.29 3.29 99,576 115,324 0.86 

448.36 3.36 105,806 123,603 0.92 

448.43 3.43 112,037 131,881 0.99 

448.5 3.5 118,267 140,160 1.05 

448.57 3.57 124,497 148,439 1.11 

448.64 3.64 130,728 156,717 1.17 

448.71 3.71 136,958 164,996 1.23 

448.78 3.78 143,189 173,275 1.30 

448.85 3.85 149,419 181,553 1.36 

448.92 3.92 155,650 189,832 1.42 

448.99 3.99 161,880 198,111 1.48 

449.06 4.06 167,838 211,594 1.58 

449.13 4.13 173,751 225,944 1.69 

449.2 4.2 179,664 240,294 1.80 

449.27 4.27 185,577 254,645 1.90 

449.34 4.34 191,490 268,995 2.01 

449.41 4.41 197,403 283,346 2.12 

449.48 4.48 203,316 297,696 2.23 

449.55 4.55 209,229 312,046 2.33 

449.62 4.62 215,141 326,397 2.44 

449.69 4.69 221,054 340,747 2.55 

449.76 4.76 226,967 355,097 2.66 

449.83 4.83 232,880 369,448 2.76 

449.9 4.9 238,793 383,798 2.87 

449.97 4.97 244,706 398,148 2.98 

450.04 5.04 250,413 415,775 3.11 

450.11 5.11 255,966 435,858 3.26 

450.18 5.18 261,519 455,941 3.41 

450.25 5.25 267,071 476,024 3.56 

450.32 5.32 272,624 496,107 3.71 

450.39 5.39 278,177 516,190 3.86 

450.46 5.46 283,729 536,274 4.01 

450.53 5.53 289,282 556,357 4.16 

450.6 5.6 294,835 576,440 4.31 

450.67 5.67 300,388 596,523 4.46 

450.74 5.74 305,941 616,606 4.61 



 

 

Elevation Depth  Surface Area Cumulative Volume  

(ft, NGVD29) (ft) (sq-ft) (cubic-ft) (MG) 

450.81 5.81 311,493 636,690 4.76 

450.88 5.88 317,046 656,773 4.91 

450.95 5.95 322,599 676,856 5.06 

451.02 6.02 328,180 698,540 5.23 

451.09 6.09 333,832 724,226 5.42 

451.16 6.16 339,485 749,911 5.61 

451.23 6.23 345,138 775,597 5.80 

451.3 6.3 350,790 801,283 5.99 

451.37 6.37 356,443 826,969 6.19 

451.44 6.44 362,095 852,655 6.38 

451.51 6.51 367,747 878,340 6.57 

451.58 6.58 373,400 904,026 6.76 

451.65 6.65 379,052 929,712 6.95 

451.72 6.72 384,705 955,398 7.15 

451.79 6.79 390,358 981,084 7.34 

451.86 6.86 396,010 1,006,769 7.53 

451.93 6.93 401,663 1,032,455 7.72 

452 7 407,315 1,058,141 7.92 

452.07 7.07 411,459 1,088,725 8.14 

452.14 7.14 415,602 1,119,309 8.37 

452.21 7.21 419,746 1,149,893 8.60 

452.28 7.28 423,890 1,180,476 8.83 

452.35 7.35 428,033 1,211,060 9.06 

452.42 7.42 432,177 1,241,644 9.29 

452.49 7.49 436,321 1,272,228 9.52 

452.56 7.56 440,464 1,302,812 9.75 

452.63 7.63 444,608 1,333,396 9.97 

452.7 7.7 448,751 1,363,980 10.20 

452.77 7.77 452,895 1,394,564 10.43 

452.84 7.84 457,039 1,425,147 10.66 

452.91 7.91 461,182 1,455,731 10.89 

452.98 7.98 465,326 1,486,315 11.12 

453.05 8.05 469,975 1,520,112 11.37 

453.12 8.12 474,826 1,555,193 11.63 

453.19 8.19 479,677 1,590,274 11.90 

453.26 8.26 484,528 1,625,355 12.16 

453.33 8.33 489,379 1,660,436 12.42 

453.4 8.4 494,230 1,695,518 12.68 

453.47 8.47 499,081 1,730,599 12.95 

453.54 8.54 503,933 1,765,680 13.21 

453.61 8.61 508,784 1,800,761 13.47 

453.68 8.68 513,635 1,835,843 13.73 



 

 

Elevation Depth  Surface Area Cumulative Volume  

(ft, NGVD29) (ft) (sq-ft) (cubic-ft) (MG) 

453.75 8.75 518,486 1,870,924 14.00 

453.82 8.82 523,337 1,906,005 14.26 

453.89 8.89 528,188 1,941,086 14.52 

453.96 8.96 533,039 1,976,168 14.78 

454.03 9.03 539,573 2,014,169 15.07 

454.1 9.1 548,350 2,056,065 15.38 

454.17 9.17 557,127 2,097,960 15.69 

454.24 9.24 565,905 2,139,855 16.01 

454.31 9.31 574,682 2,181,751 16.32 

454.38 9.38 583,459 2,223,646 16.63 

454.45 9.45 592,236 2,265,542 16.95 

454.52 9.52 601,014 2,307,437 17.26 

454.59 9.59 609,791 2,349,333 17.57 

454.66 9.66 618,568 2,391,228 17.89 

454.73 9.73 627,346 2,433,123 18.20 

454.8 9.8 636,123 2,475,019 18.51 

454.87 9.87 644,900 2,516,914 18.83 

454.94 9.94 653,678 2,558,810 19.14 

455.01 10.01 664,358 2,602,911 19.47 

455.08 10.08 686,460 2,660,246 19.90 

455.15 10.15 708,562 2,717,580 20.33 

455.22 10.22 730,663 2,774,915 20.76 

455.29 10.29 752,765 2,832,250 21.19 

455.36 10.36 774,867 2,889,585 21.62 

455.43 10.43 796,968 2,946,920 22.04 

455.5 10.5 819,070 3,004,255 22.47 

455.57 10.57 841,172 3,061,590 22.90 

455.64 10.64 863,273 3,118,925 23.33 

455.71 10.71 885,375 3,176,260 23.76 

455.78 10.78 907,477 3,233,595 24.19 

455.85 10.85 929,578 3,290,930 24.62 

455.92 10.92 951,680 3,348,264 25.05 

455.99 10.99 973,782 3,405,599 25.48 

456.06 11.06 982,304 3,485,818 26.08 

456.13 11.13 988,562 3,569,850 26.70 

456.2 11.2 994,821 3,653,883 27.33 

456.27 11.27 1,001,080 3,737,915 27.96 

456.34 11.34 1,007,338 3,821,948 28.59 

456.41 11.41 1,013,597 3,905,980 29.22 

456.48 11.48 1,019,856 3,990,013 29.85 

456.55 11.55 1,026,115 4,074,045 30.48 

456.62 11.62 1,032,373 4,158,078 31.10 



 

 

Elevation Depth  Surface Area Cumulative Volume  

(ft, NGVD29) (ft) (sq-ft) (cubic-ft) (MG) 

456.69 11.69 1,038,632 4,242,111 31.73 

456.76 11.76 1,044,891 4,326,143 32.36 

456.83 11.83 1,051,149 4,410,176 32.99 

456.9 11.9 1,057,408 4,494,208 33.62 

456.97 11.97 1,063,667 4,578,241 34.25 

457.04 12.04 1,069,926 4,662,273 34.88 

457.11 12.11 1,076,184 4,746,306 35.50 

457.18 12.18 1,082,443 4,830,338 36.13 

457.25 12.25 1,088,702 4,914,371 36.76 

457.32 12.32 1,094,960 4,998,403 37.39 

457.39 12.39 1,101,219 5,082,436 38.02 

457.46 12.46 1,107,478 5,166,468 38.65 

457.53 12.53 1,113,737 5,250,501 39.28 

457.6 12.6 1,119,995 5,334,533 39.91 

457.67 12.67 1,126,254 5,418,566 40.53 

457.74 12.74 1,132,513 5,502,598 41.16 

457.81 12.81 1,138,771 5,586,631 41.79 

457.88 12.88 1,145,030 5,670,663 42.42 

457.95 12.95 1,151,289 5,754,696 43.05 

458.02 13.02 1,157,548 5,838,728 43.68 

458.09 13.09 1,163,806 5,922,761 44.31 

458.16 13.16 1,170,065 6,006,793 44.93 

458.23 13.23 1,176,324 6,090,826 45.56 

458.3 13.3 1,182,582 6,174,858 46.19 

458.37 13.37 1,188,841 6,258,891 46.82 

458.44 13.44 1,195,100 6,342,923 47.45 

458.51 13.51 1,201,359 6,426,956 48.08 

458.58 13.58 1,207,617 6,510,988 48.71 

458.65 13.65 1,213,876 6,595,021 49.33 

458.72 13.72 1,220,135 6,679,053 49.96 

458.79 13.79 1,226,393 6,763,086 50.59 

458.86 13.86 1,232,652 6,847,118 51.22 

458.93 13.93 1,238,911 6,931,151 51.85 

459 14 1,245,170 7,015,184 52.48 

459.07 14.07 1,251,428 7,099,216 53.11 

459.14 14.14 1,257,687 7,183,249 53.73 

459.21 14.21 1,263,946 7,267,281 54.36 

459.28 14.28 1,270,204 7,351,314 54.99 

459.35 14.35 1,276,463 7,435,346 55.62 

459.42 14.42 1,282,722 7,519,379 56.25 

459.49 14.49 1,288,981 7,603,411 56.88 

459.56 14.56 1,295,239 7,687,444 57.51 



 

 

Elevation Depth  Surface Area Cumulative Volume  

(ft, NGVD29) (ft) (sq-ft) (cubic-ft) (MG) 

459.63 14.63 1,301,498 7,771,476 58.13 

459.7 14.7 1,307,757 7,855,509 58.76 

459.77 14.77 1,314,015 7,939,541 59.39 

459.84 14.84 1,320,274 8,023,574 60.02 

459.91 14.91 1,326,533 8,107,606 60.65 

459.98 14.98 1,332,792 8,191,639 61.28 

460.05 15.05 1,339,050 8,275,671 61.91 

460.12 15.12 1,345,309 8,359,704 62.53 

460.19 15.19 1,351,568 8,443,736 63.16 

460.26 15.26 1,357,826 8,527,769 63.79 

460.33 15.33 1,364,085 8,611,801 64.42 

460.4 15.4 1,370,344 8,695,834 65.05 

460.47 15.47 1,376,603 8,779,866 65.68 

460.54 15.54 1,382,861 8,863,899 66.31 

460.61 15.61 1,389,120 8,947,931 66.94 

460.68 15.68 1,395,379 9,031,964 67.56 

460.75 15.75 1,401,637 9,115,996 68.19 

460.82 15.82 1,407,896 9,200,029 68.82 

460.89 15.89 1,414,155 9,284,061 69.45 

460.96 15.96 1,420,414 9,368,094 70.08 

461.03 16.03 1,428,562 9,463,404 70.79 

461.1 16.1 1,439,228 9,573,750 71.62 

461.17 16.17 1,449,895 9,684,096 72.44 

461.24 16.24 1,460,562 9,794,442 73.27 

461.31 16.31 1,471,229 9,904,788 74.09 

461.38 16.38 1,481,896 10,015,135 74.92 

461.45 16.45 1,492,563 10,125,481 75.74 

461.52 16.52 1,503,230 10,235,827 76.57 

461.59 16.59 1,513,897 10,346,173 77.39 

461.66 16.66 1,524,563 10,456,519 78.22 

461.73 16.73 1,535,230 10,566,866 79.05 

461.8 16.8 1,545,897 10,677,212 79.87 

461.87 16.87 1,556,564 10,787,558 80.70 

461.94 16.94 1,567,231 10,897,904 81.52 

462.01 17.01 1,577,898 11,008,250 82.35 

462.08 17.08 1,588,565 11,118,596 83.17 

462.15 17.15 1,599,232 11,228,943 84.00 

462.22 17.22 1,609,898 11,339,289 84.82 

462.29 17.29 1,620,565 11,449,635 85.65 

462.36 17.36 1,631,232 11,559,981 86.47 

462.43 17.43 1,641,899 11,670,327 87.30 

462.5 17.5 1,652,566 11,780,674 88.13 



 

 

Elevation Depth  Surface Area Cumulative Volume  

(ft, NGVD29) (ft) (sq-ft) (cubic-ft) (MG) 

462.57 17.57 1,663,233 11,891,020 88.95 

462.64 17.64 1,673,900 12,001,366 89.78 

462.71 17.71 1,684,567 12,111,712 90.60 

462.78 17.78 1,695,234 12,222,058 91.43 

462.85 17.85 1,705,900 12,332,404 92.25 

462.92 17.92 1,716,567 12,442,751 93.08 

462.99 17.99 1,727,234 12,553,097 93.90 

463.06 18.06 1,763,079 12,689,746 94.93 

463.13 18.13 1,803,120 12,830,780 95.98 

463.2 18.2 1,843,160 12,971,813 97.04 

463.27 18.27 1,883,201 13,112,847 98.09 

463.34 18.34 1,923,242 13,253,880 99.15 

463.41 18.41 1,963,283 13,394,914 100.20 

463.48 18.48 2,003,324 13,535,947 101.26 

463.55 18.55 2,043,365 13,676,981 102.31 

463.62 18.62 2,083,405 13,818,014 103.37 

463.69 18.69 2,123,446 13,959,048 104.42 

463.76 18.76 2,163,487 14,100,081 105.48 

463.83 18.83 2,203,528 14,241,115 106.53 

463.9 18.9 2,243,569 14,382,148 107.59 

463.97 18.97 2,283,610 14,523,182 108.64 

464.04 19.04 2,309,194 14,679,867 109.81 

464.11 19.11 2,323,937 14,848,293 111.07 

464.18 19.18 2,338,679 15,016,718 112.33 

464.25 19.25 2,353,422 15,185,143 113.59 

464.32 19.32 2,368,164 15,353,568 114.85 

464.39 19.39 2,382,906 15,521,993 116.11 

464.46 19.46 2,397,649 15,690,418 117.37 

464.53 19.53 2,412,391 15,858,843 118.63 

464.6 19.6 2,427,134 16,027,268 119.89 

464.67 19.67 2,441,876 16,195,693 121.15 

464.74 19.74 2,456,618 16,364,119 122.41 

464.81 19.81 2,471,361 16,532,544 123.67 

464.88 19.88 2,486,103 16,700,969 124.93 

464.95 19.95 2,500,846 16,869,394 126.19 

465.02 20.02 2,515,108 17,041,791 127.48 

465.09 20.09 2,528,171 17,224,119 128.85 

465.16 20.16 2,541,234 17,406,447 130.21 

465.23 20.23 2,554,297 17,588,774 131.57 

465.3 20.3 2,567,360 17,771,102 132.94 

465.37 20.37 2,580,423 17,953,430 134.30 

465.44 20.44 2,593,486 18,135,758 135.66 



 

 

Elevation Depth  Surface Area Cumulative Volume  

(ft, NGVD29) (ft) (sq-ft) (cubic-ft) (MG) 

465.51 20.51 2,606,549 18,318,086 137.03 

465.58 20.58 2,619,612 18,500,413 138.39 

465.65 20.65 2,632,674 18,682,741 139.76 

465.72 20.72 2,645,737 18,865,069 141.12 

465.79 20.79 2,658,800 19,047,397 142.48 

465.86 20.86 2,671,863 19,229,724 143.85 

465.93 20.93 2,684,926 19,412,052 145.21 

466 21 2,697,989 19,594,380 146.58 

466.07 21.07 2,711,579 19,796,829 148.09 

466.14 21.14 2,725,169 19,999,279 149.60 

466.21 21.21 2,738,760 20,201,728 151.12 

466.28 21.28 2,752,350 20,404,178 152.63 

466.35 21.35 2,765,940 20,606,627 154.15 

466.42 21.42 2,779,530 20,809,077 155.66 

466.49 21.49 2,793,121 21,011,526 157.18 

466.56 21.56 2,806,711 21,213,976 158.69 

466.63 21.63 2,820,301 21,416,425 160.21 

466.7 21.7 2,833,891 21,618,874 161.72 

466.77 21.77 2,847,481 21,821,324 163.23 

466.84 21.84 2,861,072 22,023,773 164.75 

466.91 21.91 2,874,662 22,226,223 166.26 

466.98 21.98 2,888,252 22,428,672 167.78 

467.05 22.05 2,901,842 22,631,122 169.29 

467.12 22.12 2,915,433 22,833,571 170.81 

467.19 22.19 2,929,023 23,036,021 172.32 

467.26 22.26 2,942,613 23,238,470 173.84 

467.33 22.33 2,956,203 23,440,920 175.35 

467.4 22.4 2,969,793 23,643,369 176.86 

467.47 22.47 2,983,384 23,845,818 178.38 

467.54 22.54 2,996,974 24,048,268 179.89 

467.61 22.61 3,010,564 24,250,717 181.41 

467.68 22.68 3,024,154 24,453,167 182.92 

467.75 22.75 3,037,745 24,655,616 184.44 

467.82 22.82 3,051,335 24,858,066 185.95 

467.89 22.89 3,064,925 25,060,515 187.47 

467.96 22.96 3,078,515 25,262,965 188.98 

468.03 23.03 3,095,778 25,485,484 190.64 

468.1 23.1 3,117,938 25,734,763 192.51 

468.17 23.17 3,140,097 25,984,042 194.37 

468.24 23.24 3,162,257 26,233,321 196.24 

468.31 23.31 3,184,416 26,482,600 198.10 

468.38 23.38 3,206,576 26,731,879 199.97 



 

 

Elevation Depth  Surface Area Cumulative Volume  

(ft, NGVD29) (ft) (sq-ft) (cubic-ft) (MG) 

468.45 23.45 3,228,736 26,981,158 201.83 

468.52 23.52 3,250,895 27,230,438 203.70 

468.59 23.59 3,273,055 27,479,717 205.56 

468.66 23.66 3,295,215 27,728,996 207.43 

468.73 23.73 3,317,374 27,978,275 209.29 

468.8 23.8 3,339,534 28,227,554 211.16 

468.87 23.87 3,361,693 28,476,833 213.02 

468.94 23.94 3,383,853 28,726,112 214.89 

469.01 24.01 3,406,013 28,975,391 216.75 

469.08 24.08 3,428,172 29,224,670 218.62 

469.15 24.15 3,450,332 29,473,949 220.48 

469.22 24.22 3,472,492 29,723,229 222.35 

469.29 24.29 3,494,651 29,972,508 224.21 

469.36 24.36 3,516,811 30,221,787 226.07 

469.43 24.43 3,538,970 30,471,066 227.94 

469.5 24.5 3,561,130 30,720,345 229.80 

469.57 24.57 3,583,290 30,969,624 231.67 

469.64 24.64 3,605,449 31,218,903 233.53 

469.71 24.71 3,627,609 31,468,182 235.40 

469.78 24.78 3,649,768 31,717,461 237.26 

469.85 24.85 3,671,928 31,966,741 239.13 

469.92 24.92 3,694,088 32,216,020 240.99 

469.99 24.99 3,716,247 32,465,299 242.86 

470.06 25.06 3,738,407 32,714,578 244.72 

470.13 25.13 3,760,567 32,963,857 246.59 

470.2 25.2 3,782,726 33,213,136 248.45 

470.27 25.27 3,804,886 33,462,415 250.32 

470.34 25.34 3,827,045 33,711,694 252.18 

470.41 25.41 3,849,205 33,960,973 254.05 

470.48 25.48 3,871,365 34,210,252 255.91 

470.55 25.55 3,893,524 34,459,532 257.78 

470.62 25.62 3,915,684 34,708,811 259.64 

470.69 25.69 3,937,844 34,958,090 261.50 

470.76 25.76 3,960,003 35,207,369 263.37 

470.83 25.83 3,982,163 35,456,648 265.23 

470.9 25.9 4,004,322 35,705,927 267.10 

470.97 25.97 4,026,482 35,955,206 268.96 

471.04 26.04 4,044,713 36,227,846 271.00 

471.11 26.11 4,059,997 36,518,007 273.17 

471.18 26.18 4,075,281 36,808,167 275.34 

471.25 26.25 4,090,565 37,098,328 277.51 

471.32 26.32 4,105,849 37,388,488 279.69 



 

 

Elevation Depth  Surface Area Cumulative Volume  

(ft, NGVD29) (ft) (sq-ft) (cubic-ft) (MG) 

471.39 26.39 4,121,134 37,678,649 281.86 

471.46 26.46 4,136,418 37,968,810 284.03 

471.53 26.53 4,151,702 38,258,970 286.20 

471.6 26.6 4,166,986 38,549,131 288.37 

471.67 26.67 4,182,270 38,839,292 290.54 

471.74 26.74 4,197,554 39,129,452 292.71 

471.81 26.81 4,212,838 39,419,613 294.88 

471.88 26.88 4,228,123 39,709,773 297.05 

471.95 26.95 4,243,407 39,999,934 299.22 

472.02 27.02 4,258,163 40,294,197 301.42 

472.09 27.09 4,271,599 40,598,718 303.70 

472.16 27.16 4,285,035 40,903,239 305.98 

472.23 27.23 4,298,471 41,207,759 308.26 

472.3 27.3 4,311,907 41,512,280 310.53 

472.37 27.37 4,325,343 41,816,801 312.81 

472.44 27.44 4,338,779 42,121,322 315.09 

472.51 27.51 4,352,215 42,425,842 317.37 

472.58 27.58 4,365,651 42,730,363 319.65 

472.65 27.65 4,379,087 43,034,884 321.92 

472.72 27.72 4,392,523 43,339,404 324.20 

472.79 27.79 4,405,959 43,643,925 326.48 

472.86 27.86 4,419,395 43,948,446 328.76 

472.93 27.93 4,432,831 44,252,966 331.04 

473 28 4,446,267 44,557,487 333.31 

473.07 28.07 4,448,058 44,870,606 335.66 

473.14 28.14 4,449,849 45,183,726 338.00 

473.21 28.21 4,451,640 45,496,845 340.34 

473.28 28.28 4,453,431 45,809,964 342.68 

473.35 28.35 4,455,223 46,123,084 345.02 

473.42 28.42 4,457,014 46,436,203 347.37 

473.49 28.49 4,458,805 46,749,322 349.71 

473.56 28.56 4,460,596 47,062,442 352.05 

473.63 28.63 4,462,387 47,375,561 354.39 

473.7 28.7 4,464,178 47,688,680 356.74 

473.77 28.77 4,465,969 48,001,800 359.08 

473.84 28.84 4,467,760 48,314,919 361.42 

473.91 28.91 4,469,551 48,628,038 363.76 

473.98 28.98 4,471,342 48,941,158 366.11 

474.05 29.05 4,473,134 49,254,277 368.45 

474.12 29.12 4,474,925 49,567,397 370.79 

474.19 29.19 4,476,716 49,880,516 373.13 

474.26 29.26 4,478,507 50,193,635 375.47 



 

 

Elevation Depth  Surface Area Cumulative Volume  

(ft, NGVD29) (ft) (sq-ft) (cubic-ft) (MG) 

474.33 29.33 4,480,298 50,506,755 377.82 

474.4 29.4 4,482,089 50,819,874 380.16 

474.47 29.47 4,483,880 51,132,993 382.50 

474.54 29.54 4,485,671 51,446,113 384.84 

474.61 29.61 4,487,462 51,759,232 387.19 

474.68 29.68 4,489,253 52,072,351 389.53 

474.75 29.75 4,491,044 52,385,471 391.87 

474.82 29.82 4,492,836 52,698,590 394.21 

474.89 29.89 4,494,627 53,011,709 396.56 

474.96 29.96 4,496,418 53,324,829 398.90 

475.03 30.03 4,498,209 53,637,948 401.24 

475.1 30.1 4,500,000 53,951,067 403.58 

 



 

 

Attachment B – Trigger/Action Matrix 



Trigger/Action Matrix 

Drawdown 

Stage 

Operational Monitoring 

Trigger Value Action 
Supporting 

Documentation 
Parameter 

Sampling 

Frequency 

Report 

Statistical Base 
Threshold Value 

Stage 1: Initial 
Free Water 
Decanting 

(Drawdown to 
WSE 455.0 ft in 
Pond A, 454.0 

feet in Stilling 
Ponds (Ponds B, 
C, and D), and 

450.0 ft in Pond 
E discharge 

through Outfall 

001 

Rainfall over last 24 hours Daily Daily Average Rainfall = 0.14”/d Rainfall = 0.14”/d 
Maintain drawdown 

flow rate 

Gravity Systems 
Operation (Stop logs 

and Siphons) 

Rainfall over last 24 hours Daily Daily Maximum Rainfall = 1"/d Rainfall = 0.80"/d 
Verify Turbidity, and 

possibly lower flow rate 

Gravity Systems 
Operation (Stop logs 

and Siphons) 

Free water level  

elevation change  

(Pond A and Pond E) 

Daily Daily Maximum 
Elevation Change = 

1 ft/day 

Elevation Change = 

1 ft/day 

Reduce drawdown rate 

(add stop logs break 
suction on siphons) 

Gravity Systems 

Operation (Stop logs 
and Siphons) 

Outfall 001 TSS Grab, Daily Monthly Average 
TSS = 28 mg/L 

(Turbidity = 28 NTU) 

Instantaneous Tur = 

28 NTU 

Reduce drawdown rate 
(add stop logs break 

suction on siphons) 

Gravity Systems 
Operation (Stop logs 

and Siphons) 

Outfall 001 TSS Grab, Daily Daily Maximum 
TSS = 93 mg/L 

(Turbidity = 93 NTU) 
Instantaneous Tur = 

83.7 NTU 

Cease discharge OR 

Proceed with Stage 2 if 
exceedances persist or 
if ceasing discharge is 

not practical  

Gravity Systems 
Operation (Stop logs 

and Siphons) 

Outfall 001 Flow Rate Daily Daily Average 
4.82 MGD 

= 3,350 GPM 
N/A 

Maintain pump rate at 

4.82 MGD 

Pump operator’s 

manual 

Flow Rate from Pond A Daily Daily Average 
2.74 MGD 

= 1,900 GPM 
N/A 

Maintain pump rate at 

2.74 MGD 

Pump operator’s 

manual 

Flow Rate from Pond E Daily Daily Average 
1.30 MGD 
= 900 GPM 

N/A 
Maintain pump rate at 

1.30 MGD 
Pump operator’s 

manual 

Pond A Water Level Daily Daily Minimum 462.0 ft Pool Level = 462.0 ft 
Cease use of siphon 
and switch to pump 

system  

Gravity Systems 
Operation (Siphons) 

Pond A Water Level Daily Daily Minimum 455.0 ft Pool Level = 455.0 ft Cease drawdown  
Pump operator’s 

manual 

Pond E Water Level Daily Daily Minimum 450.0 ft Pool Level = 450.0 ft 
Cease Pumping from 

Pond E 

Pump operator’s 

manual 



Drawdown 

Stage 

Operational Monitoring 

Trigger Value Action 
Supporting 

Documentation 
Parameter 

Sampling 

Frequency 

Report 

Statistical Base 
Threshold Value 

Stilling Ponds B&C 
 Water Level 

Daily Daily Minimum 454.1 ft Pool Level = 454.1 ft 
Cease drawdown (add 
stop logs break suction 

on siphons) 

Gravity Systems 
Operation (Stop logs 

and Siphons) 

Stilling Pond D 
 Water Level 

Daily Daily Minimum 454.1 ft Pool Level = 454.1 ft 
Cease drawdown (add 
stop logs break suction 

on siphons) 

Gravity Systems 
Operation (Stop logs 

and Siphons) 

Stage 2: Final 
Free Water 
Decanting. 

(Drawdown to 
WSE 450.0 ft in 
Pond A, 449.0 

feet in Stilling 
Ponds B&C, 

447.0 in Stilling 

Pond D, and 
445.0 ft in Pond 

E) discharge 

through Outfall 
001 

Rainfall over last 24 hours Daily Daily Average Rainfall = 0.14”/d Rainfall = 0.14”/d 
Maintain drawdown 

pump flow rate 
Pump operator’s 

manual 

Rainfall over last 24 hours Daily Daily Maximum Rainfall = 1"/d Rainfall = 0.80"/d 
Verify Turbidity, and 

possibly lower flow rate 

Pump operator’s 

manual 

Free water level  

elevation change  

(Pond A and Pond E) 

Daily Daily Maximum 
Elevation Change = 

1 ft/day 
Elevation Change = 

1 ft/day 
Reduce drawdown 

pump rate 
Pump operator’s 

manual 

Dewatering Operational 
Assessment Point TSS 

(downstream of temporary 

WTS) 

Grab, Daily Monthly Average 
TSS = 28 mg/L 

(Turbidity = 28 NTU) 
Instantaneous Tur = 

28 NTU 

Recirculate through 
temporary WTS 
(increase cycles) 

Pump operator’s 
manual 

Dewatering Operational 
Assessment Point TSS 

(downstream of temporary 

WTS) 

Grab, Daily Daily Maximum 
TSS = 93 mg/L 

(Turbidity = 93 NTU 
Instantaneous Tur = 

74.4 NTU 

Recirculate through 
temporary WTS 

(increase cycles) 

Pump operator’s 
manual 

Outfall 001 TSS Grab, Daily Monthly Average 
TSS = 28 mg/L 

(Turbidity = 28 NTU) 

Instantaneous Tur = 

28 NTU 
Reduce pumping rate 

Pump operator’s 

manual 

Outfall 001 TSS Grab, Daily Daily Maximum 
TSS = 93 mg/L 

(Turbidity = 93 NTU) 

Instantaneous Tur = 

83.7 NTU 
Cease pumping 

Pump operator’s 

manual 

Outfall 001 Flow Rate Daily Daily Average 
3.74 MGD 

= 2,600 GPM 
N/A 

Maintain pump rate at 

3.74 MGD 

Pump operator’s 

manual 

Flow Rate from Pond A Daily Daily Average 
2.09 MGD 

= 1,450 GPM 
N/A 

Maintain pump rate at 
2.09 MGD 

Pump operator’s 
manual 

Flow Rate from Pond E Daily Daily Average 
0.58 MGD 
= 400 GPM 

N/A 
Maintain pump rate at 

0.58 MGD 
Pump operator’s 

manual 

Pond A Water Level Daily Daily Minimum 
450.0 ft 

(bottom of the pond) 

Pool Level = 450.0 ft 

(bottom of the pond) 

Cease Pumping from 

Pond A 

Pump operator’s 

manual 

Pond E Water Level Daily Daily Minimum 
445.0 ft 

(bottom of the pond) 
Pool Level = 445.0 ft 
(bottom of the pond) 

Cease Pumping from 
Pond E 

Pump operator’s 
manual 

Stilling Ponds B&C  

Water Level 
Daily Daily Minimum 

449.0 ft 

(bottom of the pond) 

Pool Level = 449.0 ft 

(bottom of the pond) 

Cease Pumping from 

Ponds B&C 

Pump operator’s 

manual 



Drawdown 

Stage 

Operational Monitoring 

Trigger Value Action 
Supporting 

Documentation 
Parameter 

Sampling 

Frequency 

Report 

Statistical Base 
Threshold Value 

Stilling Pond D W 

water Level 
Daily Daily Minimum 

447.0 ft 

(bottom of the pond) 

Pool Level = 447.0 ft 

(bottom of the pond) 

Cease Pumping from 

Pond D 

Pump operator’s 

manual 

Stage 3A: Pore 

water and 
contact water 
removal by 

gravity. (Pond A 
and Pond E 
discharge 

through Outfall 
001) 

Rainfall over last 24 hours Daily Daily Average Rainfall = 0.14”/d Rainfall = 0.14”/d 
Maintain drawdown 

pump flow rate 
Pump operator’s 

manual 

Rainfall over last 24 hours Daily Daily Maximum Rainfall = 1"/d Rainfall = 0.80"/d 
Verify Turbidity, and 

possibly lower flow rate 
Pump operator’s 

manual 

Dewatering Operational 

Assessment Point TSS 
(downstream of temporary 

WTS) 

Grab, Daily Monthly Average 
TSS = 28 mg/L 

(Turbidity = 28 NTU) 
Instantaneous Tur = 

28 NTU 

Recirculate through 
temporary WTS 
(increase cycles) 

Pump operator’s 
manual 

Dewatering Operational 

Assessment Point TSS 
(downstream of temporary 

WTS) 

Grab, Daily Daily Maximum 
TSS = 93 mg/L 

(Turbidity = 93 NTU 
Instantaneous Tur = 

74.4 NTU 

Recirculate through 
temporary WTS 
(increase cycles) 

Pump operator’s 
manual 

Outfall 001 TSS Grab, Daily Monthly Average 
TSS = 28 mg/L 

(Turbidity = 28 NTU) 
Instantaneous Tur = 

28 NTU 
Reduce pumping rate 

Pump operator’s 
manual 

Outfall 001 TSS Grab, Daily Daily Maximum 
TSS = 93 mg/L 

(Turbidity = 93 NTU) 

Instantaneous Tur = 

83.7 NTU 
Cease pumping 

Pump operator’s 

manual 

Outfall 001 Flow Rate Daily Daily Average 
3.74 MGD 

= 2,600 GPM 
N/A 

Maintain pump rate at 

3.74 MGD 

Pump operator’s 

manual 

Stage 3B: Pore 

water and 
contact water 
removal by 

pumping. (Pond 
A and Pond E 

discharge 

through Outfall 
010) 

Rainfall over last 24 hours Daily Daily Average Rainfall = 0.14”/d Rainfall = 0.14”/d 
Maintain drawdown 

pump flow rate 
Pump operator’s 

manual 

Rainfall over last 24 hours Daily Daily Maximum Rainfall = 1"/d Rainfall = 0.80"/d 
Verify Turbidity, and 

possibly lower flow rate 
Pump operator’s 

manual 

Dewatering Operational 

Assessment Point TSS 
(downstream of temporary 

WTS) 

Grab, Daily Monthly Average 
TSS = 28 mg/L 

(Turbidity = 28 NTU) 
Instantaneous Tur = 

28 NTU 

Recirculate through 

temporary WTS 
(increase cycles) 

Pump operator’s 
manual 

Dewatering Operational 

Assessment Point TSS 
(downstream of temporary 

WTS) 

Grab, Daily Daily Maximum 
TSS = 93 mg/L 

(Turbidity = 93 NTU 
Instantaneous Tur = 

74.4 NTU 

Recirculate through 
temporary WTS 
(increase cycles) 

Pump operator’s 
manual 



Drawdown 

Stage 

Operational Monitoring 

Trigger Value Action 
Supporting 

Documentation 
Parameter 

Sampling 

Frequency 

Report 

Statistical Base 
Threshold Value 

Outfall 010 Flow Rate Daily Daily Average 
29.66 MGD 

= 20,600 GPM 
N/A 

Maintain pump rate at 
29.66 MGD 

Pump operator’s 
manual 



Additional NPDES Threshold Values – All Stages – Outfalls 001 and 010 

Operational Monitoring at Outfalls 

Trigger Value Action 
Supporting 

Documentation 
Parameter 

Sampling 

Frequency 

Report 
Statistical 

Base 

Permitted 

Value 

Drawdown Flow Daily 
Daily 

Maximum 

Not 
regulated, 

just reported 

N/A 
Decrease drawdown 

pump rate 

Pump operator’s 

manual 

Effluent pH 
Weekly 

Daily 

Minimum 
pH 6.0 to 9.0 

Daily minimum = 

6.6 

Decrease drawdown 

pump rate 

Pump operator’s 

manual 

Effluent pH 
Weekly 

Daily 

Minimum 
pH 6.0 to 9.0 

Daily minimum = 

6.0 

Cease pumping; 
investigate source of 

low pH 

Pump operator’s 

manual 

Effluent pH Weekly 
Daily 

Maximum 
pH 6.0 to 9.0 

Daily maximum = 
8.1 

Decrease drawdown 

pump rate 

Pump operator’s 

manual 

Effluent pH Weekly 
Daily 

Maximum 
pH 6.0 to 9.0 

Daily maximum = 
9.0 

Cease pumping; 
investigate source of 

high pH 

Pump operator’s 

manual 

Outfall Total 
Suspended 

Solids (TSS) 

Weekly 
Daily 

Maximum 

TSS = 93 

mg/L 

Instantaneous 

TSS = 83.7 mg/L 

Cease pumping; 
operate coagulant 

injection per controls 

manual 

Pump operator’s 

manual 

Outfall Total 
Suspended 

Solids (TSS) 

Weekly 
Monthly 

Average 

TSS = 28 

mg/L 

Instantaneous 

TSS = 28 mg/L 

Decrease pump rate; 
operate coagulant 

injection per controls 

manual 

Pump operator’s 
manual; coagulant feed 

system manual 

Outfall Oil and 

Grease (O&G) 
Monthly 

Daily 

Maximum 

O&G = 18 

mg/L 

Daily O&G = 

16.2 mg/L 

Decrease pump rate; 
set effluent battle, 

then raise flow rate 

Pump operator’s 
manual; coagulant feed 

system manual 

Outfall Oil and 

Grease (O&G) 
Monthly 

Monthly 

Average 

O&G = 14 

mg/L 

Daily O&G = 

12.6 mg/L 

Decrease pump rate; 
set effluent battle, 

then raise flow rate 

Pump operator’s 

manual 

       

 

  



Additional Outfall 001 Threshold Values during Gravity Drainage (Stage 1) 

Operational Monitoring 
Trigger 

Value 
Action 

Supporting 

Documentation 
Parameter 

Sampling 

Frequency 

Report 

Statistical Base 

Threshold 

Value 

Antimony Weekly Daily Maximum N/A N/A - - 

Antimony Weekly Monthly Average 0.323 mg/L 0.1615 mg/L 
Decrease flow 

rate 

Gravity Systems Operation 

(Stop logs and Siphons) 

Arsenic Weekly Daily Maximum 19.61 mg/L 9.805 mg/L 

Cease flow or 

proceed to  

Stage 2 

Gravity Systems Operation 

(Stop logs and Siphons) 

Arsenic Weekly Monthly Average 0.560 mg/L 0.280 mg/L 
Decrease flow 

rate 

Gravity Systems Operation 

(Stop logs and Siphons) 

Barium Weekly Daily Maximum N/A N/A - - 

Barium Weekly Monthly Average 115.43 mg/L 57.715 mg/L 
Decrease flow 

rate 

Gravity Systems Operation 

(Stop logs and Siphons) 

Beryllium Weekly Daily Maximum N/A N/A - - 

Beryllium Weekly Monthly Average 0.231 mg/L 0.1155 mg/L 
Decrease flow 

rate 

Gravity Systems Operation 

(Stop logs and Siphons) 

Cadmium Weekly Daily Maximum 0.442 mg/L 0.2210 mg/L 

Cease flow or 

proceed to  

Stage 2 

Gravity Systems Operation 

(Stop logs and Siphons) 

Cadmium Weekly Monthly Average 0.177 mg/L 0.0885 mg/L 
Decrease flow 

rate 

Gravity Systems Operation 

(Stop logs and Siphons) 

Chromium Weekly Daily Maximum 0.923 mg/L 0.4615 mg/L 

Cease flow or 

proceed to  

Stage 2 

Gravity Systems Operation 

(Stop logs and Siphons) 

Chromium Weekly Monthly Average 0.635 mg/L 0.3175 mg/L 
Decrease flow 

rate 

Gravity Systems Operation 

(Stop logs and Siphons) 

Copper Weekly Daily Maximum 2.91 mg/L 1.455 mg/L 

Cease flow or 

proceed to  

Stage 2 

Gravity Systems Operation 

(Stop logs and Siphons) 

Copper Weekly Monthly Average 1.95 mg/L 0.9750 mg/L 
Decrease flow 

rate 

Gravity Systems Operation 

(Stop logs and Siphons) 

Iron Weekly Daily Maximum N/A N/A - - 

Iron Weekly Monthly Average N/A N/A - - 

Lead Weekly Daily Maximum 20.31 mg/L 10.155 mg/L 

Cease flow or 

proceed to  

Stage 2 

Gravity Systems Operation 

(Stop logs and Siphons) 

Lead Weekly Monthly Average 0.274 mg/L 0.1370 mg/L 
Decrease flow 

rate 

Gravity Systems Operation 

(Stop logs and Siphons) 

Mercury Weekly Daily Maximum 0.081 mg/L 0.0405 mg/L 

Cease flow or 

proceed to  

Stage 2 

Gravity Systems Operation 

(Stop logs and Siphons) 

Mercury Weekly Monthly Average 0.003 mg/L 0.0015 mg/L 
Decrease flow 

rate 

Gravity Systems Operation 

(Stop logs and Siphons) 



Operational Monitoring 
Trigger 

Value 
Action 

Supporting 

Documentation 
Parameter 

Sampling 

Frequency 

Report 

Statistical Base 

Threshold 

Value 

Nickel Weekly Daily Maximum 109.85 mg/L 54.925 mg/L 

Cease flow or 

proceed to  

Stage 2 

Gravity Systems Operation 

(Stop logs and Siphons) 

Nickel Weekly Monthly Average 5.69 mg/L 2.845 mg/L 
Decrease flow 

rate 

Gravity Systems Operation 

(Stop logs and Siphons) 

Selenium Weekly Daily Maximum 1.13 mg/L 0.5650 mg/L 

Cease flow or 

proceed to  

Stage 2 

Gravity Systems Operation 

(Stop logs and Siphons) 

Selenium Weekly Monthly Average 0.260 mg/L 0.130 mg/L 
Decrease flow 

rate 

Gravity Systems Operation 

(Stop logs and Siphons) 

Silver Weekly Daily Maximum 0.159 mg/L 0.0795 mg/L 

Cease flow or 

proceed to  

Stage 2 

Gravity Systems Operation 

(Stop logs and Siphons) 

Silver Weekly Monthly Average 5.77 mg/L 2.885 mg/L 
Decrease flow 

rate 

Gravity Systems Operation 

(Stop logs and Siphons) 

Thallium Weekly Daily Maximum N/A N/A - - 

Thallium Weekly Monthly Average 0.115 mg/L 0.0575 mg/L 
Decrease flow 

rate 

Gravity Systems Operation 

(Stop logs and Siphons) 

Zinc Weekly Daily Maximum 44.83 mg/L 22.415 mg/L 

Cease flow or 

proceed to  

Stage 2 

Gravity Systems Operation 

(Stop logs and Siphons) 

Zinc Weekly Monthly Average 45.20 mg/L 22.60 mg/L 
Decrease flow 

rate 

Gravity Systems Operation 

(Stop logs and Siphons) 

The above Additional Outfall 001 Parameter Values have been established for an Outfall 001 effluent flow rate of 4.82 MGD, which 
is the current typical daily flow rate. Would the actual discharge flow rate differ from that value, then limits would be either increased 
(for a lower flow rate) or decreased (for a higher flow rate), so the net loading (in lbs/day) would remain stable. The only exception is 

arsenic concentration, that remains the same, whatever the discharge flow rate. 

       

 

  



Additional Threshold Values during Pumping – Dewatering Operational Assessment Point 

Operational Monitoring 

Trigger Value Action 
Supporting 

Documentation 
Parameter 

Sampling 

Frequency 

Report 
Statistical 

Base 

Threshold 

Value 

Antimony Weekly 
Daily 

Maximum 
N/A N/A - - 

Antimony Weekly 
Monthly 

Average 
0.416 mg/L 0.2080 mg/L 

Increase cycles through 
WTS and/or decrease pump 
rate; Check Tested Values 

for Outfall 001 or 010 

Pump operator’s manual 

Arsenic Weekly 
Daily 

Maximum 
25.21 mg/L 12.605 mg/L Cease pumping Pump operator’s manual 

Arsenic Weekly 
Monthly 

Average 
0.720 mg/L 0.3600 mg/L 

Increase cycles through 
WTS and/or decrease pump 
rate; Check Tested Values 

for Outfall 001 or 010 

Pump operator’s manual 

Barium Weekly 
Daily 

Maximum 
N/A N/A - - 

Barium Weekly 
Monthly 

Average 
148.44 mg/L 74.220 mg/L 

Increase cycles through 
WTS and/or decrease pump 

rate; Check Tested Values 

for Outfall 001 or 010 

Pump operator’s manual 

Beryllium Weekly 
Daily 

Maximum 
N/A N/A - - 

Beryllium Weekly 
Monthly 

Average 
0.297 mg/L 0.1485 mg/L 

Increase cycles through 
WTS and/or decrease pump 
rate; Check Tested Values 

for Outfall 001 or 010 

Pump operator’s manual 

Cadmium Weekly 
Daily 

Maximum 
0.568 mg/L 0.2840 mg/L Cease pumping Pump operator’s manual 

Cadmium Weekly 
Monthly 

Average 
0.228 mg/L 0.1140 mg/L 

Increase cycles through 
WTS and/or decrease pump 
rate; Check Tested Values 

for Outfall 001 or 010 

Pump operator’s manual 

Chromium Weekly 
Daily 

Maximum 
1.19 mg/L 0.5950 mg/L Cease pumping Pump operator’s manual 

Chromium Weekly 
Monthly 

Average 
0.816 mg/L 0.4080 mg/L 

Increase cycles through 
WTS and/or decrease pump 
rate; Check Tested Values 

for Outfall 001 or 010 

Pump operator’s manual 

Copper Weekly 
Daily 

Maximum 
3.74 mg/L 1.870 mg/L Cease pumping Pump operator’s manual 

Copper Weekly 
Monthly 

Average 
2.51 mg/L 1.255 mg/L 

Increase cycles through 
WTS and/or decrease pump 
rate; Check Tested Values 

for Outfall 001 or 010 

Pump operator’s manual 

Iron Weekly 
Daily 

Maximum 
N/A N/A - - 

Iron Weekly 
Monthly 

Average 
N/A N/A - - 

Lead Weekly 
Daily 

Maximum 
26.12 mg/L 13.060 mg/L Cease pumping Pump operator’s manual 



Operational Monitoring 

Trigger Value Action 
Supporting 

Documentation 
Parameter 

Sampling 

Frequency 

Report 
Statistical 

Base 

Threshold 

Value 

Lead Weekly 
Monthly 

Average 
0.353 mg/L 0.1765 mg/L 

Increase cycles through 
WTS and/or decrease pump 
rate; Check Tested Values 

for Outfall 001 or 010 

Pump operator’s manual 

Mercury Weekly 
Daily 

Maximum 
0.104 mg/L 0.0520 mg/L Cease pumping Pump operator’s manual 

Mercury Weekly 
Monthly 

Average 
0.004 mg/L 0.0020 mg/L 

Increase cycles through 
WTS and/or decrease pump 
rate; Check Tested Values 

for Outfall 001 or 010 

Pump operator’s manual 

Nickel Weekly 
Daily 

Maximum 
141.27 mg/L 70.635 mg/L Cease pumping Pump operator’s manual 

Nickel Weekly 
Monthly 

Average 
7.31 mg/L 3.655 mg/L 

Increase cycles through 
WTS and/or decrease pump 

rate; Check Tested Values 

for Outfall 001 or 010 

Pump operator’s manual 

Selenium Weekly 
Daily 

Maximum 
1.45 mg/L 0.7250 mg/L Cease pumping Pump operator’s manual 

Selenium Weekly 
Monthly 

Average 
0.334 mg/L 0.1670 mg/L 

Increase cycles through 
WTS and/or decrease pump 

rate; Check Tested Values 

for Outfall 001 or 010 

Pump operator’s manual 

Silver Weekly 
Daily 

Maximum 
0.204 mg/L 0.1020 mg/L Cease pumping Pump operator’s manual 

Silver Weekly 
Monthly 

Average 
7.42 mg/L 3.710 mg/L 

Increase cycles through 
WTS and/or decrease pump 
rate; Check Tested Values 

for Outfall 001 or 010 

Pump operator’s manual 

Thallium Weekly 
Daily 

Maximum 
N/A N/A - - 

Thallium Weekly 
Monthly 

Average 
0.148 mg/L 0.0740 mg/L 

Increase cycles through 
WTS and/or decrease pump 
rate; Check Tested Values 

for Outfall 001 or 010 

Pump operator’s manual 

Zinc Weekly 
Daily 

Maximum 
57.65 mg/L 28.825 mg/L Cease pumping Pump operator’s manual 

Zinc Weekly 
Monthly 

Average 
58.12 mg/L 29.060 mg/L 

Increase cycles through 
WTS and/or decrease pump 
rate; Check Tested Values 

for Outfall 001 or 010 

Pump operator’s manual 

The above Additional Parameter Values for the Dewatering Operational Assessment Point have been established for effluent flow 
rate of 3.74 MGD, which is the current typical daily flow rate. Would the actual discharge flow rate differ from that value, then limits 

would be either increased (for a lower flow rate) or decreased (for a higher flow rate), so the net loading (in lbs/day) would remain 

stable. The only exception is arsenic concentration, that remains the same, whatever the discharge flow rate.  
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Acronyms 

AASHTO American Association of State Highway and Transportation Officials 

APC Ash Pond Complex 

bgs Below ground surface 

BMP Best Management Practice 

CCR Coal Combustion Residual 

CLSM Controlled Low Strength Materials 

ft feet/foot 

GAF Gallatin Fossil Plant 

KMP Karst Mitigation Plan 

Order Consent Order 

SIMP Surveillance and Instrumentation Monitoring Plan 

SWPPP Stormwater Pollution Prevention Plan 

TDEC Tennessee Department of Environment and Conservation 

TDOT Tennessee Department of Transportation 

TVA Tennessee Valley Authority 
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Definition of Terms 

Cut-off: A cut-off is the criteria at which an injection requirement has been met for a stage. Cut-off criteria include 

volume, pressure, and ground surface heave considerations. Achieving a cut off indicates that a particular stage has 

been completed. Stage cut off may also be as directed by the Engineer. 

Drop-out: A specific type of karst feature consisting of a hole or “drop-out” at the ground surface caused by erosion 

and subsurface collapse of overburden into cavities created by karst activity. Also referred to as a “Sinkhole.”   

Effective Grouting Pressure: Pressure of grout, while being pumped, at the midpoint of the stage being grouted, as 

calculated from the gauge grouting pressure at the header plus the pressure head (due to the weight of grout in the 

hole), minus the static groundwater pressure, and minus the line loss.  

Gauge Pressure for Grouting: Pressure of grout, as measured at the ground surface within a specified distance from 

the header, while grout is being pumped into the hole.  

Ground Stabilization Plan: A plan to be developed by the Contractor to stabilize the ground surface at a sinkhole 

location to allow safe access to repair equipment. The plan will be reviewed by the Engineer and the Owner.  

Karst:  Geologic topography formed from the dissolution of soluble rocks upon contact with acidic groundwater. At the 

APC, karst is developed as a result of the underlying limestone formations. Karst is characterized by underground 

drainage systems with sinkholes and caves that form as the soluble limestone is dissolved. At GAF, karst manifests as 

weathered and fractured limestone, open voids in limestone, sinkholes, and an irregular bedrock surface consisting of 

pinnacles with normally consolidated to under-consolidated clays within the intervening slots formed by the hard rock.  

The pinnacles can extend to the ground surface from depths of 30-ft.   

Low Mobility Grouting: Normally a soil-cement with sufficient silt sizes to provide mobility together with sufficient sand 

and gravel sizes to develop enough internal friction to cause the grout to act as a growing mass as injection continues 

under pressure.  The grout generally does not enter soil pores but remains a homogeneous mass that gives controlled 

displacement to compact loose non-plastic soils and gives controlled displacement for soft, plastic soils or lifting 

structures, or both.  

Natural Soil: Beneath the CCR, the APC consists of alluvial deposits and residual clay soils. The alluvial deposits are 

highly variable, with some layers of predominantly fine-grained material with trace coarse grained, and some layers of 

predominantly coarse-grained material. Residual soils consist of predominantly clay with chert gravel, and weathered 

pieces of limestone.   

Primary Holes: Primary holes are the first grout locations located by the Engineer.  

Secondary Holes: Secondary holes are drilled midway between primary holes and the grouting be completed before 

drilling the tertiary series of holes.  

Sinkhole: A specific type of karst feature consisting of a drop-out or hole at the ground surface caused by erosion and 

subsurface collapse of overburden into cavities created by karst activity. Also referred to as a “Drop-out.” 

Stage: A stage is one complete grouting operation performed over a predetermined vertical interval of a grout hole. 

The stage is complete when refusal or other cutoff criteria have been met.  

Tertiary Holes: Tertiary holes are drilled midway between the secondary holes and primary holes and the grouting be 

completed before any succeeding holes are drilled.    

Top of Rock: Top of rock refers to the point at which the advancement of the grouting drill tip would be expected to 

refuse on the bedrock surface based on known subsurface data.  
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1 Introduction and Purpose 

On July 24, 2019, the Davidson County Chancery Court entered a Consent Order (Order) in Case No. 15-23-IV 

reflecting an agreement between the Tennessee Valley Authority (TVA), the State of Tennessee, the Tennessee 

Department of Environment and Conservation (TDEC), and certain Plaintiff-Intervenors to close the Ash Pond Complex 

(APC) located at the Gallatin Fossil Plant (GAF) located near Gallatin, Sumner County, Tennessee. For purposes of 

the Order, the APC consists of the Bottom Ash Pond, Middle Pond A, Ash Pond A, Ash Pond E, and Stilling Ponds B, 

C, and D as shown in Figure 1. 

This Karst Mitigation Plan (KMP) has been developed to provide guidelines to help reduce the risk associated with the 

impact of karst features (specifically sinkholes) on the closure process. Specifically, the following potential impacts are 

associated with karst and sinkhole development: 

• Loss of ash and impounded water from the APC into the bedrock system 

• Loss of contaminated stormwater into the bedrock system 

• Safety risk to project personnel and equipment 

2 Roles and Responsibilities 

This section outlines the roles and responsibilities of the various parties that may be required to carry out activities 
associated with the maintenance of existing karst features or repair of new features.  It should be noted that, in general, 
all onsite personnel should be familiar with features that may be representative of a karst feature.  Presented below is 
a summary of anticipated required parties including a definition of the role and a general overview of their 
responsibilities. 

Contractor: The Contractor will be responsible for performing and delivering all Closure activities.  This includes 

developing a plan for karst repair, in general agreement with this KMP.  In addition, the Contractor will be responsible 

for procuring the Grouting Contractor. 

Engineer:  The Engineer will be responsible for the overall closure design. Additionally, the Engineer will be responsible 

for reviewing the repair plan prepared by the Contractor and providing comments and direction as needed. 

Karst Specialist:  The Karst Specialist may be employed by either the Contractor or Engineer and is responsible for 

assisting in the preparation of the repair plan.  The Karst Specialist shall be a TN registered Professional Engineer or 

TN registered Professional Geologist with direct experience with karst hydrology/geomorphic processes and karst 

repair.   

Grouting Contractor: The Grouting Contractor will be responsible for providing all personnel, equipment, and materials 

necessary to perform grouting activities related to karst mitigation. The Grouting Contractor must utilize properly 

qualified personnel for all personnel who will be working on the project. The Grouting Contractor must be licensed in 

the state of Tennessee and must provide records of at least three prior grouting projects completed within the last 2 

years in karst geology and provided personnel that meet the following minimum experience levels or as otherwise 

approved by the Engineer:  

 

Project Manager, On-Site Superintendent, Drillers, Grouting Professional, and Safety Lead:  Listed personnel must 

have a minimum of 3 years cumulative experience in similar drilling/grouting roles within karst geology. All personnel 

shall meet the minimum requirements of the TVA safety plan.  

 

The Grouting Contractor shall submit the name and qualifications of the aforementioned personnel, plus the project-

specific dam safety training plan (and trainer), not less than 10 days prior to the commencement of low mobility grouting. 

Dam safety training shall be completed prior to personnel performing any fieldwork on the project.  Changes in 

personnel will require additional submittals for acceptance of these personnel  
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Owner: (TVA) The Owner will procure the Engineer and Contractor.  The Owner will retain ownership of all data 

generated as part of closure and karst mitigation. Additionally, the Owner will review safe work plans, training 

requirements, changes to the work plan, proposed specific karst mitigation activities, and will retain the right to direct 

the Contractor.  In addition, the Owner is responsible for communicating and coordinating with TDEC. 

As part of site-specific safety training, all personnel working on-site shall be trained to be familiar with the contents of 

this plan and to be able to identify karst features or an incipient karst feature. 

3 Karst Development and Mechanics 

In this geologic setting, the principal risk to infrastructure associated with karst features is sinkhole development from 

the subsurface erosion of soil into voids in the underlying bedrock. Sinkhole development begins after voids or solution 

conduits form from dissolution of carbonate bedrock over geologic time. Subsurface erosion of soil overburden into 

these voids then tends to occur during typical construction project life cycles. Soft to very soft cohesive materials that 

have been historically documented in this geologic setting can indicate soil loss from downward migration of fines into 

the underlying bedrock conduits. There is a strong correlation between heavy or extended precipitation events and 

sinkhole development. Rapid increases in hydraulic gradient can occur locally during these types of precipitation events 

when infiltration exceeds the capacity of the complex bedrock groundwater system.  

Groundwater is temporarily forced upward and laterally though bedrock joints and voids that contain soil that bridge the 

void in the bedrock and support the upper interval of overburden. The elevated groundwater levels provide a temporary 

but significant buoyant force supporting the soil bridging the void in the bedrock. Ultimately, with groundwater levels 

eventually falling, the soil is no longer supported by the buoyant force but the soil pore space remains saturated. In 

addition, the saturation reduces the soil shear strength which increases collapse potential and can lead to eventual soil 

collapse, resulting in a sinkhole at the ground surface.  Other potential karst features of interest include: 

• Springs 

• Bedrock enclosed conduits or voids 

• Solution pockets that extend beyond visual examination range (and therefore may be open) 

• Soil voids 

• Highly fractured karst bedrock. 

As discussed in Section 4 below, karst features and sinkholes have been observed within the APC and across the GAF 

reservation. The construction of the APC dates to 1953, operations started in 1970, and ash was sluiced and stacked 

into the APC for many years.  As a result, within the limits of the APC, the pore water elevation has remained above 

the natural ground elevation in most areas for the duration of operations, and many existing features have likely been 

filled in or plugged.  As such, the formation of new dropouts will occur at a different rate than would the development of 

features within natural ground.  

In addition, in consideration of the closure process, it is likely that incipient sinkhole development could accelerate once 

the majority of coal combustion residuals (CCR) has been removed but dewatering activities are still being performed. 

Within limited thickness, relatively permeable CCR overburden over the thin intervals of residual soil and exposed 

bedrock, incipient sinkholes or previously plugged sinkholes may be more susceptible to the “flushing” action from 

significant rainfall events.   



 

Karst Mitigation Plan – Rev 1 
Ash Pond Complex Closure 
Tennesee Valley Authority 
Gallatin Fossil Plant 

 

 

GAF_APC_KMP.docx  5 

4 Background and Historical Information 

As shown on Figure 1, historical karst features have been observed within the APC. The historical features shown on 

Figure 1 are categorized as historic karst features, field confirmed karst features, repaired karst features, and 

suspected sinkhole repairs.  The majority of the locations identified on Figure 1 consist of historic, or unconfirmed 

locations. However, information is known about several specific features shown in Figure 1 and the subsequent repairs 

performed. For the purpose of familiarity, background, and understanding of existing karst features, select existing karst 

features are described below.  

“Donut” Sinkhole – This feature was a sinkhole located within the southern Ash Pond A and featured a diameter of 

approximately 90-feet (ft) and depth of at least 15-ft at the time of construction.  The sinkhole was repaired by over-

excavating by placing non-woven filter fabric and backfilling with crushed stone, Type A and B rip rap, crushed stone, 

and compacted earth fill. The repair details are shown on TVA historical drawing 10W271 contained in Attachment A.  

Class I Fix (Suspected Sinkhole Locations) – These four locations are within the northern half of Ash Pond E near 

the perimeter dike. Based on drawing 10W271-316, Class I fixes consisted of the placement of a layer of 6-inch to 12-

inch rip rap as a bridge lift over existing ash. Number 67 stone was then placed over the rip rap to cap the layer. Filter 

fabric was then placed over the #67 stone, and 2-ft thick layer of compacted clay fill. The repair details are shown on 

TVA historical drawing 10W271 contained in Attachment A. 

Class II Fixes (Suspected Sinkhole Locations) – These four locations are within the northwestern half of Ash Pond 

E near the perimeter dike. Based on drawing 10W271-316, Class II fixes consisted of over-excavating existing drop-

outs placement of a layer of 6-inch to 12-inch rip rap as a bridge lift over existing ash. Number 67 stone was then placed 

over the rip rap to cap the layer. Filter fabric was then placed over the #67 stone, and 2-ft thick layer of compacted clay 

fill. The repair details are shown on TVA historical drawing 10W271 contained in Attachment A. 

Class III Fixes (Suspected Sinkhole Locations) – These two locations are within the eastern half of Ash Pond E. 

Based on drawing 10W271-316, Class III fixes consisted of the placement of a 2-ft thick layer of compacted clay fill 

over fissures or thin vertical joints in the bedrock. The repair details are shown on TVA historical drawing 10W271 

contained in Attachment A. 

Guidelines for maintaining these areas during closure activities are provided below in Section 6. 

5 Approach to Karst Mitigation 

If a suspected karst drop-out is identified during construction, or forms within the working area during removal activities, 

a Karst Specialist will conduct an inspection of the feature.  This inspection shall consist of observation and 

documentation of the following: 

• Soil subsidence 

• Rock collapse 

• Sediment filling 

• The swallet, spring/seep, or cave  

• Identification of potential connectivity of the drop-out to the shallow aquifer and risk for impacting groundwater 

quality. 

If the karst drop-out does not appear to have connectivity, the feature can be stabilized, and construction may continue 

after the feature is stabilized.  TDEC will be notified of the non-connected feature and the stabilization method to be 

employed prior to starting the stabilization work.  If the karst drop-out appears to be connected, TVA will notify TDEC 

of the new karst feature and proposed mitigation activity.  TDEC may request to review the feature and that additional 
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investigation be performed prior to stabilization.  Note that removal activities may continue in other areas of the APC 

whilst the feature in question is being investigated and/or stabilized. 

As discussed, karst features and historic sinkholes are present at the APC.  To reduce the potential impact of karst on 

closure activities, and specifically the potential for loss of containment through sinkholes, three specific strategies have 

been developed in this document: 

• Maintenance of existing sinkholes and repaired karst features 

• Repair of sinkholes by over-excavation and backfilling 

• Repair of sinkholes by grouting 

Selection of the appropriate repair methods will be dependent upon site specific conditions and proposed means and 

methods by the Contractor.  A work plan is to be prepared by the Contractor and submitted to the Owner and Engineer 

for review prior to performing sinkhole repairs.  In addition, a Ground Stabilization Plan is to be developed by the 

Contractor to stabilize the ground surface at a sinkhole location to allow safe access to repair equipment.  

Karst mitigation and sinkhole repair activities performed in the field during closure are intended to provide structural 

repairs and to reduce the potential for a release of CCR or contaminated stormwater through the subsurface.  Note that 

best management practices (BMPs) will be installed as indicated in the Stormwater Pollution Prevention Plan (SWPPP) 

to prevent sediment laden stormwater flowing into karst features.  This plan does not address sampling and/or source 

removal and testing at the CCR subgrade elevation. Depending on the type of repair performed, source removal 

verification may not be possible to coordinate with karst repair activities. Such repaired features will have to be re-

exposed as part of the Source Removal Verification Plan to be provided as a separate attachment to this Removal 

Plan.  Following removal of CCR, any areas that were repaired by grouting will be inspected by the Engineer, and 

improvements made on an as needed basis. 

5.1 Maintenance of Existing Sinkholes and Repaired Karst 
Features 

As shown on Figure 2 and Figure 3 and discussed above, several existing sinkholes or suspected sinkholes have 

previously been identified and repaired within the APC. Specifically, the identified locations on Figure 2 and Figure 3 

correspond with the existing features as follows: 

• Area 1: Corresponds with the “Donut” sinkhole repair 

• Area 2: Corresponds with Class I repair locations 

• Area 3: Corresponds with Class II repair locations 

• Area 4: Corresponds with Class III repair locations 

As described in Section 4 the repairs have been structural in nature and have included excavation and backfilling with 

aggregate or clay fill. Since the completion of the repairs, the APC remained in service. No additional drop-outs have 

been observed in the vicinity of these features; however, subsurface observations have not been possible since 

construction.  

During the closure process, care should be taken as these areas are exposed, particularly the “Donut” sinkhole due to 

its size and the Class I repair locations as they consisted of constructing a bridge lift over ash. Damage to these areas 

could result in unplugging the sinkhole and leading to loss of containment. The remaining repaired locations (Area 3 

and Area 4) consisted of clay fill being placed directly on the bedrock surface and can therefore be approached in a 

standard manner through the course of closure.  

Details provided on Figure 2 and Figure 3 describe the approach to exposing and repairing these features during 

closure.   
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5.2 Repair of Sinkholes by Over-Excavation and Backfilling 

The preferred method for sinkhole repair for karst features exposed within soil will be over-excavation and backfilling. 

Repair procedures will depend on whether the karst features are exposed within soil (overburden) areas or bedrock 

areas. General repair procedures are provided below for sinkholes and openings in bedrock. Details and specifics 

pertaining to the repair of each exposed feature will require field observation by the Engineer. As noted above, the 

Contractor will be required to provide a work plan prior to initiating the repair measures discussed below, and as a 

result, means and methods associated with the over-excavation and backfilling may vary. If the Karst Specialist 

determines upon inspection that there is potential for connectivity of the drop-out to the shallow aquifer and risk for 

impacting groundwater quality, then additional groundwater monitoring shall be initiated in accordance with the 

Monitoring Plan to be provided under a separate cover. 

5.2.1 Sinkholes by Over-Excavation 

To remediate sinkholes at GAF, a graded filter application has proven to be an effective historical measure for repairs 

and is the recommended approach. This application removes soil from the drop-out area, plugs or “chokes” voids or 

open throats in the bedrock, and results in a high strength, crushed stone aggregate backfill which will allow 

groundwater flow to continue unimpeded without potential for additional migration of fines into the subsurface.   

Initially, each feature will be flagged and turned into an exclusion zone.  The size of the exclusion zone will be 

established by the geotechnical engineer depending on the type, size, and location of the feature.  Only authorized 

personnel will enter the exclusion zone, and all work will be performed in accordance with the Contractor’s Safe Work 

Plan and in accordance with project safe work plans. No lone worker activity is permitted within the limits of identified 

exclusion zones. A spotter must be used when workers enter a flagged perimeter. The limits of collapsed zones will 

initially be carefully probed to estimate lateral limits, and the exclusion zone will be adjusted as needed based on the 

results of probing.  

In addition, the Contractor shall construct an earthen berm or other suitable surface flow diversion measure between 

the sinkhole and any upgradient CCR not contained by a containment berm.   

The repair will be observed by the Engineer and details pertaining to the total thickness of each layer (aside from 

recommended minimums) will be determined based on observation in the field. The general repair procedure will be as 

follows: 

1. The Contractor will cease all work at the location and establish an exclusion zone within a 50-ft radius (or more if 

warranted based on observed conditions) of the observed sinkhole and prepare a work plan for the proposed 

over-excavation and backfilling.  Notification will be made to TVA. TVA will then notify TDEC. 

2. The Contractor shall perform ground stabilization at the feature to allow for repair activities to proceed safely in 

accordance with the submitted Ground Stabilization Plan and the instrumentation data.   

3. Progressively remove overburden soil within the drop-out, chasing the “throat” until the opening is visible, and 

bedrock is exposed along sides and base of excavation. To facilitate the excavation, bedrock pinnacles may need 

to be removed. The over-excavation will likely result in the existing drop-out being widened, deepened, and 

lengthened. Side slopes of the excavation should be maintained in accordance with OSHA requirements.   

4. After the “throat” has been exposed, the throat should be plugged, and the excavation initially backfilled with a 

layer of Tennessee Department of Transportation (TDOT) Class A-1 rip rap or shot rock of similar dimension 

previously generated from other site projects. Thereafter, the rip rap or shot rock should be backfilled to a depth 

determined in the field by the Engineer and Contractor. 

5. Above the layer of rip rap, #2 sized stone (American Association of State Highway and Transportation Officials, 

AASHTO) should be placed. The #2 Stone should fill gaps within the top of the rip rap or shot rock layer and 

constitute an additional minimum thickness of 6-inches. The material should be compacted in place using the 

excavator bucket.  
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6. Above the #2 stone, #57 stone (AASHTO) should be placed and compacted in a similar manner. Maximum 

individual lift thickness of #57 stone should not exceed 12 inches. 

7. Above the #57 stone, the contractor should place and compact crusher run dense graded aggregate (in 

accordance with TDOT Standard Specification Section 903.05). The material should be compacted to maximum 

6-inch horizontal lifts and compacted to at least 95 percent of the modified Proctor maximum density. A minimum 

of 12-inches of compacted dense graded aggregate is recommended. 

8. Above the compacted dense graded aggregate, compacted soil fill should be placed. Soil fill should be placed 

and compacted to at least 95 percent of the standard Proctor maximum dry density and within +2/-2 percentage 

points of the optimum moisture content. A minimum overall thickness of 24-inches of compacted clay is 

recommended. The finished ground surface should be graded to promote positive drainage away from the 

repaired feature. 

Upon completion, each repair will be documented by the Engineer and observations and quantities compiled in a daily 

report for distribution to the project team. The limits of each repair, including depths where they can be safely measured, 

will be recorded using survey methods for documentation and reporting.  A conceptual diagram illustrating the 

recommended sinkhole repair procedure is provided in Figure 4. Please note that this is the recommended approach, 

but the thickness of various layers and type of aggregate may change based on conditions encountered in the field. 

5.2.2 Karst Features in Bedrock 

AECOM expects that some karst features will be exposed at the bedrock surface as voids or vertical joints. These 

features have previously been encountered at GAF following excavation during construction of other projects. A 

photograph showing a typical karst feature exposed within 12-inches of the bedrock surface following excavation is 

provided in Figure 5. 

Karst features exposed in bedrock or very near the bedrock surface should also be repaired. Initially, identified areas 

should be made into exclusion zones as recommended for sinkholes and notifications made to TVA. TVA will then notify 

TDEC. Generally, repair of these features should consist of widening the feature as needed to clean out any loose 

material that has accumulated and expose bedrock along all sides. After over-excavation, the joint should be backfilled 

to the surface of the rock with flowable fill (Controlled Low Strength Materials, CLSM) designed as a high flowability 

mix in accordance with the guide specification for CLSM issued by the National Ready Mixed Concrete Association. 

The CLSM should be allowed a minimum of 48-hours to field cure prior to performing any subsequent construction 

activities within the exclusion zone. Alternative procedures may be pursued depending on the width of the exposed 

feature. 

5.3 Repair of Sinkholes by Grouting 

If a sinkhole occurs during dewatering and excavation activities within CCR areas and cannot be addressed through 

over-excavation and backfilling, the following grouting procedures are anticipated to be performed. As noted above, the 

Contractor will be required to provide a work plan prior to initiating the grouting measures discussed below, and as a 

result, means and methods associated with the grouting may vary.  In addition, if a remediation method beyond what 

is discussed in this document is proposed by the Contractor, the Engineer and TVA will review and submit to TDEC.  

1. The Contractor will cease all work at the location and establish an exclusion zone within a 50-ft radius (or more if 

warranted based on observed conditions) of the observed sinkhole and prepare a work plan for the proposed 

grouting operation. Notification will be made to TVA. TVA will then notify TDEC. 

2. Additional groundwater monitoring may be initiated in accordance with the TDEC reviewed work plan.  

3. Geotechnical instrumentation installed within the APC by the Contractor in the nearest vicinity of the sinkhole shall 

be reviewed to assess pore water pressure conditions in the subgrade.  

4. The Contractor shall perform ground stabilization at the feature to allow for repair activities to proceed safely in 

accordance with the submitted Ground Stabilization Plan and the instrumentation data.   
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5. As part of the ground stabilization plan, initial remediation of the sinkhole will be performed by backfilling with 

dense graded aggregate stone to re-establish the surface and reduce the potential for slips, trips, and falls. The 

approximate lateral limits of the sinkhole will also be marked and surveyed. In addition, localized grading should 

be performed to direct surface water flow away from the feature.  

6. A two-part system of low mobility grouting repairs is anticipated.  

Initial compaction grouting is anticipated around the perimeter of the sinkhole area. Then, final grouting directly at the 

suspected sinkhole location utilizing higher injection pressures and a higher slump mix in conjunction with the resistance 

generated by the initial compaction grouting barrier. Each stage of the grouting procedure is discussed below.  

5.3.1 Initial Compaction Grouting 

Compaction grouting uses a material blend of fine aggregate, fines and water to achieve a pumpable, thixotropic, 

viscous grout of a low slump to enable pumping at high pressure and remain intact after injection.  The grout does not 

penetrate soil pores but displaces the subsurface soils by forming a homogeneous grout bulb near the grout pipe tip.   

Compaction grouting leads to a reinforced composite subgrade, with the relatively tightly spaced grout bulbs leading to 

arching of the overburden between the bulbs and reducing the risk of sudden settlement. Therefore, the risk of sinkhole 

collapse is reduced within areas where compaction grouting has been performed.  

As discussed, the Contractor will submit a work plan including proposed grouting locations and operations for review 

by the Owner and Engineer. The Engineer may then revise initial location plan consisting of primary grout injection 

holes.  The primary injection locations should be located around the sinkhole. As the primary locations are performed, 

a real time evaluation of the grouting data will be used to determine the need for additional injection points.  The grouting 

process is iterative and typically performed in a primary/secondary/tertiary sequence based on specific conditions 

exposed in the field. 

Grout holes shall be advanced to top of rock. The Grouting Contractor will provide the capability to pre-drill or advance 

through boulders or obstructions to reach top-of-rock elevations that are reasonable compared to the expected top of 

rock elevation based on existing site subsurface data or to the satisfaction of the Engineer.   

Initial compaction grouting should be performed at the cap grouting locations by injecting low mobility grout bulbs in 

approximate 2-foot stages extending from refusal to no higher than 5-feet below the ground surface. At each 2-foot 

stage, grout would be injected until one of the following cut-off criteria is met: 

• Sustained pumping at an effective pressure of 75 pounds per square inch (psi)  

• An injected grout volume equal to 1 cubic yard and a maximum injection rate of 2 cubic feet per second.  

• Any singular, upward movement of the adjacent ground surface in excess of 0.5-inch 

Note: Grout injection that occurs under gravity flow only (no pressure generated in the line) are likely filling an open 

void, which is a desirable effect. Therefore, volume cut-offs will not be considered if no pressure is developed during 

grout placement. In this case, the Engineer and Contractor shall determine the cut-off criteria.  

Compaction grout should be injected at the point of placement with a slump between 0 and 3 inches.  

5.3.2 Final Compaction Grouting 

After the initial compaction grouting activities have been performed, grouting is anticipated at the suspected throat 

location and between other initial compaction grouting locations. The purpose of final locations will be to fill additional 

voids in the subsurface and cap the underlying bedrock to minimize sinkhole formation. This grouting is not intended 

to extend into the underlying rock, but rather create a cap at the soil-rock interface to minimize the migration of fines 

into the underlying rock, until the point which all CCR is removed from the area. This type of grout program is intended 

to allow the continued movement of water in the underlying bedrock while minimizing overburden erosion.  It should be 
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noted that the grout columns themselves will be rippable and will be removed as CCR excavation progresses.  Once 

exposed, the cap at the soil-rock interface will be inspected to confirm the repair was adequate. 

The Contractor will submit a work plan including proposed final grouting locations and operations for review by the 

Owner and Engineer. Grout holes shall be advanced to top of rock. The Grouting Contractor will provide the capability 

to pre-drill or advance through boulders or obstructions to reach top-of-rock elevations.   

Final compaction grouting should be performed at the cap grouting locations by injecting low mobility grout bulbs in 

approximate 2-foot stages extending from refusal to no higher than 5-feet below the ground surface. At each 2-foot 

stage, grout would be injected until one of the following cut-off criteria is met: 

Final grouting cut-off criteria will differ slightly from the initial grouting criteria, as follows;  

• Sustained pumping at an effective pressure of 150 psi or sustained effective pressure increase by judgement of 

the Engineer and Contractor. 

• An injected grout volume equal to 2 cubic yards and a maximum injection rate of 2 cubic feet per second.  

• Any singular, upward movement of the adjacent ground surface in excess of 0.5-inch 

Note: Grout injection that occurs under gravity flow only (no pressure generated in the line) are likely filling an open 

void, which is a desirable effect. Therefore, volume cut-offs will not be considered if now pressure is developed during 

grout placement. In this case, the Engineer and Contractor shall determine the cut-off criteria.  

For this stage of grouting, the slump of the mixture should be more mobile, between 3 to 6 inches. 

Depending on the results of secondary grouting, tertiary grouting operations (to be performed in accordance with 

secondary grouting procedures provided above) may be undertaken if deemed appropriate by the Engineer and 

Contractor.  

5.3.3 General Grouting Requirements 

The grout mix should generally consist of fly ash, cement, water, and naturally occurring aggregate. Additives may be 

used as necessary subject to the review of the Engineer. Fly ash, if used in the grout mix, shall be in conformance with 

ASTM C618, Type F, if available (Type C as an alternative). Portland Cement used for grout shall be in conformance 

with ASTM C150, Type I or Type II.  Other cement types may be used subject to the Engineer’s review.  Cement can 

be delivered to the job site in bags or by bulk delivery.  Bulk delivered cement shall be stored in appropriate silos or 

other containers specially designed for cement storage.  Any cement storage facilities shall be subject to the Engineer’s 

review. Fine aggregate shall be in conformance with ASTM C33. Sand should have a fines content (percent passing 

No. 200 sieve) of not less than 5 percent and not more than 20 percent. All aggregates used in the grout mixture should 

be non-calcium carbonate based due to the potential reaction with CCR.   

Upon discharge into the pump hopper or holding tank, the grout must be continuously agitated.  Mixed grout may not 

be held in the agitator for more than 90 minutes unless a set retarder, reviewed and accepted by the Engineer and 

Owner, is used. 

Grout pipes, casings, and connections shall be steel casing of adequate strength to maintain the hole and to withstand 

the required installation, jacking and pumping stresses. The pipes shall be of a sufficient diameter to adequately handle 

the specified material without plugging. All casing shall be flush joint threaded or a single piece tubing to provide a 

smooth inner wall and unobstructed inside diameter. All fittings (elbows, bends, adapters, reducers, etc.) shall be long 

sweep, gradual transition pieces specifically designed and manufactured for high pressure grout and concrete pumping 

applications. Standard pipe elbows and reducers will not be allowed. It shall be the Grouting Contractor’s responsibility 

to install casing that does not detrimentally impact the grouting procedure. 

Performing grouting under pressure in near proximity to existing infrastructure can result in uplift or other structural 

damage. For this project, when performing grouting within 100 feet of the perimeter dike, divider dike, or haul road, 

continuous monitoring of the structure should be performed during the grouting process, and any upward movement of 
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½ inch should result in immediate termination of grouting activities. The Grouting Contactor should be responsible for 

all aspects of monitoring of existing site infrastructure during grouting activities. The monitoring system should be 

equipped with an audible alarm or other approved warning signal.  

6 General Recommendations 

It is not possible to accurately predict the development or occurrence of sinkholes at the ground surface.  However, 

some key data can provide a general idea as to the relative risk of a sinkhole to occur and for preparations to be made 

accordingly. Particularly, these general recommendations should be considered at the stage of closure where CCR 

thickness has been reduced and dewatering has drawn the water elevations to near the existing ground surface. The 

following recommendations should also be implemented as part of the karst mitigation plan:  

Existing instrumentation within the existing perimeter dike and new instrumentation to be installed within the interior 

limits of the APC will be monitored by the Owner, the Engineer, and the Contractor during closure as part of the 

Instrumentation Monitoring activities. Data pertaining to pore water pressure and lateral and vertical deflection will be 

generated at regular intervals (to be determined) and monitored/reviewed. This data will be primarily used to assess 

structural stability during closure, but aspects of the data can also be used to assist with assessing karst risk. For 

example, sudden vertical settlement could be an indication of a sinkhole collapse as well as an indication of a static 

liquefaction failure. As discussed, sudden intense precipitation events, or long, continuous periods of above average 

precipitation can lead to incipient sinkhole formation. The groundwater response (amount of rise and fall, and rate of 

rise and fall) to precipitation as observed in vibrating wire piezometers and open standpipe piezometers can be very 

instructive in identifying localized high-risk sinkhole locations. Therefore, daily instrumentation data should be assessed 

for karst potential as well, instrumentation and monitoring requirements will be developed in a Surveillance and 

Instrumentation Monitoring Plan (SIMP) prior to construction.  

In addition to instrumentation monitoring, visual observations of the site shall be made on a daily basis by the Contractor. 

Visual observation and daily documentation shall include visual observation of dropouts or settlement at the ground 

surface.  

A contingency of materials should be maintained on site (see Section 7 below) to allow for rapid, emergency sinkhole 

repair as described in Section 5.  

7 Contingency Plan 

For the duration of the closure project, the Contractor should maintain and re-supply as needed the following on-site 

contingency materials for potential use in karst mitigation:  

• 1,000 cubic yards of ASTM C33 filter sand 

• 1,000 cubic yards of AASHTO #57 Stone 

• 1,000 cubic yards of rip rap 

• Silt Fence (1,000 ft) 

• Erosion Control Blankets  

• Yellow Caution Tape (500-ft) and Stakes (50) to mark off necessary areas 
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Figure 4.  Conceptual Soil Drop-Out Repair   



 

 

 

Figure 5.  Typical Example of a Karst Feature Exposed in Bedrock 
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1 Introduction 

On July 24, 2019, the Davidson County Chancery Court entered a Consent Order (Order) in Case No. 15-23-IV 

reflecting an agreement between the Tennessee Valley Authority (TVA), the State of Tennessee, the Tennessee 

Department of Environment and Conservation (TDEC), and certain Plaintiff-Intervenors to close the Ash Pond Complex 

(APC) located at the Gallatin Fossil Plant (GAF) located near Gallatin, Sumner County, Tennessee. For purposes of 

the Order, the APC consists of the Bottom Ash Pond, Middle Pond A, Ash Pond A, Ash Pond E, and Stilling Ponds B, 

C, and D as shown in Figure 1.  The removal of coal combustion residuals (CCR) from the APC will be conducted in 

general accordance with the following governing documents: 

• Interim Source Removal Process (ISRP) (TVA, 2019), which addresses TVA’s process for removal of CCR and 

describes source removal activities and quality assurance activities in a general manner. The ISRP is included as 

Attachment D. 

• Interim Source Removal Quality Assurance Project Plan (ISR QAPP), (Environmental Standards, 2019).  The ISR 

QAPP governs the quality aspects of the sampling and analytical activities associated with source removal. The 

ISR QAPP is included as Attachment E. 

The purpose of this Source Removal Construction Quality Assurance Plan (SR CQAP) is to describe the site-specific 

Construction Quality Assurance (CQA) procedures associated with removal of CCR from the APC.  Specifically, this 

document outlines procedures for visual inspection and documentation of CCR removal, surveying and grid layout, 

proposed sampling locations, and reporting that will be provided at the completion of construction to document source 

removal activities.  

2 Project Description 

The removal of CCR and closure of the APC at GAF is proposed to consist of the following activities: 

• Free water removal from Ash Pond A and the Stilling Ponds; 

• Pore water removal from Ash Pond A, Ash Pond E, Middle Pond A, and, Bottom Ash Pond to the extent necessary 

for safe access and CCR removal; 

• Removal of CCR from the Ash Pond A, Ash Pond E, Middle Pond A, Bottom Ash Pond, and Stilling Ponds B, C 

and D. 

This SR CQAP outlines the procedures for the sampling of underlying native soils, after the removal of the CCR within 

the APC. The underlying assumption is that CCR in all portions of the APC will be removed by conventional dewatering 

and excavation. 

3 Interim Source Removal and Testing of 
Subgrade 

Sampling and analytical testing of the native soil materials is required after CCR removal from the floor of the APC.  

After removal of the CCR is completed, sampling and testing shall begin, and the Contractor shall not conduct any 

further work on the APC floor until approved to do so by TVA.  The following TVA Technical Instructions shall apply: 

• ENV-TI-05.80.01 Planning Sampling Events; 

• ENV-TI-05.80.02 Sample Labeling and Custody; 

• ENV-TI-05.80.03 Field Record Keeping; 

• ENV-TI-05.80.04 Field Sampling Quality Control; 
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• ENV-TI-05.80.05 Field Sampling Equipment and Decontamination; 

• ENV-TI-05.80.06 Handling and Shipping of Samples; and 

• ENV-TI-05.80.50 Soil and Sediment Sampling. 

3.1 Interim Source Removal CQA Team 

The ISR CQA team will consist of personnel assigned to the project who will be responsible for implementing and/or 

enforcing this SR CQAP.  The organization chart and lines of communication for interim source removal activities is 

shown in Figure 2 below.  Roles and responsibilities for each position identified in the organization chart shall be as 

defined in the ISR QAPP, Section 2. 

 

Figure 2.  Organization Chart for Interim Source Removal 

3.2 Source Removal 

The steps outlined in the subsequent subsections below will be taken to confirm CCR source removal sufficient to 

satisfy project-specific design criteria.  Refer to ISRP, Section 2, and ISR QAPP, Sections 7 and 8. 

TVA proposes to manage the removal and source removal CQA activities on a unit by unit basis. This is consistent with 

the management of the units under the CCR Rule on an individual basis (for those units that are subject to the rule). 

The units comprising the APC have discrete boundaries supporting this unit by unit approach. The various 

impoundments may be further divided into subunits for post-CCR removal verification testing. The intention is that once 

a subunit is cleared (met the objectives of post-excavation verification testing), the removal actions associated with that 

subunit will be considered complete. If other subunits within the impoundment are subject to over-excavation, as 
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dictated by exceeding established threshold values, only the other subunit will be over excavated. The other units within 

the impoundment that have already been “cleared” will not be subject to revisiting for over-excavation. 

This approach is a site-specific scaled adaptation of the ISRP given the size of the impoundments at GAF. Because of 

the size of the units at GAF, TVA wants to maintain additional flexibility in managing the units on a sub-unit basis tied 

to the removal Contractor’s planned sequencing of operations. 

3.2.1 Establish Geo-Referenced Quality Control Grid 

A 100-foot (ft) by 100-ft quality control (QC) grid across the floor of each of the units in the APC has been developed in 

accordance with ISRP Section 2.1 and is presented in the unit specific Figures A.1 through A.7 in Attachment A.  The 

number of QC grids in each unit is summarized in Table 1 below. 

Table 1.  Summary of QC Grids 

Unit Number of QC Grids Number of Grids for CCR 

Analysis 

Number of Grids for PLM 

Analysis 

Ash Pond A 820 82 164 

Ash Pond E 633 63 126 

Middle Pond A 137 14 28 

Bottom Ash Pond 65 7 14 

Stilling Pond B 121 12 24 

Stilling Pond C 83 8 16 

Stilling Pond D 34 4 8 

PLM – Polarized Light Microscopy 

The contractor will be responsible for surveying and establishing the geo-referenced QC grids and center points in the 

field as excavation is completed in each grid area.  The center points shall be marked with survey stakes which are 

labelled and tagged with high visibility flagging.  Any stakes that are damaged or disturbed during field activities shall 

be replaced and documented.  In addition, the contractor’s surveying activities shall include delineation of the 445 ft 

National Geodetic Vertical Datum of 1929 (NGVD29) elevation.  The CQA Manager or designee will use a global 

positioning system (GPS) unit to capture the coordinates of the staked center points.  Each stake will be photographed 

and documented in a field book or log indicating grid point number/ID, and northing and easting.  Along with the GPS 

coordinates of the grid center point, coordinates will be recorded for each of the four grab sample locations (one from 

each of the four quadrants within the established grid) used to form a composite sample in accordance with the ISRP 

Section 2.3.  These locations will be included in the CQA Report. 

If grids are not accessible due to standing water or extremely muddy conditions, the grid will not be staked nor sampled. 

Instead, an adjacent grid will be selected for sampling in accordance with the ISRP Section 2.3. 

3.2.2 CCR Removal 

The Contractor who is performing the work will remove CCR in accordance with the TDEC approved Removal Plan 

and ISRP Section 2.2. The site-specific geologic conditions underlying the APC include the potential for CCR materials 

to be in direct contact with the underlying bedrock. CCR removal activities within a specific grid will be terminated when 

bedrock is encountered.  CCR removal will be completed to the extent practical with the excavation equipment being 

used by the Contractor. If cases where bedrock is encountered and prohibits further removal of CCR materials, notes 

to this effect will be recorded in the Daily Report including the QC grid identification and photographs of the conditions 

at termination of CCR removal. 

As discussed in the Karst Mitigation Plan, source removal verification may not be possible in areas where karst features 

were repaired using grouting procedures.  However, these repaired areas will be inspected following removal of the 

CCR, and improvements will be made on an as needed basis.  It should also be noted that composite samples shall 



 

Source Removal CQA Plan – Rev 1 
Ash Pond Complex 
Tennessee Valley Authority 
Gallatin Fossil Plant 

 

 

GAF_APC_SourceRemovalCQAPlan.docx  5 

not be collected from within the limits of areas that were repaired by over-excavation and backfilling since the material 

used in backfilling is required to consist of visually clean soil. 

3.2.3 Visual Inspection and Documentation of CCR Removal 

The removal of CCR from the APC and the determination of non-CCR material shall be field-verified by visual 

observation, per the ISRP Section 2.2.  The required members of the CQA Team who will field-verify the CCR removal 

include the following personnel: 

Engineer CQA Field Representative 

Contractor Construction QC Field Representative 

TVA Construction Manager 

Visual inspection will be completed by walking each 100-ft by 100-ft grid and visually confirming the removal of CCR. 

Photographic logs will be maintained by the engineering CQA Manager providing photographs of each grid during visual 

inspection of the grid. An example photographic log is provided in Attachment B.  Ground elevations after CCR removal 

will be documented via a field survey by the Contractor’s professional surveyor licensed in Tennessee. 

3.3 Composite Soil Sampling 

Composite soil sampling will be performed after CCR has been removed from the APC, visual inspection completed, 

the pond floor deemed to be clear of CCR (or extent practical if excavation was terminated due to encountering bedrock 

or karst feature), and the QC grid has been staked (unless staking is not possible due to encountering bedrock).  Sample 

collection from the underlying native materials shall be done in accordance with the ISRP Section 2.3, the ISR QAPP 

Sections 7 and 8, and the TVA Technical Instructions ENV-TI-05.80.50 Soil and Sediment Sampling, ENV-TI-05.80.02 

Sample Labeling and Custody, ENV-TI-05.80.04 Field Sampling Quality Control, and ENV-TI-05.80.05 Field Sampling 

Equipment and Decontamination. 

If the bottom of the excavation is unable to be maintained in a dry condition, alternative soil sample collection methods 

specified in ENV-TI-05.80.50, such as Vibracore sampling, may be employed to collect the discrete samples for the QC 

grid composite sample. 

Collected composite samples will be transported to Eurofins Test America and RJ Lee or other testing laboratory 

selected by TVA for laboratory testing, in accordance with the ISR QAPP Section 9, and TVA Technical Instructions 

ENV-TI-05.80.06 Handling and Shipping of Samples. 

Field record keeping shall be done in accordance with TVA Technical Instructions ENV-TI-05.80.03 Field Record 

Keeping. 

3.3.1 Sample Collection for Analysis of CCR Parameters 

Ten percent of the 100-ft by 100-ft QC grid cells will be sampled and submitted for analysis of CCR constituents in 

accordance with the ISR QAPP.  

The collected soil samples will be shipped to the Eurofins Test America for the analysis of CCR constituents in 

accordance with the ISR QAPP.  The contact and address for the laboratory is: 

Eurofins Test America Laboratories, Inc. 

301 Alpha Drive 

Pittsburgh, PA 15237 
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The laboratory contact for Eurofins Test America is:   

Ms. Gail Lage 

gail.lage@testamericainc.com 

If changes in testing laboratories occur during the implementation of this project, TVA will provide the selected laboratory 

information to TDEC. 

3.3.2 Sample Collection for Analysis of Percent Ash 

Twenty percent of the 100-ft by 100-ft QC grid cells will be sampled and submitted for microscopic analysis of 

percentage of ash, using polarized light microscopy (PLM) in accordance with the ISR QAPP, as shown in Attachment 

A. 

The collected soil samples will be shipped to RJ Lee for the PLM analysis in accordance with the ISR QAPP.  The 

address for the laboratory is: 

RJ Lee Group 

350 Hochberg Road | Monroeville, PA 15146 

724.387.1927 Direct 

The laboratory contact for RJ Lee Group is:   

Ms. Monica Carse 

MCarse@rjleegroup.com 

If changes in testing laboratories occur during the implementation of this project, TVA will provide the selected laboratory 

contact information to TDEC. 

3.4 Results Evaluation 

The analytical results for CCR constituents will be evaluated in accordance with the ISRP Section 2.5 and the ISR 

QAPP. Site-specific screening criteria are provided in the Risk-Based Closure Approach Memorandum provided as 

Attachment C. Risk-based screening values for areas of the APC to be inundated (elevations less than 445 ft NGVD29) 

are presented separately from areas of the APC with final excavated elevations greater than 445 ft NGVD29 in 

Attachment C. The reason for two sets of criteria has to do with the potential exposure pathway from residual soil and 

surface water. For areas below 445 ft NGVD29, the pathway is direct from residual soil to surface water. For areas 

above 445 ft NGVD29, the pathway is residual soil to groundwater to surface water.  

Results of analytical sampling and PLM analysis will be provided in a tabular format for each grid sampled and provided 

in the Source Removal Record Document described in Section 3.6 of this SR CQAP. 

Evaluation of analytical results will follow the appropriate flow chart (soil, soil to groundwater, soil to surface water, and 

groundwater) included in Attachment C. 

Section 2.6 of TVA’s Interim Source Removal Process (TVA, 2019) programmatic document presents over-excavation 

of the entire CCR management unit if a single grid cell composite sample from the visually-clean surface does not meet 

the site statistically significant levels (SSLs) for CCR constituent concentrations. This programmatic document will be 

followed for the GAF removal action with the site-specific scaled adaptation to the impoundment subunit level. Up to 

one-foot of remaining native soil in the impoundment sub-unit would be over-excavated. Any QC grids that did not meet 

site SSLs would be re-sampled for CCR constituents.  

TVA is proposing as a minor deviation from the programmatic document to, at its own discretion, proceed with over-

excavation of additional soils without awaiting delivery of post-CCR removal QC soil sample results or review of the 

analytical results. This decision may be driven by the expected 50-day duration from sample collection to receipt of 

validated analytical results for Radium and/or the removal Contractor’s planned excavation sequencing/schedule. 

mailto:gail.lage@testamericainc.com
mailto:MCarse@rjleegroup.com
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3.5 Data Validation 

Data validation shall be performed in accordance with ISRP Section 2.7 and the ISR QAPP. 

3.6 Source Removal Record Document 

A Source Removal Record Document will be prepared annually (to be submitted with Removal Plan Annual Report) 

and following completion of removal activities to document the source removal process.  The report will include:  

• A narrative description of the work performed;  

• Daily field reports maintained by the CQA Field Representative; 

• Photographic logs of each grid cell following visual inspection; 

• As-built surveys upon removal of CCR; and  

• The evaluation of analytical laboratory results for each grid cell. 

The Source Removal Record Documents will be prepared and certified by a Professional Engineer licensed in 

Tennessee. 

4 References 

Environmental Standards (2019), Quality Assuarance Project Plan, Tenneesee Valley Authority Source Removal 

Projects, Revision 0, January 2019 

Tennessee Valley Authority (2019), Interim Source Removal Process, January 11, 2019. 
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Attachment B – Example Daily Report  



DAILY ACTIVITY AND OBSERVATION REPORT

Date:  xx/xx/xxxx

Facility Name: TVA Gallatin Fossil Plant Project: APC Closure
Source Removal Construction Quality Assurance Project Phase:

TVA Project #: AECOM Project #: Consecutive Report No.:

Summary of ISR CQA Activities (Include Additional Sheets as Necessary); Document compliance with ENV-TI-05.80.50 Soil and
Sediment Sampling

Personnel on site

Equipment used on site; Document compliance with ENV-TI-05.80.05

Samples collected and/or transported to laboratories (include photographs in photolog section)

Summary of Incidents / Accidents / Health & Safety Issues:

Directives / Approvals Given:

Visitors:



DAILY ACTIVITY AND OBSERVATION REPORT

Date:  xx/xx/xxxx
Weather: Cloudy / Rain Contractor Started Work: Field Representative Started Work:

 Temperature:
AM:
 xx° F

PM:
xx° F

Contractor Stopped Work:  Temperature:

Field Representative: Field Representative’s Signature: Date:

Reviewed by: Reviewer’s Signature: Date:



DAILY ACTIVITY AND OBSERVATION REPORT

Date:  xx/xx/xxxx
(Daily progress photos)
(Add as many photolog sheets as necessary)

(Description)

(Photo) (Photo)

(Description) (Description)

(Photo) (Photo)
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TDEC Tennessee Department of Environment and Conservation 
TVA Tennessee Valley Authority 
USEPA U.S. Environmental Protection Agency 
USGS U.S. Geological Survey 
UTL Upper Tolerance Limit 
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1. Introduction 
 
Tennessee Valley Authority (TVA) retained Haley & Aldrich, Inc. (Haley & Aldrich) to provide a 
preliminary evaluation of a risk-based closure approach for the potential exposure pathways for soil at 
the Ash Pond Complex (APC) at the TVA Gallatin Fossil Plant (GAF). 
 
1.1 OBJECTIVE 
 
TVA will be closing the Ash Pond Complex at GAF by removal of the coal combustion residuals (CCR), 
under the programmatic agreement with the Tennessee Department of Environment and Conservation 
(TDEC).  The Interim Source Removal Process and Interim Source Removal Quality Assurance Project 
Plan guidance documents are provided in Attachments D and E of the Source Removal Construction 
Quality Assurance Plan, respectively.  This document, which is Attachment C of the Interim Source 
Removal Process document, provides the risk-based closure approach to identify the appropriate extent 
of excavation of the native soil at the base of the pond.  This approach uses site-specific risk-based 
screening levels for soil to determine when excavation is complete. 
 
The final site restoration has not yet been determined.  However, the Removal Plan indicates [see that 
Plan for more detail]: 
 

Site restoration activities will be completed following the CCR removal required by the Order.  
Areas of the site may be restored as removal progresses based on contractor phasing of the 
work.  However, final site restoration may be completed following the 20-year removal timeline 
required by Section 2.f of the Order.  
 
At a minimum, the site will be graded to promote positive drainage and adequately manage 
storm water.  Borrow soils from existing on-site soil stockpiles or an off-site TVA borrow site 
may be used during site restoration.  Disturbed areas will be seeded with native grasses for 
erosion control in accordance with the SWPPP [Stormwater Pollution Prevention Plan]. 
 
Post-excavation, the site will resemble the land’s valley shape before the APC was created.  
Areas of the site located below the Cumberland River’s normal water surface elevation are 
expected to result in a ponded area over a portion of the site. 

 
For the purposes of this evaluation, two options are considered:  the post-excavation area results in a 
ponded area up to approximately +445 feet Mean Sea Level (MSL) (the typical stage of the Cumberland 
River), or an alternative where the area could be backfilled with clean fill. 
 
The media of interest are the soils remaining post-excavation, groundwater, and surface water.  This 
report describes the risk-based closure approach for determining comparison values for soil based on 
background concentrations and protection of human health and the environment via soil, groundwater, 
and surface water exposure pathways.     
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1.2 BACKGROUND 
 
On July 24, 2019, the Davidson County Chancery Court entered a Consent Order (Order) in Case No. 15-
23-IV reflecting an agreement between the TVA, the State of Tennessee, the TDEC, and certain Plaintiff-
Intervenors to close the APC located at the GAF located near Gallatin, Sumner County, Tennessee.  TVA 
is proposing to excavate the CCR from the APC and place the material within a dedicated lateral 
expansion to the North Rail Loop (NRL) landfill, referred to as the South Rail Loop (SRL) landfill. 
 
This report addresses soils remaining post-excavation and addresses direct contact pathways, the soil-
to-groundwater pathways, the groundwater-to-surface water transport and potential exposure 
pathways, and the potential soil-to-surface water pathway if the final restoration results in a ponded 
area.  Based on the pathway evaluations, risk-based screening levels have been developed to evaluate 
soils remaining post-excavation at the Ash Pond Complex.  Risk-based screening levels for groundwater 
and surface water have been developed to support this evaluation.  Comparison of site data to these 
screening levels will be conducted in a separate report, once the excavation work is completed. 
 
1.3 CONCEPTUAL SITE MODEL AND RISK-BASED EVALUATION APPROACH TO CLOSURE 
 
A human health and ecological exposure-based conceptual site model (CSM) has been developed to 
support the tiered evaluation, as described below.  Figure 1 shows the location of GAF, and Figure 2 
shows the site plan and the Cumberland River.  The Ash Pond Complex includes Ash Pond A, Ash Pond E, 
Middle Pond A, Bottom Ash Pond, and Stilling Ponds B, C, and D.  Figure 3 presents the CSM. 
 
The Ash Pond Complex will be closed by removal of the CCR material.  After CCR material is excavated, 
up to an additional one (1) foot of underlying native soils may be removed, however, it is anticipated 
that bedrock will be exposed at some locations.  The remaining soil will be evaluated as described in this 
document.  As noted above, the final method of restoration of the excavated pond has not yet been 
determined.  For the purposes of this evaluation, two options are considered:  the post-excavation area 
results in a ponded area up to approximately +445 feet MSL (the typical stage of the Cumberland River), 
or an alternative where the area could be backfilled with clean fill. 
 
Native soil remaining after the excavation is completed may contain residual levels of CCR-derived 
constituents.  To evaluate this potential, data collected for soils sampled in background locations are 
used to calculate a background level to which constituent concentrations in post-excavation composite 
soil samples will be compared.  In addition, three potentially complete direct contact exposure pathways 
have been identified for the post-excavation soil: direct contact by 1) an industrial worker, 2) a 
construction worker, and 3) ecological receptors should the final method of restoration result in a 
ponded area.  If the post-excavation area is backfilled with clean fill as the selected method of 
restoration, post-excavation soil would not be accessible to terrestrial receptors.  Construction worker 
receptors are included in the backfill with clean fill scenario assuming that exposure to remaining post-
excavation soils could potentially occur during future construction/excavation activities below the clean 
fill depth.  Per TDEC, industrial receptors are also evaluated as the first step in the screening process, 
then construction workers.  Results for post-excavation soil samples will be compared to background soil 
levels and to the relevant risk-based screening levels for ecological receptors and/or both worker types.  
Details and flowcharts of the screening process are presented in Section 2. 
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Under the ponding scenario, native soil remaining after the excavation is completed may serve as a 
continuing source of CCR-derived constituents to surface water.  Although ecological sediment screening 
levels are generally considered to be protective of surface water, at the request of TDEC, site-specific 
soil screening levels have been developed for the soil-to-surface water pathway.  Post-excavation soil 
sample results will be compared first to the background soil levels, direct contact screening levels, and 
to the soil-to-surface water screening levels. 
 
Native soil remaining after the excavation is completed may serve as a continuing source of CCR-derived 
constituents to groundwater.  To evaluate this potential, site-specific soil screening levels have been 
developed for the soil-to-groundwater pathway, and post-excavation soil sample results will be 
compared first to the background levels and then to the soil-to-groundwater screening levels. 
 
CCR-derived constituents potentially present in groundwater when the excavation is complete may 
move to adjacent surface water.  Groundwater beneath the Ash Pond Complex currently flows towards 
the Cumberland River; if the final method of restoration includes ponding of water, groundwater may 
also flow into the new ponded area.  Groundwater data appropriate for the evaluation of the Ash Pond 
Complex will be evaluated in the final report for the project.   
 
On-site groundwater is not used as drinking water or for any other purposes.  There are water supply 
wells within a 1-mile radius of the facility.  These were identified from a well survey conducted under 
the GAF Environmental Investigation (EI) and presented in the report entitled:  Summary of Water 
Supply Well Survey and Sampling Activities, Gallatin Fossil Plant, Gallatin, Tennessee, 2 November 2017 
(Haley & Aldrich, 2017).  The wells are located on 25 properties.  Gallatin municipal water is available in 
the area.  Access agreements were obtained for nine (9) properties and sampling for inorganics 
conducted for 11 wells on those properties.  As shown in Table 7 of Haley & Aldrich, 2017, none of the 
constituents detected in water supply well samples are reported at concentrations above federal 
primary drinking water standards, and only a few well results were above the state drinking water 
standard for total dissolved solids.  The water supply wells sampled by TVA are not used for drinking 
water purposes.  However, wells for which TVA did not gain access to sample could be used for drinking 
water.  Based on the presence of these wells, the groundwater pathway is designated as potentially 
complete for current and potential future use of groundwater as drinking water.   
 
The Cumberland River is used for recreation, including boating and fishing.  The river is also a source of 
drinking water; there are two nearby utilities that use the Cumberland River as the source of raw water 
for treatment for use as potable water.  The nearest downstream intake is for the City of Gallatin, 
approximately one mile downstream.  This and the closest upstream intake are shown on Figure 4. 
 
A surface water dilution and attenuation factor (SW-DAF) has been derived for groundwater that may 
flow to the Cumberland River.  The SW-DAF derivation is provided in Appendix C and the calculations 
are discussed below.  Concentrations in groundwater that are below the SW-DAF-applied risk-based 
screening levels for ecological receptors and human health recreational receptors will provide 
supporting evidence that the source removal can be considered to be complete; however, consideration 
must be given to historical groundwater conditions prior to excavation.  Note that groundwater will be 
addressed under Corrective Action, not by the source removal alone.  If there are groundwater 
concentrations above the screening levels, the specific instances will be evaluated in more detail to 
assess whether additional actions are appropriate.  For example, background levels of some 
constituents in the Cumberland River upstream and downstream of GAF are available from U.S. 
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Geological Survey (USGS) sources, and from data collected under the EI, that can be used to put the 
screening levels into context.  
 
2. Risk-Based Evaluation of Soil Remaining Post Excavation 
 
There are three exposure pathways evaluated for the post excavation soils.  These are listed below. 
 
Tier 1:  Direct Contact with Soils Pathway.  To address the direct contact with soils pathway, analytical 
results for potentially CCR-derived constituents for composite soil samples collected on a grid after 
completion of the Ash Pond Complex excavation will be compared to:  
 

1. Direct Contact Step 1 – Site-specific Background Threshold Values (BTVs) developed for 
background soils (see below). 

2. Direct Contact Step 2 – Soil screening levels from U.S. Environmental Protection Agency (USEPA, 
2020a) Industrial Soils Risk-Based Screening Levels (RSLs). 

3. Direct Contact Step 3 – Risk-based screening levels (RBSLs) developed for a site-specific 
construction/utility worker exposure scenario. 

4. Direct Contact Step 4 – If the selected method of restoration includes a ponded area, USEPA 
Region 4 Freshwater Sediment and Soil Screening Values (USEPA, 2018a). 

 
Tier 2:  Soil-to-Groundwater Pathway.  To address the soil-to-groundwater pathway, the post-
excavation soil samples will be compared to: 
 

1. Soil-to-Groundwater Step 1 – BTVs developed for background soils (see below). 

2. Soil-to-Groundwater Step 2 – Soil Screening Levels (SSLs) developed by USEPA (USEPA, 2020c) 
for the potential soil-to-groundwater leaching pathway based on the use of groundwater as 
drinking water. 

3. Soil-to-Groundwater Step 3 – Site-specific RBSLs derived for the potential soil-to-groundwater 
leaching pathway based on the protection of the use of surface water for drinking water, human 
recreation, and aquatic organisms. 

 
Tier 3:  Soil-to-Surface Water Pathway.  If the selected method of restoration includes a ponded area, 
to address the soil-to-surface water pathway, the post-excavation soil samples will be compared to: 
 

1. Soil-to-Surface Water Step 1 – BTVs developed for background soils (see below). 

2. Soil-to-Surface Water Tier 2 – RBSLs derived for the potential soil-to-surface water leaching 
pathway protective of the use of surface water as drinking water, human recreation, and 
aquatic organisms. 

 
2.1 STEP 1 FOR ALL PATHWAYS – DERIVATION OF BACKGROUND THRESHOLD VALUES FOR SOIL 
 
The purpose of the background soil evaluation is to develop a site-specific descriptor of background for 
constituents of interest, i.e., a site-specific BTV.  If a sample result is below the BTV, there is reasonable 
confidence that the constituent concentration is consistent with background.  By contrast, a sample 
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result above a BTV means only that statistically it cannot be determined to be consistent with 
background based on the available background dataset.  
 
Overburden soil samples were collected at 25 boring locations (one per 2,000-foot grid cell) across the 
Site.  The purpose of collecting and analyzing overburden samples was to calculate background 
concentrations of CCR Rule Appendix III and IV constituents in soil and leachate.  Drilling logs and soil 
analytical results were examined to identify potentially disturbed grid locations that might not represent 
background conditions due to historical plant construction work such as rail, dike, or building activity; 
eight of the 25 locations were considered non-background based on this evaluation.  These locations 
were approved by TDEC in response to the GAF EIP Sampling and Analysis Plan (SAP) for Overburden Soil 
Borings, Native Soil Characterization, and Seep Sampling Revision 1 (AECOM, 10/14/2016); approved by 
TDEC on 11/08/2016.  The 17 background sample locations used in this evaluation are shown on Figure 
5.   
 
Table 1a provides a list of the background soil samples used in this evaluation, and Table 1b provides 
data for the background soil samples.  These data are for samples collected in January and February 
2017.  Duplicate samples were treated similarly to other quality control samples and were reviewed but 
not included in this evaluation.   
 
Table 2 presents summary statistics and the calculated site-specific BTVs for the background soil 
dataset.  In accordance with USEPA guidance, BTVs were calculated using USEPA ProUCL Statistical 
Software for Environmental Applications version 5.1.002 (USEPA, 2016).  The selected BTV is the 95% 
Upper Tolerance Limit (UTL) with 95% coverage.  Appendix B presents the ProUCL output sheets.  
 
Descriptive statistics for constituents in the background soil dataset were computed and tabulated in 
Table 2.  These include the Frequency of Detection, Percent Detects, Range of Non-Detects (ND), Mean, 
Variance, Standard Deviation, Coefficient of Variation, 50th percentile, 95th Percentile, and Maximum 
Detects.  Information such as the requirement for a certain minimum number of samples and percent 
NDs were evaluated during this step.   
 
An analysis using the Dixon’s Outlier Test from USEPA ProUCL software (USEPA, 2016) indicated the 
presence of some outliers in the data set.  It is assumed that the background dataset used to estimate 
BTVs represents an unimpacted, single statistical population that is free from outliers.  However, since 
outliers are inevitable in most environmental data, the decision to include or exclude outliers in 
statistical computations was decided by the project team based on constituent and facility-specific 
knowledge.   
 
The following were considered for the outlier evaluation: 

• Proximity to potential source of contamination, and potential pathway to the soil boring; 

• Depth of soil sample and the nature of potential contamination source (e.g., surface source of 
contamination vs. subsurface soils); 

• Consistency between the individual 5-ft composite samples and the composite samples that span 
the entire sample range of the boring; 

• Knowledge of geology at the boring locations; and 
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• Concentrations of parameters in ash porewater samples. 
 
Based on this evaluation, there was no reason to exclude data from any of the background samples, 
with the exception of samples from GAP002, based on molybdenum identified as a potential outlier.  
Due to the boring’s proximity to the APC and data indicating molybdenum is elevated in the ash 
porewater, it was decided to exclude all GAP002 samples from the background dataset. 
 
The site-specific BTVs were generated using USEPA ProUCL software (USEPA, 2016), which also tests for 
normal, lognormal and gamma distributions to establish the appropriate distribution.  If the ProUCL test 
statistics suggested the data follow normal, lognormal or gamma distributions, parametric methods 
were utilized to estimate BTV values.  If the normality assumption was not met the data were 
considered to be distribution free, and non-parametric statistical methods were used to estimate BTV 
values.  The BTVs for the constituents were estimated using the appropriate parametric (normal, 
lognormal or gamma) or non-parametric Upper Tolerance Limits (UTL95-95) with 95% confidence and 
95% coverage. 
 
A tolerance limit is a confidence limit on a specified proportion of the population, rather than a 
confidence limit on the mean.  A UTL95-95 is a value for which there is a 95% probability (i.e., with a 
Confidence Coefficient (CC) of 0.95) that 95% of current and future observations from the target 
population will be less than or equal to that value.  Stated differently, the UTL95-95 represents a 95% 
UCL of the 95th percentile of the data distribution.  A UTL95-95 can be used as a BTV when there are 
numerous on-site observations.  For moderately-to-highly-skewed data sets such as those with a high 
percentage of NDs, if the detected observations in the left-censored data set follow a gamma 
distribution, then upper limits using Kaplan-Meier (KM) estimates in gamma UTL equations provide 
better results.  
 
The nonparametric upper limits (e.g., UTLs) are computed by the higher order statistics such as the 
largest, the second largest, the third largest, and so on of the background data.  The order of the statistic 
used to compute a nonparametric upper limit depends on the sample size, coverage probability, and the 
desired CC.  In practice, unless the sample size is large, non-parametric upper limits do not provide the 
desired coverage to the population parameter (upper threshold).   

Table 2 presents the estimated site-specific BTV values and applicable methods used in estimating these 
values.   
 
Note that a BTV was calculated for the sum of the radiums (radium-226 and radium-228).  However, this 
constituent is not carried forward for the development of risk-based screening levels.  Available 
groundwater data to date collected under the EIP indicate that groundwater is below the primary 
drinking water standard of 5 picoCuries per liter (pCi/L).  Should the sum of the radiums be present in 
post-excavation soils at levels above the BTV, additional risk-based evaluation will be conducted at that 
time. 
 
2.2 TIER 1 – DIRECT CONTACT PATHWAYS 
 
Figure 6 graphically depicts the soil screening steps.  Step 1 for all pathways is comparison of constituent 
concentrations in post-excavation soil to BTVs.  The remaining steps for the Tier 1 screening of soils are 
discussed in more detail below. 
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2.2.1 Direct Contact Step 2 – RSLs for Industrial Soils 
 
Table 3 identifies the RSLs for Industrial Soils (USEPA, 2020a).  The RSLs are published by USEPA for a 
default industrial worker exposure scenario, which assumes an exposure frequency of 250 days per year, 
8 hours per day, for a 25-year working duration.  Exposure routes include incidental ingestion, dermal 
contact, and inhalation of soil-derived dust.  Post-excavation soils within all areas of the former Ash 
Pond Complex will not be available for direct contact by industrial workers on a daily basis.  Therefore, 
using the USEPA RSLs for Industrial Soils as a screening level in this evaluation is a very conservative 
approach. 
 
Note that for all of the trace element constituents in Table 3, only arsenic is considered by USEPA to be 
carcinogenic by the ingestion route of exposure.  In the Federal Superfund program, the USEPA 
evaluates potential risk using the target risk range of 1 in 1 million (10-6) to 1 in ten thousand (10-4).  
USEPA generally requires a remedy if a site risk is above the 10-4 risk level (USEPA, 1991).  Therefore, for 
arsenic, the RSL selected for comparison (300 milligrams per kilogram (mg/kg)) is the lower of the 
noncancer (480 mg/kg) and 10-4 cancer risk-based (300 mg/kg) concentrations.  Consistent with the 
work conducted to date under the TDEC-issued Commissioner’s Order No. OGC15-0177 (TDEC Order) to 
TVA, the RSLs for the remaining constituents are based on a target hazard quotient of 1. 
 
2.2.2 Direct Contact Step 3 – RBSLs for Soil for a Construction/Utility Worker Scenario 
 
After closure of the Ash Pond Complex and cessation of excavation activities associated with pond 
closure, exposure to remaining post-excavation soils could potentially occur during future 
construction/excavation activities.  This would be expected to be of a very brief duration.  Should such a 
scenario occur, the relevant receptor would be a future construction/utility worker.     
 
The theoretical risk posed to a future construction/utility worker would be due to potential contact with 
CCR-derived constituents in post-excavation soil directly via incidental ingestion and dermal contact.  
Additionally, construction workers might inhale particulates entrained in dusts.  The construction worker 
scenario is intended to characterize risks associated with high-intensity, short-duration exposures to soil.  
Such exposures are characterized using USEPA national standardized parameters for construction 
worker scenarios, which allow for use of site-specific exposure frequencies.  For this scenario, an 
exposure frequency of 60 days per year was used, assuming that a large-scale development project 
would involve soil excavation activities over a total of 12 weeks in a project that would take up to a year 
to complete.  However, any future excavation in the closed pond area is unlikely and probably would be 
of much shorter duration, thus, the exposure assumptions used here are conservative.   
 
Table 3 provides the site-specific RBSLs for the construction/utility worker scenario.  The RBSLs were 
calculated using the USEPA RSL calculator and USEPA-derived inputs for the “construction worker – 
other construction activities” scenario as well as site-specific inputs where appropriate (USEPA, 2020b).  
  
As was the case for the RSL for arsenic for the Direct Contact Step 2, the RBSL selected for arsenic for the 
Direct Contact Step 3 (98.6 mg/kg) is the lower of the noncancer (98.6 mg/kg) and the 10-4 cancer-based 
risk (9,250 mg/kg) concentrations.  Consistent with the work conducted to date under the TDEC-issued 
Commissioner’s Order No. OGC15-0177 (TDEC Order) to TVA, the RSLs for the remaining constituents 
are based on a target hazard quotient of 1.  Table 4 provides the exposure assumptions used for the 
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RBSL calculations.  The RBSL inputs and RSL calculator output values are provided in Appendix A.  
Additional construction worker inputs specific to the construction worker scenario are shown in the 
“site-specific construction worker equation inputs for soil – other construction activities” page of 
Appendix A. 
 
2.2.3 Direct Contact Step 4 – Ecological Screening Levels for Soil and Sediment 
 
Direct contact Step 4 screening will be conducted if the selected method of restoration includes a 
ponded area.  Table 5 presents the USEPA Region 4 ecological screening levels for soil and sediment 
(USEPA, 2018a) and the site-specific BTVs derived in Table 2. 
 
The National Oceanic and Atmospheric Administration Screening Quick Reference Tables (NOAA 
SQuiRTs) were also reviewed and do not provide screening levels for constituents that do not already 
have a screening level (NOAA, 2008).  The NOAA SQuiRTs have not been updated since 2008 and are not 
maintained; newer screening level sources are available from USEPA as shown in Table 5.   
 
2.3 TIER 2 – SOIL-TO-GROUNDWATER PATHWAY 
 
Step 1 for all pathways is comparison of constituent concentrations in post-excavation soil to BTVs.  As 
noted above, the soil-to-groundwater pathway addresses target concentrations for the potential use of 
groundwater as drinking water and the protection of surface water for human health and aquatic 
organisms.  Each of these pathways is discussed below. 
 
2.3.1 Soil-to-Groundwater Step 2 — Potential Use of Groundwater as Drinking Water 
 
Table 6 presents the derivation of the site-specific soil screening levels for the potential soil-to-
groundwater leaching pathway for groundwater assumed to be used as drinking water.  As shown in 
Table 6, USEPA provides default soil-to-groundwater soil screening levels (SSLs) based on the use of 
groundwater as drinking water using the maximum contaminant level (MCL) (USEPA, 2020c).  Where 
MCL-based soil-to-groundwater SSLs are unavailable, USEPA default soil-to-groundwater SSLs are 
derived based on risk-based tapwater RSLs.  The USEPA MCL-based SSLs are calculated using the USEPA 
MCLs, a default DAF of 1, and USEPA default geotechnical soil characteristics for partition coefficients 
(Kd) and other values.  The USEPA risk-based SSLs are calculated using the USEPA tapwater RSLs and the 
same default DAF and USEPA default geotechnical soil characteristics.  The USEPA MCLs are primary 
drinking water standards that are enforceable for municipal drinking water supplies, and the tapwater 
RSLs are protective for residential receptor exposure to groundwater and are based on a target cancer 
risk of 10-6 and a target hazard quotient of 1.  Arsenic is the only constituent of potential concern in 
groundwater that is considered by USEPA to be carcinogenic by the ingestion route of exposure.  
However, the selected screening level for potential use of groundwater in drinking water for arsenic, as 
shown on Table 6, is the MCL, rather than the tapwater RSL. 
 
The USEPA-provided default SSL values use a DAF of 1 (USEPA, 2020c).  However, the USEPA 
Supplemental Soil Guidance (USEPA, 2002) developed two default DAFs (DAF=1 and DAF=20) that are 
appropriate for deriving generic SSLs.  USEPA recommends that a DAF of 20 be used “to account for 
reductions in contaminant concentration due to natural processes occurring in the subsurface,” and that 
a DAF of one be used “assuming no dilution or attenuation between the source and the receptor well” 
(USEPA, 2002, Appendix A).   
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In previous consultation with TDEC, the SSLs shown in Table 6 were adjusted to use a default DAF of 20.  
These provide the screening levels for the second step of the soil-to-groundwater pathway evaluation. 
 
2.3.2 Soil-to-Groundwater Step 3 — Groundwater Protection of Surface Water  
 
The purpose of this step of the evaluation is to develop a screening level for soil that is protective of two 
scenarios:  groundwater used as a source of drinking water, and groundwater that discharges to surface 
water.  For the latter, the soil concentration needs to be protective of both human health and ecological 
exposures to surface water.  These values are developed and presented on Table 7. 
 
As noted above, Table 6 provides the soil SSLs for a DAF of 20.  These SSLs are protective of groundwater 
used as drinking water and are also presented on Table 7. 
 
Groundwater concentrations that are protective of human health and ecological exposures to surface 
water are developed in Section 3, as presented on Table 10.  The target groundwater screening levels 
developed on Table 10 are provided on Table 7. 
 
The same ratio used by USEPA to develop the SSL for soil based on a drinking water use scenario for 
groundwater can be used to develop an SSL for soil based on a groundwater concentration protective of 
uses of surface water as shown in the equation below and in the last column of Table 7.  
 

Site-Specific Surface Water Protection-Based Soil-to-Groundwater SSL (mg/kg) =  
  

USEPA Drinking Water-Based SSL (DAF of 20)  x  (Target Groundwater Screening Level Protective of Surface Water)  
            USEPA Drinking Water Value 
 
These calculations are shown in Table 7 for the Cumberland River using the site-specific target 
groundwater concentrations.   
 
2.4 TIER 3 – SOIL-TO-SURFACE WATER PATHWAY 
 
Step 1 for all pathways is comparison of constituent concentrations in post-excavation soil to BTVs. 
 
Derivation and evaluation of site-specific screening levels for the soil-to-surface water pathway is 
appropriate only if the selected method of restoration includes a ponded area.  It is generally accepted 
that ecological sediment screening levels are also protective of dissolution of those constituents to 
surface water that may occur due to the presence of the constituents at the screening levels in the 
sediment.  However, to address this pathway in a more quantitative manner, the following steps have 
been taken. 
 
As noted above, the SSLs predict dissolution of constituents from soil to groundwater.  The DAF of 20 
used above is conservative for the evaluation of dilution and attenuation that occurs from soil to 
groundwater.  For the soil-to-surface water scenario, attenuation is not a mechanism, but dissolution 
from the soil and dilution directly into the surface water is a factor.  Dilution into surface water is 
expected to be much greater than the factor of 20 used above.  However, it is difficult to define a 
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specific dilution factor for the ponding scenario.  Therefore, these calculations will use the same SSL 
approach with a DAF of 20.   
 
Target surface water concentrations that are protective of human health and ecological exposures to 
surface water are developed in Section 3.5, as shown on Table 11.  Table 11 presents the selected 
human health and ecological screening levels (from Tables 9 and 10) and identifies the lowest screening 
level for surface water for the four potential exposure scenarios.  The target surface water screening 
level developed on Table 11 is provided on Table 8, where the target water concentrations are surface 
water screening levels protective for both human health (drinking and recreational) and for aquatic 
ecological receptors. 
 
The same ratio used by USEPA to develop the SSL for soil based on a groundwater drinking water use 
scenario and a DAF of 20 has been used here to conservatively develop an SSL for soil based on a surface 
water concentration protective of human health (drinking and recreational) and aquatic ecological 
receptor uses of surface water as shown in the equation below and on Table 8.  
 
Thus, instead of using the equation above to calculate a soil concentration based on a target 
groundwater concentration assuming a DAF of 20 (and all of the other physico-chemical interactions 
embedded in the SSL derivation), the equation is used to predict a soil concentration that is protective 
of a target surface water concentration via the dissolution of constituents from soil to surface water 
assuming a DAF of 20 (and all of the other physico-chemical interactions between soil and water 
embedded in the SSL derivation). 
 

Site-Specific Surface Water Protection-Based Soil-to-Surface Water SSL (mg/kg) =  
 

USEPA Drinking Water-Based SSL (DAF of 20)  x  (Target Surface Water Screening Level)  
     USEPA Drinking Water Value 
 
These calculations are presented in Table 8.  Note that the target surface water screening levels shown 
in Table 8 are the lowest of the human health drinking water, recreational, and aquatic ecological 
receptor screening levels (as derived on Table 10).  Where that lowest value is the USEPA drinking water 
value, also shown in Table 8 and used in the above equation, the Site-Specific Surface Water Protection-
Based Soil-to-Surface Water SSL will be equal to the USEPA Drinking Water-Based SSL (DAF of 20).  For 
constituents with a human health recreational or ecological based target surface water screening level 
that is selected because it is lower than the human health drinking water screening level, the above 
equation is used to scale the non-USEPA drinking water value-based target surface water screening level 
to an equivalent SSL for the soil to surface water pathway. 
 
The DAF of 20 is used for the evaluation of dilution and attenuation that occurs between soil and 
groundwater and for the dissolution from soil directly into surface water in the ponding scenario, as 
shown on Table 8.  
 
[Note that the separate DAF of 230, derived in Appendix C and discussed in Section 3.4, is used for the 
evaluation of dilution and attenuation of groundwater to the Cumberland River surface water (as shown 
on Table 11).] 
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2.5 APPLICATION OF THE TIERED APPROACH TO THE EVALUATION OF POST-EXCAVATION SOILS 
 
Composite samples of post-excavation soils will be analyzed for potentially CCR-derived constituents.  
The comparison to screening levels will be conducted in two parts, as shown in Figure 6.  Tier 1 
compares the soil data to BTVs, to the direct contact RSLs for an industrial worker, and then to the RBSLs 
for a construction/utility worker.   
 
Tier 2 compares the soil data to BTVs, to the SSLs for the soil-to-groundwater pathway for a potential 
drinking water scenario, and then to the SSLs for the protection of the groundwater to surface water 
pathway.   
 
Tier 3 addresses the soil-to-surface water pathway, should the selected method of restoration include a 
ponded area.  Soil data are compared to BTVs, and then to the site-specific risk-based soil to surface 
water SSL. 
 
2.5.1 Tier 1 – Direct Contact Pathways Screening 
 
Step 1.  Constituent concentrations in post-excavation soils will be compared to the BTVs; results less 
than or equal to the BTVs will be considered to be acceptable, and no further evaluation will be 
conducted in Tier 1 for those constituents. 
 
Step 2.  Constituent concentrations above their respective BTVs will be compared to the RSLs for 
Industrial Soils; results less than or equal to the RSLs will be considered to be acceptable, and no further 
evaluation will be conducted for those constituents for human health.  
 
Step 3.  Constituent concentrations above both their respective BTVs and Industrial Soils RSLs will be 
compared to the RBSLs for the construction/utility worker scenario; results less than or equal to the 
RBSLs will be considered to be acceptable, and no further evaluation will be conducted in Tier 1 for 
those constituents for human health. 
 
Step 4.  If the selected method of restoration includes a ponded area, constituent concentrations in 
post-excavation soils above their respective BTVs will also be compared to the ecological screening 
levels for soil and sediment; results less than or equal to the screening level will be considered to be 
acceptable, and no further evaluation will be conducted in Tier 1 for those constituents for ecological 
receptors. 
 
For constituents with concentrations above both their respective BTVs and above ecological screening 
levels for soil and sediment, the area-wide average constituent concentrations will be calculated for the 
excavation area.  Those constituents with area-wide concentrations less than or equal to the ecological 
screening levels will be considered to be acceptable, and no further evaluation will be conducted for 
those constituents. 
 
Constituents that have post-excavation soil concentrations above both their respective BTV and RBSL in 
Tier 1 or, where appropriate, BTV and ecological screening level, will be considered for further 
evaluation to assess whether additional actions may be appropriate. 
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2.5.2 Tier 2 – Soil-to-Groundwater Pathways Screening 
 
In addition to the Tier 1 evaluations for direct contact, soil screening in Tier 2 addresses the soil-to-
groundwater pathway.   
 
Step 1.  Constituent concentrations in post-excavation soils will be compared to the BTVs; results less 
than or equal to the BTVs will be considered to be acceptable, and no further evaluation in Tier 2 will be 
conducted for those constituents. 
 
Step 2.  This step addresses drinking water use of groundwater.  Constituents with concentrations above 
their respective BTVs will be compared to the drinking water-based soil-to-groundwater screening levels 
based on a DAF=20 (Table 6); results less than or equal to the respective drinking water-based soil-to-
groundwater screening level will be considered to be acceptable.  Constituents with concentrations 
above both their respective BTV and the drinking water-based soil-to-groundwater screening levels will 
be considered for further evaluation if the drinking water pathway for that area of groundwater is 
considered to be complete. 
 
Step 3.  This step addresses groundwater that may flow to surface water.  Constituents with 
concentrations above both their respective BTV and the drinking water-based soil-to-groundwater 
screening level will be compared to the site-specific soil-to-groundwater screening level for the 
protection of surface water (for both human and ecological receptors) (Table 7); results less than or 
equal to these screening levels can be considered to be acceptable, and no further evaluation will be 
conducted in Tier 2 for those constituents. 
 
Constituents that have post-excavation soil concentrations above their respective BTVs, drinking water-
based soil-to-groundwater screening levels, and site-specific soil-to-groundwater screening levels for the 
protection of surface water will be considered for further evaluation to assess whether further actions 
may be appropriate.  One step in that evaluation may include the evaluation of groundwater data, using 
the screening levels described in Section 3. 
 
2.5.3 Tier 3 – Soil-to-Surface Water Pathway Screening 
 
If the selected method of restoration includes a ponded area, in addition to the Tier 1 and Tier 2 
evaluations, the Tier 3 evaluation for the soil-to-surface water pathway will be conducted.   
 
Step 1.  Constituent concentrations in post-excavation soils will be compared to the BTVs; results less 
than or equal to the BTVs will be considered to be acceptable, and no further evaluation in Tier 3 will be 
conducted for those constituents. 
 
Step 2.  Constituents with concentrations above their respective BTVs will be compared to the soil-to-
surface water screening levels developed and presented on Table 8.  These screening levels are based 
on the lowest human health and ecological screening levels presented in Table 10, using a conservative 
DAF=20 for the dilution of surface soil/sediment to surface water.  Constituents with concentrations less 
than or equal to their respective soil-to-surface water screening level will be considered to be 
acceptable, and no further evaluation in Tier 3 will be conducted for those constituents. 
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Constituents that have post-excavation soil concentrations above their respective Step 1 BTVs and Step 
2 soil-to-surface water screening levels will be considered for further evaluation to assess whether 
further actions may be appropriate. 
 
3. Groundwater and Surface Water Screening Levels in Support of the Soil 

Evaluation 
 
This section describes the development of the risk-based screening levels for groundwater in the context 
of evaluating the excavation remedy.  The development of the screening levels in this section supports 
the soil-to-groundwater and soil-to-surface water pathways described above.  As noted in the CSM, 
there are monitoring wells adjacent to the Ash Pond Complex.  At the end of this section, it is described 
how these screening levels can be used with the groundwater data to provide context for the soil 
screening levels post-excavation.  
 
3.1 TIER 1 – DRINKING-WATER BASED SCREENING LEVELS FOR GROUNDWATER 
 
As the first step in the groundwater pathway evaluation process, drinking water values available from 
Tennessee and the USEPA are used as screening levels.  This is a conservative screening step as the on-
site groundwater is not used as a source of drinking water. 
 
The selected human health drinking water screening levels are, in the order of the sources used (sources 
will be updated if needed): 
 
 TDEC, Tennessee Board of Water Quality, Oil and Gas.  General Water Quality Criteria Chapter 

0400-40-03, values for Human Health Domestic Water Supply (TDEC, 2019); 

 USEPA 2018 Edition of the Drinking Water Standards and Health Advisories.  Maximum 
contaminant Levels (USEPA, 2018b);   

 USEPA Regional Screening Levels (RSLs), May 2020, Values for Tap Water (USEPA, 2020a); and 

 USEPA 2018 Edition of the Drinking Water Standards and Health Advisories.  Secondary 
Maximum Contaminant Levels (USEPA, 2018b).   

 
The first half of Table 9 provides these values, and the second-to-last column provides the selected 
drinking water screening level. 
 
3.2 TIER 2 – HUMAN HEALTH RECREATIONAL SURFACE WATER SCREENING LEVELS 
 
Groundwater may flow to surface water, thus, risk-based surface water screening levels for both 
ecological receptors and recreational human health receptors are identified.      
 
Human health screening levels for surface water are generally derived to be protective of the use of 
surface water as a drinking water source, and the consumption of fish from a surface water body.  The 
drinking water screening levels are also protective of recreational uses of a surface water body (such as 
swimming or boating) because drinking water exposure is of a higher magnitude and frequency.  The 
human health recreational surface water screening levels are, in the order used: 
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 TDEC, Tennessee Board of Water Quality, Oil and Gas.  General Water Quality Criteria Chapter 

0400-40-03, values for Recreation Water and Organism, and Recreation Organism Only (TDEC, 
2019); and  

 USEPA Ambient Water Quality Criteria (AWQC) Human Health Consumption of Water and 
Organism and Consumption of Organism Only (USEPA, 2020d).  

 
The second half of Table 9 provides the human health recreational use of surface water screening levels, 
and the last column provides the selected screening level.  
 
3.3 TIER 3 – ECOLOGICAL SURFACE WATER SCREENING LEVELS 
 
There is no direct exposure to groundwater by ecological receptors, however, groundwater can serve as 
a source to surface water where ecological contact can occur.  Table 10 presents the ecological 
screening levels for surface water.  Some screening levels apply only to total surface water 
concentrations, and some apply only to dissolved surface water concentrations.  Values for both 
scenarios are provided. 
 
Ecological screening levels also are available for two exposure durations: 
 
 Chronic AWQC:  The continuous concentration criterion (CCC) is the USEPA national water 

quality criteria recommendation for the highest in stream concentration of a toxicant or an 
effluent to which organisms can be exposed indefinitely without causing unacceptable effect; 
and 

 Acute AWQC:  The continuous maximum concentration (CMC) is the USEPA national water 
quality criteria recommendation for the highest in stream concentration of a toxicant or an 
effluent to which organisms can be exposed for a brief period of time (CMC derived using 48 to 
96-hour toxicity tests) without causing an acute effect. 

 
Ecological screening levels were obtained from both TDEC and USEPA sources, and were used in the 
following order: 
 
 TDEC Fish and Aquatic Life Criteria, acute and chronic (TDEC, 2019); 

 USEPA acute and chronic AWQC (USEPA, 2020e); and 

 USEPA Region 4 Surface Water Screening Values, acute and chronic (USEPA, 2018a).   
 
The National Oceanic and Atmospheric Administration Screening Quick Reference Tables (NOAA 
SQuiRTs) were also reviewed and do not provide screening levels for constituents that do not already 
have a screening level (NOAA, 2008).  The NOAA SQuiRTs have not been updated since 2008 and are not 
maintained; newer screening level sources are available from the TDEC and USEPA as shown in Table 10.   
 
The last two columns of Table 10 also identify the selected ecological risk-based screening levels for 
further evaluation.   
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In the Tier 2 and Tier 3 evaluation of groundwater, constituent concentrations in groundwater will be 
compared to the selected lowest screening levels in Tables 9 and 10, respectively.  Constituents with 
concentrations in groundwater above the selected ecological and/or human health screening levels for 
surface water would then be evaluated in Tier 4. 
 
3.4 TIER 4 – DEVELOPMENT AND APPLICATION OF A GROUNDWATER-TO-SURFACE WATER 

DILUTION ATTENUATION FACTOR 
 
A groundwater concentration above a surface water-based screening level does not necessarily mean 
that surface water will be adversely impacted by the groundwater.  Dilution and attenuation 
mechanisms can occur as groundwater moves to surface water.  This section describes the approach to 
evaluating the magnitude of dilution effects resulting from the mixing of groundwater that may flow 
from beneath the Ash Pond Complex to surface water in the Cumberland River. 
 
Groundwater data from previous studies indicates that CCR-derived constituents have migrated from 
the APC to nearby groundwater.  Previous monitoring indicates that groundwater near the Ash Pond 
Complex flows towards the Cumberland River. 
 
To make a conservative estimate of the potential impacts of groundwater to the Cumberland River, a 
Surface Water Dilution Attenuation Factor (SW-DAF) has been calculated.  The SW-DAF describes the 
effect of mixing on constituent concentrations expected for the surface water body potentially receiving 
the impacted groundwater.   
 
The details of the SW-DAF development and results are provided in Appendix C.  This evaluation takes 
into account the rate of potential groundwater recharge into the Ash Pond Complex area and flow of the 
Cumberland River.  The assumptions used to calculate the SW-DAF are very conservative and are based 
on standard hydrogeological practices.  Water levels and flows of the Cumberland River in this area are 
influenced by operations of the Old Hickory, Cordell Hull, and Center Hill dams.  Because the 
management of these dams has a buffering effect on extreme conditions, recurrence interval-based low 
flow estimates for the watershed are not likely to reflect the actual low flow conditions of the 
Cumberland River near GAF.  Therefore, representative flow rates were obtained from a hydrothermal 
model developed by TVA to calculate the thermal impact of GAF cooling water effluent to the 
Cumberland River.  The SW-DAF calculated from this method is 830.  An even more conservative DAF 
was estimated using the 1Q10 low flow rate specified in GAF’s National Pollution Discharge Elimination 
System permit.  The SW-DAF calculated from this method is 230.  The derivation of the SW-DAF can be 
revisited when the excavation is completed and may be further updated as described below. 
 
3.4.1 Application of the SW-DAF 
 
Table 11 presents the selected human health and ecological screening levels (from Tables 9 and 10) and 
identifies the lowest screening level for surface water for the four potential exposure scenarios.   
 
The SW-DAF is applied to the selected risk-based screening levels to develop the Tier 4 screening levels 
in Table 11.  Target groundwater concentrations are developed based on the more conservative SW-DAF 
for the Cumberland River of 230, as described in Attachment C.  The modeling used herein to develop 
the SW-DAFs is conservative in that the effects of groundwater on surface water quality likely are over-
estimated.   
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3.5 APPLICATION OF THE GROUNDWATER SCREENING LEVELS TO THE SOIL EVALUATION 
 
While the evaluation of groundwater is not necessary for determining if excavation is complete, the 
screening levels developed here to evaluate the soil-to-groundwater and the soil to groundwater-to-
surface water pathways can be used to evaluate groundwater. 
 
Constituent concentrations in groundwater can be compared to background groundwater values (if 
available) and to screening levels protective of surface water, as shown in Figure 7.  These values 
calculated using the site-specific DAF and protective of drinking water use of surface water, human 
recreational use, and ecological receptors are presented in Table 11.  Screening levels for the soil to 
groundwater pathway are known to be very conservative, i.e., they are more likely to overestimate the 
impact of soil on groundwater than to underestimate the impact.  Where a confirmatory soil sample 
concentration is above the screening level for the soil-to-groundwater pathway, groundwater in the 
immediate vicinity of that soil sample can be compared to the groundwater screening levels to 
determine if such impact occurs. 
 
4. Summary of Application of the Site-Specific Screening Levels 
 
Table 12 presents the screening levels derived for soil.  These are based on direct contact with soils 
scenarios, and the soil-to-groundwater pathways and the soil-to-groundwater-to-surface water 
scenarios that are based on the screening levels derived for groundwater presented in Table 13, and the 
screening levels derived for surface water presented in Table 14.  Figure 6 graphically depicts the soil 
screening steps.  Figure 7 graphically depicts the groundwater screening steps that can be used to 
further evaluate the soils screening results. 
 
Additional information may be available by the time the excavation sampling is conducted that can be 
used to inform or modify the screening levels as appropriate, with TDEC review and approval of any 
modifications.  Some of these data may provide context for the derived screening levels (for example, 
surface water and/or groundwater data may be available to show whether the Ash Pond Complex in its 
post-excavation configuration is posing an adverse impact to human health and/or the environment).  
Such data will be reviewed with TDEC prior to finalizing the evaluation. 
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Table 1a

List of Background Samples

Gallatin Fossil Plant

Tennessee Valley Authority 

Sample Location Sample ID Date

Start Depth 

(feet)

End Depth 

(feet)

GAF‐NRL015D NRL015D‐SB‐0‐10‐20170209 02/09/2017 0 10

GAF‐NRL015D NRL015D‐SB‐0‐5‐20170209 02/09/2017 0 5

GAF‐NRL015D NRL015D‐SB‐5‐10‐20170209 02/09/2017 5 10

GAF‐NRL220 GAF‐NRL220‐SB‐0‐10‐20170124 01/24/2017 0 10

GAF‐NRL220 GAF‐NRL220‐SB‐0‐5‐20170124 01/24/2017 0 5

GAF‐NRL220 GAF‐NRL220‐SB‐5‐10‐20170124 01/24/2017 5 10

GAP001 GAP001‐SB‐1‐5‐20170120 01/20/2017 1 5

GAP001 GAP001‐SB‐1‐7‐20170120 01/20/2017 1 7

GAP001 GAP001‐SB‐5‐7‐20170120 01/20/2017 5 7

GAP002 (a) GAP002‐SB‐0‐5‐20170117 01/17/2017 0 5

GAP002 (a) GAP002‐SB‐10‐15‐20170117 01/17/2017 10 15

GAP002 (a) GAP002‐SB‐15‐20‐20170117 01/17/2017 15 20

GAP002 (a) GAP002‐SB‐15‐20‐20170117‐DUP1 01/17/2017 15 20

GAP002 (a) GAP002‐SB‐20‐25‐20170117 01/17/2017 20 25

GAP002 (a) GAP002‐SB‐25‐26‐20170117 01/17/2017 25 26

GAP002 (a) GAP002‐SB‐5‐10‐20170117 01/17/2017 5 10

GAP002 (a) GAP002‐SB‐5‐26‐20170117 01/17/2017 5 26

GAP006 GAP006‐SB‐10‐15‐01122017 01/12/2017 10 15

GAP006 GAP006‐SB‐5‐10‐20170112 01/12/2017 5 10

GAP007 GAP007‐SB‐1‐5‐20170120 01/20/2017 1 5

GAP012 GAP012‐SB‐0‐2.5‐20170123 01/23/2017 0 2.5

GAP015 GAP015‐SB‐0‐10‐20170125 01/25/2017 0 10

GAP015 GAP015‐SB‐0‐5‐20170125 01/25/2017 0 5

GAP015 GAP015‐SB‐5‐10‐20170125 01/25/2017 5 10

GAP019 GAP019‐SB‐0‐2‐01122017 01/12/2017 0 2

GAP019 GAP019‐SB‐0‐2‐01122017‐DUP 01/12/2017 0 2

GAP031 GAP031‐SB‐10‐15‐20170117 01/17/2017 10 15

GAP031 GAP031‐SB‐15‐18‐20170117 01/17/2017 15 18

GAP031 GAP031‐SB‐5‐10‐20170117 01/17/2017 5 10

GAP032 GAP032‐SB‐0‐17.9‐20170124 01/24/2017 0 17.9

GAP032 GAP032‐SB‐0‐5‐20170124 01/24/2017 0 5

GAP032 GAP032‐SB‐10‐15‐20170124 01/24/2017 10 15

GAP032 GAP032‐SB‐15‐17.9‐20170124 01/24/2017 15 17.9

GAP032 GAP032‐SB‐5‐10‐20170124 01/24/2017 5 10

GAP033 GAP033‐SB‐0‐10‐20170124 01/24/2017 0 10

GAP033 GAP033‐SB‐0‐5‐20170124 01/24/2017 0 5

GAP033 GAP033‐SB‐5‐10‐20170124 01/24/2017 5 10

GAP034 GAP034‐SB‐0‐3.5‐20170111 01/11/2017 0 3.5

GAP036 GAP036‐SB‐0‐21.5‐20170124 01/24/2017 0 21.5

GAP036 GAP036‐SB‐0‐5‐20170124 01/24/2017 0 5

GAP036 GAP036‐SB‐0‐5‐20170124‐DUP 01/24/2017 0 5

GAP036 GAP036‐SB‐10‐15‐20170124 01/24/2017 10 15

GAP036 GAP036‐SB‐15‐20‐20170124 01/24/2017 15 20

GAP036 GAP036‐SB‐20‐21.5‐20170124 01/24/2017 20 21.5

GAP036 GAP036‐SB‐5‐10‐20170124 01/24/2017 5 10

GAP037 GAP037‐SB‐0‐10‐20170110 01/10/2017 0 10

GAP037 GAP037‐SB‐0‐5‐20170110 01/10/2017 0 5

GAP037 GAP037‐SB‐5‐10‐20170110 01/10/2017 5 10

GAP045 GAP045‐SB‐0‐5‐20170117 01/17/2017 0 5

GAP045 GAP045‐SB‐1‐10‐20170117 01/17/2017 1 10

GAP045 GAP045‐SB‐5‐10‐20170117 01/17/2017 5 10

GAP055 GAP055‐SB‐0‐5‐20170125 01/25/2017 0 5

GAP055 GAP055‐SB‐0‐8‐20170125 01/25/2017 0 8

GAP055 GAP055‐SB‐5‐8‐20170125 01/25/2017 5 8

Notes:

(a) ‐ Based on the outlier evaluation, samples from location GAP002 were not included in the background dataset.

See text for additional information.

Haley & Aldrich, Inc.

2020‐0512_HAI‐Bkg Evaluation_GAF.xlsx 8/14/2020
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Table 1b

Summary of Background Soil Quality Data

Gallatin Fossil Plant

Tennessee Valley Authority 

Location Name GAF‐NRL015D GAF‐NRL015D GAF‐NRL015D GAF‐NRL220 GAF‐NRL220 GAF‐NRL220 GAP001

Sample Name NRL015D‐SB‐0‐10‐20170209 NRL015D‐SB‐0‐5‐20170209 NRL015D‐SB‐5‐10‐20170209 GAF‐NRL220‐SB‐0‐10‐20170124 GAF‐NRL220‐SB‐0‐5‐20170124 GAF‐NRL220‐SB‐5‐10‐20170124 GAP001‐SB‐1‐5‐20170120

Sample Date 02/09/2017 02/09/2017 02/09/2017 01/24/2017 01/24/2017 01/24/2017 01/20/2017

Lab Sample ID 180‐63358‐8 180‐63358‐1 180‐63358‐2 180‐62839‐18 180‐62839‐13 180‐62839‐14 180‐62738‐5

Sample Depth (bgs) 0 ‐ 10 (ft) 0 ‐ 5 (ft) 5 ‐ 10 (ft) 0 ‐ 10 (ft) 0 ‐ 5 (ft) 5 ‐ 10 (ft) 1 ‐ 5 (ft)

Inorganic Compounds (mg/kg) 

Antimony 0.091 J 0.117 J 0.13 J 0.177 J 0.183 J 0.05 J 0.0402 UJ

Arsenic 4.91 J 5.38 J 3.37 J 5.48 6.97 J 4.71 J 2.77 J

Barium 104 J 91 J 48.3 J 147 145 140 87

Beryllium 0.979 J 0.871 J 0.807 J 1.49 1.42 J 1.38 J 1

Boron 3.73 J 1.84 J 10.7 3.43 J 3.12 J 4.67 J 4.12 J

Cadmium 0.0317 J 0.0163 J 0.0264 J 0.0813 J 0.0816 J 0.0741 J 0.0594 U*

Calcium 9940 J 2250 J 15300 J 12900 12500 J 19800 J 8650 J

Chromium 14.6 J 14.1 12.2 J 14.1 17.3 15.4 11.7

Cobalt 5.76 7.59 9.03 10.7 10.1 13.5 13.6 J

Copper 7.83 6.93 11.3 8.31 7.4 J 9.15 J 10.4

Lead 14 12.3 10.6 13.1 15.7 J 12.8 J 10.5

Lithium 13.1 J 11.4 J 14.6 J 11.3 J 8.73 J 15.4 J 15.1 J

Mercury 0.104 U* 0.0428 U* 0.0485 U* 0.0584 0.0555 0.0331 J 0.0566

Molybdenum 0.261 J 0.385 J 0.263 J 0.521 J 0.569 J 0.228 J 0.188 J

Nickel 14.7 13.1 26 14.2 12.4 20.9 24.4

Selenium 3.3 J 2.35 J 3.12 J 0.335 J 0.55 J 0.471 J 0.416 J

Silver 0.0167 U 0.016 J 0.0233 J 0.0201 J 0.0196 J 0.0161 U 0.0165 U

Thallium 0.194 0.175 0.194 0.208 0.232 0.169 0.177

Vanadium 16.3 J 21.7 J 11.5 J 19.9 26.7 17.1 10.9

Zinc 34.8 J 39.3 J 66.1 J 35.1 J 31.9 J 59.3 J 73.8

Radiological (pCi/g) 

Radium‐226 & 228 1.57 U ± 0.69 2.65 ± 0.76 2.65 J ± 0.95 2.60 U ± 0.87 2.44 ± 0.7 1.87 J ± 0.92 1.78 ± 1.2

Notes:

‐:  Not Analyzed

*: LCS or LCSD is outside limits.

bgs:  below ground surface

ft:  feet

J:  Value is estimated

mg/kg:  milligram per kilogram

NA:  Not Applicable

pCi/g: picoCurie per gram

U:  Not detected, number is the 

laboratory detection limit

(a) ‐ Based on the outlier evaluation, 

samples from location GAP002 were not

included in the background dataset.

See text for additional information.

Haley & Aldrich, Inc.
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Table 1b

Summary of Background Soil Quality Data

Gallatin Fossil Plant

Tennessee Valley Authority 

Location Name

Sample Name

Sample Date

Lab Sample ID

Sample Depth (bgs)

Inorganic Compounds (mg/kg) 

Antimony

Arsenic

Barium

Beryllium

Boron

Cadmium

Calcium

Chromium

Cobalt

Copper

Lead

Lithium

Mercury

Molybdenum

Nickel

Selenium

Silver

Thallium

Vanadium

Zinc

Radiological (pCi/g) 

Radium‐226 & 228

Notes:

‐:  Not Analyzed

*: LCS or LCSD is outside limits.

bgs:  below ground surface

ft:  feet

J:  Value is estimated

mg/kg:  milligram per kilogram

NA:  Not Applicable

pCi/g: picoCurie per gram

U:  Not detected, number is the 

laboratory detection limit

(a) ‐ Based on the outlier evaluation, 

samples from location GAP002 were not

included in the background dataset.

See text for additional information.

GAP001 GAP001 GAP002 (a) GAP002 (a) GAP002 (a) GAP002 (a) GAP002 (a)

GAP001‐SB‐1‐7‐20170120 GAP001‐SB‐5‐7‐20170120 GAP002‐SB‐0‐5‐20170117 GAP002‐SB‐5‐10‐20170117 GAP002‐SB‐5‐26‐20170117 GAP002‐SB‐10‐15‐20170117 GAP002‐SB‐15‐20‐20170117

01/20/2017 01/20/2017 01/17/2017 01/17/2017 01/17/2017 01/17/2017 01/17/2017

180‐62738‐8 180‐62738‐6 180‐62630‐1 180‐62630‐2 180‐62630‐16 180‐62630‐3 180‐62630‐4

1 ‐ 7 (ft) 5 ‐ 7 (ft) 0 ‐ 5 (ft) 5 ‐ 10 (ft) 5 ‐ 26 (ft) 10 ‐ 15 (ft) 15 ‐ 20 (ft)

0.0536 J 0.0356 UJ 0.166 J 0.242 J 0.217 J 0.233 J 0.212 J

1.92 2.35 J 3.86 J 6.72 J 5.19 6.28 J 5.6 J

53.6 48.7 41.9 91.4 119 115 127

0.839 0.883 0.435 1.05 1.54 1.59 1.75

6.92 J 5.46 J 1.5 U 1.51 U 1.83 J 1.62 U 2.29 J

0.0216 J 0.0294 U* 0.0542 J 0.165 0.236 0.203 0.273

34300 J 54300 J 2280 J 1980 J 2640 J 2280 J 2690 J

10.3 J 11 11 J 14.1 J 17.4 J 15.4 J 20.7 J

8.73 9.55 J 7.2 14.9 8.22 10 9.12

9.23 9.67 5.71 11.4 11.1 12.7 10.7

8.36 10.1 14.9 22.9 16.5 22.1 20.6

16.3 J 17 J 4.14 6.73 8.04 J 6.72 7.6

0.0531 0.0329 J 0.0386 J 0.0414 0.0723 0.0571 0.062

0.514 J 0.354 J 0.91 J 1.31 J 1.43 1.32 J 1.24 J

19.7 20.6 6.22 12.6 14.1 13.7 14.5

0.506 J 0.376 J 0.477 J 0.27 J 0.512 J 0.292 J 0.276 J

0.0154 U 0.0205 J 0.0154 U 0.0155 U 0.0192 J 0.0244 J 0.0237 J

0.134 0.17 0.207 J 0.238 J 0.183 0.209 J 0.211 J

7.84 J 9.05 19.6 J 29.2 J 24 J 29 J 27.7 J

56 57.8 28.5 J 58.5 J 68.8 73.5 J 64.6 J

2.08 J ± 0.95 2.36 ± 0.97 2.31 U ± 0.6 1.93 U ± 1 2.55 UJ ± 0.81 2.77 U ± 0.47 2.41 U ± 0.62

Haley & Aldrich, Inc.
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Table 1b

Summary of Background Soil Quality Data

Gallatin Fossil Plant

Tennessee Valley Authority 

Location Name

Sample Name

Sample Date

Lab Sample ID

Sample Depth (bgs)

Inorganic Compounds (mg/kg) 

Antimony

Arsenic

Barium

Beryllium

Boron

Cadmium

Calcium

Chromium

Cobalt

Copper

Lead

Lithium

Mercury

Molybdenum

Nickel

Selenium

Silver

Thallium

Vanadium

Zinc

Radiological (pCi/g) 

Radium‐226 & 228

Notes:

‐:  Not Analyzed

*: LCS or LCSD is outside limits.

bgs:  below ground surface

ft:  feet

J:  Value is estimated

mg/kg:  milligram per kilogram

NA:  Not Applicable

pCi/g: picoCurie per gram

U:  Not detected, number is the 

laboratory detection limit

(a) ‐ Based on the outlier evaluation, 

samples from location GAP002 were not

included in the background dataset.

See text for additional information.

GAP002 (a) GAP002 (a) GAP002 (a) GAP006 GAP006 GAP007 GAP012

GAP002‐SB‐15‐20‐20170117‐DUP1 GAP002‐SB‐20‐25‐20170117 GAP002‐SB‐25‐26‐20170117 GAP006‐SB‐5‐10‐20170112 GAP006‐SB‐10‐15‐01122017 GAP007‐SB‐1‐5‐20170120 GAP012‐SB‐0‐2.5‐20170123

01/17/2017 01/17/2017 01/17/2017 01/12/2017 01/12/2017 01/20/2017 01/23/2017

180‐62630‐7 180‐62630‐5 180‐62630‐6 180‐62503‐4 180‐62503‐5 180‐62738‐4 180‐62776‐1

15 ‐ 20 (ft) 20 ‐ 25 (ft) 25 ‐ 26 (ft) 5 ‐ 10 (ft) 10 ‐ 15 (ft) 1 ‐ 5 (ft) 0 ‐ 2.5 (ft)

0.213 J 0.265 J 0.296 J 0.135 J 0.33 0.0351 UJ 0.0971 J

6.54 J 7.05 J 8.83 J 6.59 13.7 1.61 J 4.09 J

123 141 132 99.4 J 111 J 21.7 153

1.84 1.93 2.03 2.86 2.15 0.597 1.44 J

1.91 J 3.62 J 4.09 J 1.84 J 2.25 J 5.56 J 4.88 J

0.299 0.47 0.424 0.421 0.319 0.0289 U* 0.0938 J

2780 J 3270 J 3490 J 2620 J 4010 J 85900 J 137000 J

21.6 J 22.4 J 24.1 J 8.64 J 15.1 J 8.14 16.8

9.7 11.2 10.8 14.2 6.46 7.79 J 7.21

10.6 14.2 15.5 15.8 20.5 7.88 11.9 J

23.5 21.1 25.3 24.7 28.1 7.06 13.7

7.24 10.4 9.68 6.14 J 11.1 J 12.8 J 10.4 J

0.0649 0.076 0.0759 0.103 0.165 0.0299 J 0.0521 J

1.08 J 7.95 J 4.17 J 0.644 1.1 0.229 J 0.361 J

15.6 20.1 20.5 20.5 J 21.3 J 15.6 15.3

0.487 J 0.393 J 0.411 J 0.382 J 0.683 0.397 J 0.403 J

0.0175 J 0.0345 J 0.0338 J 0.0161 U 0.0442 J 0.0144 U 0.0277 J

0.216 J 0.393 J 0.29 J 0.296 0.277 0.137 0.202

28.1 J 30.3 J 31.2 J 17.6 J 34.6 J 6.99 18.6

63.7 J 73.7 J 77.5 J 101 110 46.2 34.9

1.96 ± 0.61 2.73 ± 0.45 1.74 U ± 0.44 2.37 U ± 0.61 2.43 J ± 0.71 2.19 U ± 0.8 1.46 U ± 0.75

Haley & Aldrich, Inc.
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Page 4 of 8

Table 1b

Summary of Background Soil Quality Data

Gallatin Fossil Plant

Tennessee Valley Authority 

Location Name

Sample Name

Sample Date

Lab Sample ID

Sample Depth (bgs)

Inorganic Compounds (mg/kg) 

Antimony

Arsenic

Barium

Beryllium

Boron

Cadmium

Calcium

Chromium

Cobalt

Copper

Lead

Lithium

Mercury

Molybdenum

Nickel

Selenium

Silver

Thallium

Vanadium

Zinc

Radiological (pCi/g) 

Radium‐226 & 228

Notes:

‐:  Not Analyzed

*: LCS or LCSD is outside limits.

bgs:  below ground surface

ft:  feet

J:  Value is estimated

mg/kg:  milligram per kilogram

NA:  Not Applicable

pCi/g: picoCurie per gram

U:  Not detected, number is the 

laboratory detection limit

(a) ‐ Based on the outlier evaluation, 

samples from location GAP002 were not

included in the background dataset.

See text for additional information.

GAP015 GAP015 GAP015 GAP019 GAP019 GAP031 GAP031

GAP015‐SB‐0‐10‐20170125 GAP015‐SB‐0‐5‐20170125 GAP015‐SB‐5‐10‐20170125 GAP019‐SB‐0‐2‐01122017 GAP019‐SB‐0‐2‐01122017‐DUP GAP031‐SB‐5‐10‐20170117 GAP031‐SB‐10‐15‐20170117

01/25/2017 01/25/2017 01/25/2017 01/12/2017 01/12/2017 01/17/2017 01/17/2017

180‐62855‐11 180‐62855‐1 180‐62855‐2 180‐62503‐6 180‐62503‐7 180‐62630‐12 180‐62630‐13

0 ‐ 10 (ft) 0 ‐ 5 (ft) 5 ‐ 10 (ft) 0 ‐ 2 (ft) 0 ‐ 2 (ft) 5 ‐ 10 (ft) 10 ‐ 15 (ft)

0.21 J 0.29 J 0.242 J 0.175 J 0.164 J 0.254 J 0.229 J

6.03 J 9.28 J 7.96 J 4.48 J 5.03 9.6 J 8.7 J

81.1 J 87.5 85.4 53.3 J 52.8 J 107 117

0.775 J 1.08 0.993 0.559 0.654 J 2.13 1.54

1.56 J 1.61 U 1.39 U 1.65 U 1.66 U 1.45 U 1.58 U

0.0809 J 0.0809 J 0.0766 J 0.0851 J 0.0594 J 0.0521 J 0.0799 J

19500 J 3610 17400 J 33400 J 2910 J 504 J 861 J

19 31.2 J 22 J 13.5 J 13.8 J 19.1 J 11.1 J

12.6 15.7 12 10.7 J 10.8 14.2 16.1

7.13 8.53 J 6.86 J 4.86 J 4.7 7.15 8.87

23.8 30.8 J 28.4 J 17.8 17.7 12 14.3

5.41 J 6.15 J 3.86 J 1.94 J 2.28 J 4.44 3.64

0.0533 U* 0.0718 0.00855 U 0.0338 U* 0.0402 U* 0.0551 0.038 J

0.68 0.898 0.762 0.72 J 0.421 J 1.36 J 1.2 J

7.43 10.2 6.77 5.17 J 6.19 J 6.1 9.03

1.51 J 0.668 0.496 J 0.484 J 0.466 J 0.625 J 0.388 J

0.0235 J 0.0297 J 0.0256 J 0.0249 J 0.0238 J 0.0168 J 0.0162 U

0.186 0.256 0.181 0.126 J 0.133 0.23 J 0.261 J

24.6 J 34.1 24.8 17.7 J 19.7 J 41.8 J 30.9 J

29.2 J 42.6 33.3 19.3 J 21 21.5 J 23.4 J

3.14 U ± 0.69 2.14 U ± 0.77 3.10 U ± 0.61 2.07 U ± 0.58 1.90 U ± 0.55 2.40 ± 0.68 2.60 J ± 0.66

Haley & Aldrich, Inc.
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Table 1b

Summary of Background Soil Quality Data

Gallatin Fossil Plant

Tennessee Valley Authority 

Location Name

Sample Name

Sample Date

Lab Sample ID

Sample Depth (bgs)

Inorganic Compounds (mg/kg) 

Antimony

Arsenic

Barium

Beryllium

Boron

Cadmium

Calcium

Chromium

Cobalt

Copper

Lead

Lithium

Mercury

Molybdenum

Nickel

Selenium

Silver

Thallium

Vanadium

Zinc

Radiological (pCi/g) 

Radium‐226 & 228

Notes:

‐:  Not Analyzed

*: LCS or LCSD is outside limits.

bgs:  below ground surface

ft:  feet

J:  Value is estimated

mg/kg:  milligram per kilogram

NA:  Not Applicable

pCi/g: picoCurie per gram

U:  Not detected, number is the 

laboratory detection limit

(a) ‐ Based on the outlier evaluation, 

samples from location GAP002 were not

included in the background dataset.

See text for additional information.

GAP031 GAP032 GAP032 GAP032 GAP032 GAP032 GAP033

GAP031‐SB‐15‐18‐20170117 GAP032‐SB‐0‐17.9‐20170124 GAP032‐SB‐0‐5‐20170124 GAP032‐SB‐5‐10‐20170124 GAP032‐SB‐10‐15‐20170124 GAP032‐SB‐15‐17.9‐20170124 GAP033‐SB‐0‐10‐20170124

01/17/2017 01/24/2017 01/24/2017 01/24/2017 01/24/2017 01/24/2017 01/24/2017

180‐62630‐14 180‐62839‐16 180‐62839‐1 180‐62839‐2 180‐62839‐3 180‐62839‐4 180‐62839‐17

15 ‐ 18 (ft) 0 ‐ 17.9 (ft) 0 ‐ 5 (ft) 5 ‐ 10 (ft) 10 ‐ 15 (ft) 15 ‐ 17.9 (ft) 0 ‐ 10 (ft)

0.214 J 0.121 J 0.0789 J 0.0934 J 0.166 J 0.0958 J 0.0928 J

9.13 J 3.28 3.23 J 3.22 J 4.91 J 3.64 J 4.32

59.3 72.6 30 46.1 135 230 J 122

1.46 0.576 0.389 J 0.417 J 0.961 J 1.59 J 1.51

1.56 U 1.44 U 1.51 U 1.45 U 1.64 U 8.28 J 3.96 J

0.0758 J 0.0771 J 0.0446 U* 0.0933 J 0.0782 J 0.587 J 0.12 J

636 J 788 409 J 411 J 817 J 4400 J 33100

11.1 J 8.11 6.4 7.47 10.3 18.1 J 14.5

8.24 6.05 6.18 6.67 10.1 6.05 J 14.1

11 7.13 4.61 J 4.73 J 8.74 J 23 J 17.6

11.2 8.15 5.22 J 8.3 J 12.3 J 16.6 J 12.8

3.03 3.97 J 2.88 J 3.11 J 5.63 J 10.2 J 14.5 J

0.0396 0.0349 J 0.0235 J 0.0261 J 0.0367 J 0.0492 J 0.0593

1.25 J 0.934 0.898 0.715 0.837 0.84 J 0.781

11.7 7.26 5.92 6.48 11.1 18.1 J 23.3

0.241 J 0.194 J 0.142 U 0.136 U 0.455 J 0.922 J 0.314 J

0.016 U 0.018 J 0.0155 U 0.0148 U 0.0364 J 0.0773 J 0.0368 J

0.146 J 0.135 0.0999 J 0.119 0.212 0.257 J 0.424

25.5 J 13.8 10.4 12.8 25.2 25.9 J 15.5

28.1 J 22 J 14.8 J 16.5 J 31.7 J 89.6 J 48.5 J

1.57 U ± 0.74 1.54 J ± 0.6 1.64 U ± 0.37 1.39 J ± 0.63 2.75 ± 0.89 2.29 J ± 1.4 1.83 U ± 0.47

Haley & Aldrich, Inc.
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Table 1b

Summary of Background Soil Quality Data

Gallatin Fossil Plant

Tennessee Valley Authority 

Location Name

Sample Name

Sample Date

Lab Sample ID

Sample Depth (bgs)

Inorganic Compounds (mg/kg) 

Antimony

Arsenic

Barium

Beryllium

Boron

Cadmium

Calcium

Chromium

Cobalt

Copper

Lead

Lithium

Mercury

Molybdenum

Nickel

Selenium

Silver

Thallium

Vanadium

Zinc

Radiological (pCi/g) 

Radium‐226 & 228

Notes:

‐:  Not Analyzed

*: LCS or LCSD is outside limits.

bgs:  below ground surface

ft:  feet

J:  Value is estimated

mg/kg:  milligram per kilogram

NA:  Not Applicable

pCi/g: picoCurie per gram

U:  Not detected, number is the 

laboratory detection limit

(a) ‐ Based on the outlier evaluation, 

samples from location GAP002 were not

included in the background dataset.

See text for additional information.

GAP033 GAP033 GAP034 GAP036 GAP036 GAP036 GAP036

GAP033‐SB‐0‐5‐20170124 GAP033‐SB‐5‐10‐20170124 GAP034‐SB‐0‐3.5‐20170111 GAP036‐SB‐0‐21.5‐20170124 GAP036‐SB‐0‐5‐20170124 GAP036‐SB‐0‐5‐20170124‐DUP GAP036‐SB‐5‐10‐20170124

01/24/2017 01/24/2017 01/11/2017 01/24/2017 01/24/2017 01/24/2017 01/24/2017

180‐62839‐11 180‐62839‐12 180‐62477‐4 180‐62839‐15 180‐62839‐5 180‐62839‐6 180‐62839‐7

0 ‐ 5 (ft) 5 ‐ 10 (ft) 0 ‐ 3.5 (ft) 0 ‐ 21.5 (ft) 0 ‐ 5 (ft) 0 ‐ 5 (ft) 5 ‐ 10 (ft)

0.0417 J 0.0882 J 0.0369 UJ 0.208 J 0.243 J 0.248 J 0.161 J

3.38 J 4.99 J 1.73 5.48 7.02 J 6.51 J 4.19 J

127 76.7 25.7 25.8 25 24.2 20

1.59 J 1.25 J 0.655 0.333 0.318 J 0.336 J 0.235 J

4.05 J 2.52 J 7.54 J 1.47 U 1.55 J 1.38 U 1.28 U

0.077 J 0.0771 J 0.0232 J 0.0594 J 0.0289 U* 0.0291 U* 0.0389 U*

14400 J 8510 J 91900 J 324 J 1300 J 827 J 164 J

19.3 19.9 7.41 J 7.14 J 13.5 10.3 6.59

12 11.9 6.8 2.79 2.3 2.2 2.14

23.3 J 17 J 7.02 7.61 8.36 J 8.08 J 5.24 J

12.6 J 11.9 J 8.01 4.01 6.15 J 5.41 J 4.18 J

15.8 J 11 J 11.8 J 4.72 J 4.33 J 4.44 J 2.77 J

0.0455 0.0623 0.039 J 0.0417 0.0342 J 0.0406 0.0253 J

0.266 J 0.541 J 0.185 J 1.71 1.82 1.8 1.28

30.5 22.3 14.1 J 7.41 7.59 7.08 5.42

0.205 J 0.378 J 0.467 J 0.286 J 0.22 J 0.154 J 0.126 J

0.0169 J 0.0323 J 0.0151 U 0.0151 U 0.0146 U 0.0142 U 0.0131 U

0.272 0.158 0.139 0.124 0.159 0.142 0.0968 J

15.5 19.8 6.28 J 16.9 J 31.5 25.3 17

59.5 J 67.3 J 34.5 23.3 26.5 J 24.1 J 15.9 J

2.17 J ± 0.84 1.78 U ± 0.84 1.86 U ± 0.57 1.08 U ± 0.36 1.20 J ± 0.9 1.92 J ± 0.69 1.40 U ± 0.35

Haley & Aldrich, Inc.
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Table 1b

Summary of Background Soil Quality Data

Gallatin Fossil Plant

Tennessee Valley Authority 

Location Name

Sample Name

Sample Date

Lab Sample ID

Sample Depth (bgs)

Inorganic Compounds (mg/kg) 

Antimony

Arsenic

Barium

Beryllium

Boron

Cadmium

Calcium

Chromium

Cobalt

Copper

Lead

Lithium

Mercury

Molybdenum

Nickel

Selenium

Silver

Thallium

Vanadium

Zinc

Radiological (pCi/g) 

Radium‐226 & 228

Notes:

‐:  Not Analyzed

*: LCS or LCSD is outside limits.

bgs:  below ground surface

ft:  feet

J:  Value is estimated

mg/kg:  milligram per kilogram

NA:  Not Applicable

pCi/g: picoCurie per gram

U:  Not detected, number is the 

laboratory detection limit

(a) ‐ Based on the outlier evaluation, 

samples from location GAP002 were not

included in the background dataset.

See text for additional information.

GAP036 GAP036 GAP036 GAP037 GAP037 GAP037 GAP045

GAP036‐SB‐10‐15‐20170124 GAP036‐SB‐15‐20‐20170124 GAP036‐SB‐20‐21.5‐20170124 GAP037‐SB‐0‐10‐20170110 GAP037‐SB‐0‐5‐20170110 GAP037‐SB‐5‐10‐20170110 GAP045‐SB‐0‐5‐20170117

01/24/2017 01/24/2017 01/24/2017 01/10/2017 01/10/2017 01/10/2017 01/17/2017

180‐62839‐8 180‐62839‐9 180‐62839‐10 180‐62437‐3 180‐62437‐1 180‐62437‐2 180‐62630‐8

10 ‐ 15 (ft) 15 ‐ 20 (ft) 20 ‐ 21.5 (ft) 0 ‐ 10 (ft) 0 ‐ 5 (ft) 5 ‐ 10 (ft) 0 ‐ 5 (ft)

0.225 J 0.227 J 0.173 J 0.119 J 0.0574 J 0.0422 J 0.195 J

8.52 J 10.7 J 12.8 J 4.74 J 3.69 2.93 5.57 J

51.6 55 41.5 198 J 185 142 21.6

0.363 J 0.609 J 1.12 J 1.92 J 2.13 1.51 0.284

1.37 U 1.71 J 2.02 J 2.26 J 4.1 J 2.67 J 1.39 U

0.121 0.208 0.262 0.141 0.0584 J 0.0344 J 0.013 J

264 J 438 J 626 J 8190 J 5810 J 5610 J 452 J

10.5 11.8 6.62 12.9 J 12 J 10.5 J 10.8 J

9 8.68 10.7 16 J 8.61 10.6 1.44

10.4 J 14.5 J 19.3 J 17.1 J 11.9 9.24 7.66

5.42 J 7.52 J 10.8 J 18.1 J 10.6 11.1 4.8

2.78 J 2.28 J 2.38 J 13.6 J 9.29 J 9.5 J 4.98

0.0617 0.0265 J 0.038 J 0.0434 J 0.0705 0.0395 0.0438

2.29 2.04 1.03 0.377 J 0.273 J 0.161 J 1.53 J

13.8 18.9 20.1 37.1 J 19.1 J 18.6 J 4.99

0.212 J 0.312 J 0.339 J 0.568 J 0.539 J 0.463 J 0.242 J

0.0141 U 0.0162 U 0.0148 U 0.0275 J 0.0197 J 0.0161 U 0.0143 U

0.208 0.145 0.172 0.299 J 0.135 0.153 0.181 J

21.7 20.6 16.8 15.5 J 13.7 J 11.2 J 18.9 J

32 J 45.3 J 79.5 J 46.3 34.5 39.9 18.5 J

0.755 U ± 0.72 1.08 U ± 0.35 1.52 U ± 0.43 2.84 U ± 0.69 2.59 U ± 0.79 2.82 ± 0.98 1.65 U ± 0.46

Haley & Aldrich, Inc.
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Table 1b

Summary of Background Soil Quality Data

Gallatin Fossil Plant

Tennessee Valley Authority 

Location Name

Sample Name

Sample Date

Lab Sample ID

Sample Depth (bgs)

Inorganic Compounds (mg/kg) 

Antimony

Arsenic

Barium

Beryllium

Boron

Cadmium

Calcium

Chromium

Cobalt

Copper

Lead

Lithium

Mercury

Molybdenum

Nickel

Selenium

Silver

Thallium

Vanadium

Zinc

Radiological (pCi/g) 

Radium‐226 & 228

Notes:

‐:  Not Analyzed

*: LCS or LCSD is outside limits.

bgs:  below ground surface

ft:  feet

J:  Value is estimated

mg/kg:  milligram per kilogram

NA:  Not Applicable

pCi/g: picoCurie per gram

U:  Not detected, number is the 

laboratory detection limit

(a) ‐ Based on the outlier evaluation, 

samples from location GAP002 were not

included in the background dataset.

See text for additional information.

GAP045 GAP045 GAP055 GAP055 GAP055

GAP045‐SB‐1‐10‐20170117 GAP045‐SB‐5‐10‐20170117 GAP055‐SB‐0‐5‐20170125 GAP055‐SB‐0‐8‐20170125 GAP055‐SB‐5‐8‐20170125

01/17/2017 01/17/2017 01/25/2017 01/25/2017 01/25/2017

180‐62630‐17 180‐62630‐9 180‐62855‐7 180‐62855‐13 180‐62855‐8

1 ‐ 10 (ft) 5 ‐ 10 (ft) 0 ‐ 5 (ft) 0 ‐ 8 (ft) 5 ‐ 8 (ft)

0.227 J 0.242 J 0.171 J 0.174 J 0.04 J

6.22 7.68 J 6.7 J 5.18 J 2.96

108 50.7 231 106 J 47

0.904 0.659 1.4 0.808 J 0.939

1.47 U 7.01 J 2 J 2.46 J 6.89 J

0.0269 J 0.385 0.041 J 0.0401 J 0.0117 U

881 J 105000 J 3960 J 4340 J 22000 J

16 J 11 J 16.3 J 15.6 10.6

10.7 5.93 7.77 8.81 9.91

5.21 12.5 9.04 J 6.61 9.76 J

10.6 25.3 18.9 J 13.1 10.2

5.23 J 10 11.6 J 8.24 J 14.3 J

0.0395 0.048 0.115 0.0309 U* 0.0277 J

1.13 1.06 J 0.79 0.583 J 0.201 U*

5.21 13.2 12.3 10.1 20.2

0.515 J 1.45 J 0.819 1.84 J 0.421 J

0.0151 U 0.0266 J 0.0165 U 0.0165 J 0.0158 J

0.205 0.532 J 0.247 0.229 0.144

24.4 J 15.4 J 25.6 24 J 9.8

17.3 107 J 33.6 28.5 J 37.6

1.64 J ± 0.75 2.40 U ± 0.47 2.74 U ± 0.82 2.36 U ± 0.7 1.98 U ± 0.55

Haley & Aldrich, Inc.
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Table 2

Background Data Statistical Evaluation

Gallatin Fossil Plant

Tennessee Valley Authority 

Variable (a) Units

Frequency of 

Detection

Percent 

Detects

Range of 

Non‐Detects KM Mean KM Variance

KM Standard 

Deviation

KM Coefficient 

of Variation

50th 

Percentile

95th 

Percentile

Maximum 

Detect

Outlier 

Presence*

Outlier 

Removed Distribution BTV  Method

Antimony mg/Kg 40 / 44 91% 0.0351 : 0.0402 0.145 0.0062 0.0787 0.541 0.148 0.252 0.33 No No Normal 0.3 95% Normal KM UTL with 95% Coverage

Arsenic mg/Kg 44 / 44 100%     NA     5.593 7.944 2.818 0.504 4.95 10.54 13.7 No No Gamma 13 95% WH Approx. Gamma UTL with 95% Coverage

Barium mg/Kg 44 / 44 100%     NA     91.22 3038 55.12 0.604 86.2 196.1 231 No No Normal 207 95% Normal UTL with 95% Coverage

Beryllium mg/Kg 44 / 44 100%     NA     1.085 0.345 0.587 0.541 0.97 2.13 2.86 No No Normal 2 95% Normal UTL with 95% Coverage

Boron mg/Kg 29 / 44 66% 1.28 : 1.65 3.148 5.307 2.304 0.732 2.135 7.461 10.7 No No Normal 8 95% Normal KM UTL with 95% Coverage

Cadmium mg/Kg 37 / 44 84% 0.0117 : 0.0594 0.0993 0.0141 0.119 1.195 0.0762 0.375 0.587 Yes No Lognormal 0.5 95% KM UTL (Lognormal) with 95% Coverage

Calcium mg/Kg 44 / 44 100%     NA     17943 9.44E+08 30725 1.712 5005 91000 137000 Yes No Gamma 91995 95% WH Approx. Gamma UTL with 95% Coverage

Chromium mg/Kg 44 / 44 100%     NA     13.18 23.74 4.872 0.37 12.1 19.81 31.2 Yes No Normal 23 95% Normal UTL with 95% Coverage

Cobalt mg/Kg 44 / 44 100%     NA     9.295 13.44 3.666 0.394 9.015 15.48 16.1 No No Normal 17 95% Normal UTL with 95% Coverage

Copper mg/Kg 44 / 44 100%     NA     10.42 23.17 4.814 0.462 8.955 20.32 23.3 No No Lognormal 23 95% Lognormal UTL with 95% Coverage

Lead mg/Kg 44 / 44 100%     NA     13.09 44.11 6.642 0.507 11.95 27.68 30.8 No No Gamma 30 95% WH Approx. Gamma KM UTL with 95% Coverage

Lithium mg/Kg 44 / 44 100%     NA     8.562 22.12 4.703 0.549 9.01 15.74 17 No No Gamma 22 95% WH Approx. Gamma KM UTL with 95% Coverage

Mercury mg/Kg 37 / 44 84% 0.0086 : 0.104 0.0472 7.12E‐04 0.0267 0.565 0.0431 0.104 0.165 Yes No Gamma 0.1 95% WH Approx. Gamma KM UTL with 95% Coverage

Molybdenum mg/Kg 43 / 44 98% 0.201 : 0.201 0.789 0.27 0.52 0.658 0.718 1.804 2.29 No No Normal 2 95% Normal KM UTL with 95% Coverage

Nickel mg/Kg 44 / 44 100%     NA     14.73 55.17 7.427 0.504 13.95 25.76 37.1 No No Normal 30 95% Normal UTL with 95% Coverage

Selenium mg/Kg 42 / 44 95% 0.136 : 0.142 0.665 0.504 0.71 1.068 0.438 2.274 3.3 Yes No Distribution Free 3 95% UTL with 95% Coverage

Silver mg/Kg 23 / 44 52% 0.0131 : 0.0167 0.0203 1.35E‐04 0.0116 0.571 0.0165 0.0367 0.0773 Yes No Gamma 0.04 95% WH Approx. Gamma KM UTL with 95% Coverage

Thallium mg/Kg 44 / 44 100%     NA     0.2 0.00661 0.0813 0.407 0.181 0.299 0.532 Yes No Gamma 0.4 95% WH Approx. Gamma UTL with 95% Coverage

Vanadium mg/Kg 44 / 44 100%     NA     19.24 62.74 7.921 0.412 17.65 33.71 41.8 No No Normal 36 95% Normal UTL with 95% Coverage

Zinc mg/Kg 44 / 44 100%     NA     43.49 606.3 24.62 0.566 34.85 99.29 110 No No Gamma 103 95% WH Approx. Gamma UTL with 95% Coverage

Radium‐226 & 228 pCi/g 44 / 44 100%     NA     2.063 0.332 0.576 0.279 2.11 2.837 3.14 No No Normal 3 95% Normal UTL with 95% Coverage

Notes:

* ‐ Tested at 5% significance level. pCi/g ‐ picoCurie per gram.

BTV ‐ Background Threshold Value. UTLs ‐ Upper Tolerance Limits. 

KM ‐ Kaplan‐Meier Method. Var ‐ Variance.

mg/kg ‐ milligram per kilogram. WH ‐ Wilson Hilferty Transformation.

NA ‐ Not Available.

BTV values and statistics were calculated using ProUCL v. 5.1.002.  

(a) ‐ Based on the outlier evaluation, samples from location GAP002 were not included in the background dataset.

See text for additional information.

Haley & Aldrich, Inc.
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Human Health Soil Screening Levels

Gallatin Fossil Plant

Tennessee Valley Authority 

Antimony 7440‐36‐0 470 (g) 135 (g)

Arsenic 7440‐38‐2 300 (c) (e) 98.6 (c) (f)

Barium 7440‐39‐3 220,000 40,600

Beryllium 7440‐41‐7 2,300 326

Boron 7440‐42‐8 230,000 58,100

Cadmium 7440‐43‐9 980 86.2

Calcium 7440‐70‐2 NA NA

Chromium 16065‐83‐1 >1,000,000 (h) 84,300 (h)

Cobalt 7440‐48‐4 350 289

Copper 7440‐50‐8 47,000 3,390

Lead 7439‐92‐1 800 800 (k)

Lithium 7439‐93‐2 2,300 679

Mercury 7487‐94‐7 350 (i) 610 (i)

Molybdenum 7439‐98‐7 5,800 1,700

Nickel 7440‐02‐0 22,000 (j) 2,530 (j)

Selenium 7782‐49‐2 5,800 1,690

Silver 7440‐22‐4 5,800 1,700

Thallium 7440‐28‐0 12 (d) 14 (d)

Vanadium 7440‐62‐2 5,800 1,270

Zinc 7440‐66‐6 350,000 102,000

Notes:

CAS ‐ Chemical Abstracts Service. RBSL ‐ Risk Based Screening Levels.

mg/kg ‐ milligram per kilogram. RSL ‐ Risk‐based Screening Levels (USEPA).

NA ‐ not available. USEPA ‐ United States Environmental Protection Agency.

(a) ‐ USEPA Risk‐Based Screening Levels (May 2020).  Values for industrial soil. Hazard Index = 1.0.  

        https://www.epa.gov/risk/regional‐screening‐levels‐rsls‐generic‐tables

(b) ‐ Site‐specific risk based screening levels (RBSLs) calculated for construction worker exposure to soil ‐ Other Construction Activities

       using USEPA exposure factors and equations from the USEPA screening levels calculator. See Appendix A.

https://epa‐prgs.ornl.gov/cgi‐bin/chemicals/csl_search

(c) ‐ Arsenic RSL and RBSL are based on the lower of the values based on a hazard index of 1 and an excess lifetime cancer risk of 1E‐04. 

      Note that of the constituents evaluated, arsenic is the only constituent with an RSL based on potential carcinogenic effects.

(d) ‐ RSL for Thallium (Soluble Salts) used for Thallium.

(e) ‐ RSL based on cancer endpoint (noncancer based RSL is 480 mg/kg).

(f) ‐ RBSL based on noncancer endpoint (cancer‐based RBSL at 1E‐4 is 9,250 mg/kg).

(g) ‐ RSL for Antimony (metallic) used for Antimony.

(h) ‐ RSL for Chromium (III), Insoluble Salts used for Chromium. RSL greater than a million parts per million.

(i) ‐ RSL for Mercuric Chloride used for Mercury.

(j) ‐ RSL for Nickel Soluble Salts used for Nickel.

(k) ‐ USEPA industrial soil RSL value used.

Constituent CAS

May 2020

USEPA 

Industrial Soil

RSLs (a) 

(mg/kg)

On‐Site

Construction/Utility Worker ‐ 

Other Construction Activities 

Calculated RBSL (b)  

(mg/kg)

Haley & Aldrich, Inc.
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Table 4

Human Health Exposure Parameters for Calculation of Construction/Utility Worker RBSL for Soil

Gallatin Fossil Plant

Tennessee Valley Authority 

Units

Standard Parameters

Body Weight BW kg 80 USEPA, 2014

Exposure Duration ED years 1 USEPA, 2002

Non–carcinogenic Averaging Time Atnc days 365 ED expressed in days

Carcinogenic Averaging Time Atc days 25550 70 year lifetime

Incidental Ingestion of Soil

Exposure Frequency EF days/year 60 Site‐specific ‐ 12 weeks 

excavation

Soil Ingestion Rate IR mg/day 330 USEPA, 2002

Fraction Ingested FI unitless 1.0 USEPA, 2002

Dermal Exposure with Soil

Exposed Skin Surface Area SA cm
2 3527 USEPA, 2014

Soil Adherence Factor AF mg/cm2 0.3 USEPA, 2002

Fraction Dermal EV event/day 1.0 USEPA, 2002

Particulate Inhalation

Exposure Time ETPart hours/day 8 USEPA, 2014

Notes:

RBSL ‐ Risk‐based screening level.

USEPA ‐ United States Environmental Protection Agency.

USEPA, 2002 ‐ Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites.  OWSWER 9355.4‐24

USEPA, 2014 ‐ Human Health Evaluation Manual, Supplemental Guidance: Update of Standard Default Exposure Factors.  OSWER 9200.1‐120.  February 6, 2014.

(a) ‐ RBSL calculations are provided in Appendix A.

Parameter

Current/Future On‐Site 

Construction Worker (a)

Haley & Aldrich, Inc.
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Page 1 of 1Table 5

Ecological Soil and Sediment Screening Levels

Gallatin Fossil Plant

Tennessee Valley Authority 

Constituent CAS

Background 

Threshold 

Value (a) 

(mg/kg) 

USEPA Region 4 

Ecological Soil 

Screening Value 

(b) 

(mg/kg)

USEPA Region 4 

Ecological Freshwater 

Sediment Threshold 

Effects Concentration 

(c) 

(mg/kg)

USEPA Region 4 

Ecological Freshwater 

Sediment Probable 

Effects Concentration (c) 

(mg/kg)

Antimony 7440‐36‐0 0.3 0.27 2 25

Arsenic 7440‐38‐2 13 18 9.8 33

Barium 7440‐39‐3 207 330 20 60

Beryllium 7440‐41‐7 2.3 2.5 NA NA

Boron 7440‐42‐8 8.0 7.5 NA NA

Cadmium 7440‐43‐9 0.5 0.36 1 5

Calcium 7440‐70‐2 91995 NA NA NA

Chromium 16065‐83‐1 23 23 43.4 111

Cobalt 7440‐48‐4 17 13 50 NA

Copper 7440‐50‐8 23 28 31.6 149

Lead 7439‐92‐1 30 11 35.8 128

Lithium 7439‐93‐2 22 2 NA NA

Mercury 7487‐94‐7 0.1 0.013 0.17 0.17

Molybdenum 7439‐98‐7 2 2 NA NA

Nickel 7440‐02‐0 30 38 22.7 48.6

Selenium 7782‐49‐2 3 0.52 0.72 2.9

Silver 7440‐22‐4 0.04 4.2 1 2.2

Thallium 7440‐28‐0 0.4 0.05 NA NA

Vanadium 7440‐62‐2 36 7.8 NA NA

Zinc 7440‐66‐6 103 46 121 459

Notes:

BTV ‐ Background Threshold Value.

CAS ‐ Chemical Abstracts Service.

mg/kg ‐ milligram per kilogram.

NA ‐ not available.

USEPA ‐ United States Environmental Protection Agency.

(a) ‐ BTVs calculated in Table 2.

(b) ‐ USEPA Region 4.  2018.  Region 4 Ecological Risk Assessment Supplemental Guidance.  March 2018.  

Table 3 Soil Screening Levels.

       https://www.epa.gov/sites/production/files/2018‐03/documents/era_regional_supplemental_guidance_report‐march‐2018_update.pdf

(c) ‐ USEPA Region 4.  2018.  Region 4 Ecological Risk Assessment Supplemental Guidance.  March 2018.  

Table 2a Region 4 Sediment Ecological Screening Values (ESV) and Refinement Screening Values (RSV). 

       https://www.epa.gov/sites/production/files/2018‐03/documents/era_regional_supplemental_guidance_report‐march‐2018_update.pdf

Haley & Aldrich, Inc.
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Derivation of Site‐Specific Soil‐to‐Groundwater Soil Screening Levels for the Drinking Water Pathway

Gallatin Fossil Plant

Tennessee Valley Authority 

Constituent CAS

Antimony 7440‐36‐0 0.006 (e) MCL 0.27 (e) 5.4 (e)

Arsenic 7440‐38‐2 0.01 MCL 0.29 5.8

Barium 7440‐39‐3 2 MCL 82 1,640

Beryllium 7440‐41‐7 0.004 MCL 3.2 64

Boron 7440‐42‐8 4 RSL 13 260

Cadmium 7440‐43‐9 0.005 MCL 0.38 7.6

Calcium 7440‐70‐2 NA MCL NA NA

Chromium 16065‐83‐1 0.1 (g) MCL > 1,000,000 (g,h) > 1,000,000 (g,h)

Cobalt 7440‐48‐4 0.006 RSL 0.27 5.4

Copper 7440‐50‐8 1.3 MCL 46 920

Lead 7439‐92‐1 0.015 MCL 14 280

Lithium 7439‐93‐2 0.04 RSL 12 240

Mercury 7487‐94‐7 0.002 (c) MCL 0.1 (c) 2 (c)

Molybdenum 7439‐98‐7 0.1 RSL 2 40

Nickel 7440‐02‐0 0.39 (d) RSL 26 (d) 520 (d)

Selenium 7782‐49‐2 0.05 MCL 0.26 5.2

Silver 7440‐22‐4 0.094 RSL 0.8 16

Thallium 7440‐28‐0 0.002 (f) MCL 0.14 (f) 2.8 (f)

Vanadium 7440‐62‐2 0.086 RSL 86 1,720

Zinc 7440‐66‐6 6 RSL 370 7,400

Notes:

DAF ‐ Dilution Attenuation Factor. mg/L ‐ milligram per liter.

DW ‐ Drinking Water. NA ‐ not available.

CAS ‐ Chemical Abstracts Service. RSL ‐ Risk‐based Screening Levels (USEPA).

MCL ‐ Maximum Contaminant Level (USEPA). SSL ‐ Soil Screening Level.

mg/kg ‐ milligram per kilogram. USEPA ‐ United States Environmental Protection Agency.

(a) ‐ USEPA 2018 Edition of the Drinking Water Standards and Health Advisories. Spring 2018. 

https://www.epa.gov/sites/production/files/2018‐03/documents/dwtable2018.pdf

Where USEPA MCLs are unavailable, the USEPA Risk Based Screening Level values for tapwater are used (May 2020). Hazard Index = 1.0. 

https://www.epa.gov/risk/regional‐screening‐levels‐rsls‐generic‐tables

(b) ‐ USEPA Risk‐Based Screening Levels (May 2020).  Values for  MCL‐based SSL, or where unavailable, USEPA risk‐based SSL (Hazard Index = 1.0.) .

https://www.epa.gov/risk/regional‐screening‐levels‐rsls‐generic‐tables

The default Dilution Attenuation Factor (DAF) used in the USEPA SSLs = 1. Values are adjusted using a DAF of 20, as recommended in USEPA, 2002. 

Supplemental Soil Guidance. https://semspub.epa.gov/work/HQ/175878.pdf

(c) ‐ Value for Inorganic Mercury used for Mercury.

(d) ‐ Value for Nickel Soluble Salts used for Nickel.

(e) ‐ Value for Antimony (metallic) used for Antimony.

(f) ‐ Value for Thallium (Soluble Salts) used for Thallium.

(g) ‐ Value for Chromium (III), Insoluble Salts used for Chromium. 

(h) ‐ Value greater than a million parts per million.

 USEPA Drinking Water 

Value (a) 

(mg/L)

May 2020

USEPA DW‐Based Soil‐

to‐Groundwater SSL 

DAF = 1 

(b) 

(mg/kg)

Adjusted

USEPA DW‐Based Soil‐

to‐Groundwater SSL 

DAF = 20 

(b) 

(mg/kg)
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Page 1 of 1Table 7

Derivation of Site‐Specific Soil‐to‐Groundwater Soil Screening Levels for the Protection of Surface Water Pathway

Gallatin Fossil Plant

Tennessee Valley Authority 

Antimony 7440‐36‐0 0.006 (e) 5.4 (e) 1.4 1,242

Arsenic 7440‐38‐2 0.01 5.8 2.3 1,334

Barium 7440‐39‐3 2 1,640 51 41,492

Beryllium 7440‐41‐7 0.004 64 0.92 14,720

Boron 7440‐42‐8 4 260 920 59,800

Cadmium 7440‐43‐9 0.005 7.6 0.17 251

Calcium 7440‐70‐2 NA NA 26,680 NA

Chromium 16065‐83‐1 0.1 (g) > 1,000,000 (g,h) 17 > 1,000,000 (g,h)

Cobalt 7440‐48‐4 0.006 5.4 1.4 1,242

Copper 7440‐50‐8 1.3 920 2.1 1,458

Lead 7439‐92‐1 0.015 280 0.58 10,805

Lithium 7439‐93‐2 0.04 240 9.2 55,200

Mercury 7487‐94‐7 0.002 (i) 2 (i) 0.012 12

Molybdenum 7439‐98‐7 0.1 40 23 9,200

Nickel 7440‐02‐0 0.39 (j) 520 (j) 12 15,949

Selenium 7782‐49‐2 0.05 5.2 0.71 74

Silver 7440‐22‐4 0.094 16 0.74 126

Thallium 7440‐28‐0 0.002 (f) 2.8 (f) 0.11 151

Vanadium 7440‐62‐2 0.086 1,720 6.2 124,200

Zinc 7440‐66‐6 6 7,400 27 33,240

Notes:

CAS ‐ Chemical Abstracts Service. mg/L ‐ milligram per liter.

DAF ‐ Dilution Attenuation Factor. NA ‐ not available.

GAF ‐ Gallatin Fossil Plant. RSL ‐ Risk‐based Screening Levels (USEPA).

MCL ‐ Maximum Contaminant Level (USEPA). SSL ‐ Soil Screening Level.

mg/kg ‐ milligram per kilogram. USEPA ‐ United States Environmental Protection Agency.

(a) ‐ USEPA 2018 Edition of the Drinking Water Standards and Health Advisories. Spring 2018. 

https://www.epa.gov/sites/production/files/2018‐03/documents/dwtable2018.pdf

Where USEPA MCLs are unavailable, the USEPA Risk Based Screening Level values for tapwater are used (May 2020). Hazard Index = 1.0. 

https://www.epa.gov/risk/regional‐screening‐levels‐rsls‐generic‐tables

(b) ‐ USEPA Risk‐Based Screening Levels (May 2020).  Values for MCL‐based SSL, or where unavailable, USEPA risk‐based SSL (Hazard Index = 1.0.) .

https://www.epa.gov/risk/regional‐screening‐levels‐rsls‐generic‐tables

The default Dilution Attenuation Factor (DAF) used in the USEPA SSLs = 1. Values are adjusted using a DAF of 20, as recommended in USEPA, 2002. 

Supplemental Soil Guidance. https://semspub.epa.gov/work/HQ/175878.pdf

(c) ‐ Target groundwater concentrations for the Cumberland River are calculated in Table 10.

(d) ‐ Risk‐Based SSLs calculated as follows:

(USEPA DW‐Based Soil‐to‐Groundwater SSL * Target Groundwater Screening Level) 

     Where:

Values from USEPA. 2002. Supplemental Soil Guidance. Equation 4‐10 Soil Screening Level Partitioning Equation for Migration to Ground Water

Available at: https://semspub.epa.gov/work/HQ/175878.pdf

(e) ‐ RSL for Antimony (metallic) used for Antimony.

(f) ‐ RSL for Thallium (Soluble Salts) used for Thallium.

(g) ‐ RSL/SSL for Chromium (III), Insoluble Salts used for Chromium. 

(h) ‐ RSL/SSL greater than a million parts per million.

(i) ‐ MCL for Inorganic Mercury used for Mercury.

(j) ‐ RSL for Nickel Soluble Salts used for Nickel.

Cw * [ Kd + (w + a * H')]
b

 b/dry  soil  bulk  density   kg/L 1.5

Koc /soil organic carbon/water partition coefficient  L/kg chemical‐specific

foc  /fraction  organic  carbon  in soil    g/g 0.002    (0.2%)

w /water‐filled   soil   porosity Lwater/Lsoil 0.3

DAF Unitless

H'/dimensionless Henry's law constant Unitless chemical‐specific

a/air‐filled soil porosity  Lair/Lsoil n - w

n/soil porosity Lpore/Lsoil 1-(b /s)

s/soil particle density  kg/L 2.65

20

Kd/soil‐water partition coefficient L/kg chemical‐specific

Parameter/Definition   Units Default USEPA Value

Cw/target soil leachate concentration mg/L USEPA Drinking Water Value (mg/L) * DAF

May 2020

USEPA DW‐Based Soil‐to‐

Groundwater SSL 

DAF = 20 (b) 

(mg/kg)

Site‐Specific Risk‐Based Soil‐to‐Groundwater SSL (mg/kg)  = 

 USEPA Drinking Water Value.

Site‐Specific 

Risk‐Based 

Soil‐to‐Groundwater 

SSL ‐ Cumberland River 

(d) 

(mg/kg)

GAF Calculated Target 

Groundwater Screening 

Levels Protective of 

Surface Water ‐ 

Cumberland River (c)

(mg/L)

USEPA Screening Levels

USEPA DW‐Based Soil‐to‐Groundwater SSL (mg/kg) = 

 USEPA Drinking 

Water Value (a) 

(mg/L)Constituent CAS
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Page 1 of 1Table 8

Derivation of Site‐Specific Soil‐to‐Surface Water Soil Screening Levels

Gallatin Fossil Plant

Tennessee Valley Authority 

Antimony 7440‐36‐0 0.006 (e) 5.4 (e) 0.006 5

Arsenic 7440‐38‐2 0.01 5.8 0.01 6

Barium 7440‐39‐3 2 1,640 0.22 180

Beryllium 7440‐41‐7 0.004 64 0.004 64

Boron 7440‐42‐8 4 260 4 260

Cadmium 7440‐43‐9 0.005 7.6 0.00072 1

Calcium 7440‐70‐2 NA NA 116 NA

Chromium 16065‐83‐1 0.1 (g) > 1,000,000 (g,h) 0.074 > 1,000,000 (g,h)

Cobalt 7440‐48‐4 0.006 5.4 0.006 5

Copper 7440‐50‐8 1.3 920 0.009 6

Lead 7439‐92‐1 0.015 280 0.0025 47

Lithium 7439‐93‐2 0.04 240 0.04 240

Mercury 7487‐94‐7 0.002 (i) 2 (i) 0.000051 0.051

Molybdenum 7439‐98‐7 0.1 40 0.1 40

Nickel 7440‐02‐0 0.39 (j) 520 (j) 0.052 69

Selenium 7782‐49‐2 0.05 5.2 0.0031 0.3

Silver 7440‐22‐4 0.094 16 0.0032 0.5

Thallium 7440‐28‐0 0.002 (f) 2.8 (f) 0.00047 0.7

Vanadium 7440‐62‐2 0.086 1,720 0.027 540

Zinc 7440‐66‐6 6 7,400 0.12 145

Notes:

CAS ‐ Chemical Abstracts Service. mg/L ‐ milligram per liter.

DAF ‐ Dilution Attenuation Factor. NA ‐ not available.

GAF ‐ Gallatin Fossil Plant. RSL ‐ Risk‐based Screening Levels (USEPA).

MCL ‐ Maximum Contaminant Level (USEPA). SSL ‐ Soil Screening Level.

mg/kg ‐ milligram per kilogram. USEPA ‐ United States Environmental Protection Agency.

(a) ‐ USEPA 2018 Edition of the Drinking Water Standards and Health Advisories. Spring 2018. 

https://www.epa.gov/sites/production/files/2018‐03/documents/dwtable2018.pdf

Where USEPA MCLs are unavailable, the USEPA Risk Based Screening Level values for tapwater are used (May 2020). Hazard Index = 1.0. 

https://www.epa.gov/risk/regional‐screening‐levels‐rsls‐generic‐tables

(b) ‐ USEPA Risk‐Based Screening Levels (May 2020).  Values for MCL‐based SSL, or where unavailable, USEPA risk‐based SSL (Hazard Index = 1.0.) .

https://www.epa.gov/risk/regional‐screening‐levels‐rsls‐generic‐tables

The default Dilution Attenuation Factor (DAF) used in the USEPA SSLs = 1. Values are adjusted using a DAF of 20, as recommended in USEPA, 2002. 

Supplemental Soil Guidance. https://semspub.epa.gov/work/HQ/175878.pdf

(c) ‐ The target surface water screening level is the lower of the HH DW, HH Rec, and Eco surface water screening levels as shown in Table 10.

(d) ‐ Risk‐Based SSLs calculated as follows:

(USEPA DW‐Based Soil‐to‐Groundwater SSL * Target Surface Water Screening Level) 

     Where:

Values from USEPA. 2002. Supplemental Soil Guidance. Equation 4‐10 Soil Screening Level Partitioning Equation for Migration to Ground Water

Available at: https://semspub.epa.gov/work/HQ/175878.pdf

(e) ‐ RSL for Antimony (metallic) used for Antimony.

(f) ‐ RSL for Thallium (Soluble Salts) used for Thallium.

(g) ‐ RSL/SSL for Chromium (III), Insoluble Salts used for Chromium. 

(h) ‐ RSL/SSL greater than a million parts per million.

(i) ‐ MCL for Inorganic Mercury used for Mercury.

(j) ‐ RSL for Nickel Soluble Salts used for Nickel.

Site‐Specific Risk‐Based Soil‐to‐Surface Water SSL (mg/kg)  = 

 USEPA Drinking Water Value.

USEPA DW‐Based Soil‐to‐Groundwater SSL (mg/kg) = 

Constituent CAS

USEPA Screening Levels

Target Surface Water 

Screening Level 

(mg/L) (c)

(mg/L)

Site‐Specific 

Risk‐Based 

Soil‐to‐Surface Water 

SSL (d) 

(mg/kg)

 USEPA Drinking 

Water Value (a) 

(mg/L)

May 2020

USEPA DW‐Based Soil‐to‐

Groundwater SSL 

DAF = 20 (b) 

(mg/kg)

Cw * [ Kd + (w + a * H')]
b

Cw/target soil leachate concentration mg/L USEPA Drinking Water Value (mg/L) * DAF

Parameter/Definition   Units Default USEPA Value

DAF Unitless 20

Kd/soil‐water partition coefficient L/kg chemical‐specific

Koc /soil organic carbon/water partition coefficient  L/kg chemical‐specific

foc  /fraction  organic  carbon  in soil    g/g 0.002    (0.2%)

w /water‐filled   soil   porosity Lwater/Lsoil 0.3

a/air‐filled soil porosity  Lair/Lsoil n - w

 b/dry  soil  bulk  density   kg/L 1.5

H'/dimensionless Henry's law constant Unitless chemical‐specific

n/soil porosity Lpore/Lsoil 1-(b /s)

s/soil particle density  kg/L 2.65
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Table 9

Derivation of Human Health Drinking Water and Recreational Surface Water Screening Levels

Gallatin Fossil Plant

Tennessee Valley Authority 

TDEC Domestic 

Water Supply (a)

(mg/L)

MCLs (b) 

(mg/L)

SMCLs (b) 

(mg/L)

May 2020 USEPA 

Tapwater 

RSLs (c)

(mg/L)

TDEC Recreation

Water and 

Organism (a)

(mg/L) 

TDEC Recreation 

Organism Only (a)

(mg/L) 

USEPA AWQC 

Consumption of 

Water and 

Organism (d)

(mg/L)

USEPA AWQC 

Consumption of 

Organism Only (d)

(mg/L)

Human Health 

Drinking Water 

Screening Level (e)

(mg/L)

Human Health 

Recreational 

Screening Level (f)

(mg/L)

Antimony 7440‐36‐0 0.006 0.006 NA 0.0078 (n) 0.0056 0.64 0.0056 0.64 0.006 0.64

Arsenic 7440‐38‐2 0.01 0.01 NA 0.000052 0.01 (m) 0.01 (m) 0.000018 (p) 0.00014 (p) 0.01 0.01

Barium 7440‐39‐3 2 2 NA 3.8 NA NA 1 NA 2 NA

Beryllium 7440‐41‐7 0.004 0.004 NA 0.025 NA NA NA NA 0.004 NA

Boron 7440‐42‐8 NA NA NA 4 NA NA NA NA 4 NA

Cadmium 7440‐43‐9 0.005 0.005 NA 0.0092 NA NA NA NA 0.005 NA

Calcium 7440‐70‐2 NA NA NA NA NA NA NA NA NA NA

Chromium 16065‐83‐1 0.1 0.1 (o) NA 22 (i) NA NA NA NA 0.1 NA

Cobalt 7440‐48‐4 NA NA NA 0.006 NA NA NA NA 0.006 NA

Copper 7440‐50‐8 NA 1.3 (h) 1 0.8 NA NA 1.3 NA 1.3 NA

Lead 7439‐92‐1 0.005 0.015 (g) NA 0.015 NA NA NA NA 0.005 NA

Lithium 7439‐93‐2 NA NA NA 0.04 NA NA NA NA 0.04 NA

Mercury 7487‐94‐7 0.002 0.002 NA 0.0057 (j) 0.00005 0.000051 NA NA 0.002 0.000051

Molybdenum 7439‐98‐7 NA NA NA 0.1 NA NA NA NA 0.1 NA

Nickel 7440‐02‐0 0.1 NA NA 0.39 (k) 0.61 4.6 0.61 4.6 0.1 4.6

Selenium 7782‐49‐2 0.05 0.05 NA 0.1 0.17 4.2 0.17 4.2 0.05 4.2

Silver 7440‐22‐4 NA NA 0.1 0.094 NA NA NA NA 0.094 NA

Thallium 7440‐28‐0 0.002 0.002 NA 0.0002 (l) 0.00024 0.00047 0.00024 0.00047 0.002 0.00047

Vanadium 7440‐62‐2 NA NA NA 0.086 NA NA NA NA 0.086 NA

Zinc 7440‐66‐6 NA NA 5 6 7.4 26 7.4 26 6 26

Selected Published Human Health 

Screening Levels

Constituent CAS

Human Health Published Screening Level ‐ Drinking Water Human Health Published Screening Level ‐ Surface Water

Haley & Aldrich, Inc.
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Table 9

Derivation of Human Health Drinking Water and Recreational Surface Water Screening Levels

Gallatin Fossil Plant

Tennessee Valley Authority 

Notes:

AWQC ‐ Ambient Water Quality Criteria. NA ‐ Not Available.

CAS ‐ Chemical Abstracts Service. RSL ‐ Risk‐based Screening Levels (USEPA).

MCL ‐ Maximum Contaminant Level. TDEC ‐ Tennessee Department of Environment and Conservation.

mg/L ‐ milligrams per liter. USEPA ‐ United States Environmental Protection Agency.

(a) ‐ Tennessee Department of Environment and Conservation.  Tennessee Board of Water Quality, Oil and Gas.  

        General Water Quality Criteria.  Chapter 0400‐40‐03.  December 2013.  Revised September 2019.  

        https://publications.tnsosfiles.com/rules/0400/0400‐40/0400‐40‐03.20190911.pdf

(b) ‐ USEPA 2018 Edition of the Drinking Water Standards and Health Advisories. Spring 2018. 

       https://www.epa.gov/sites/production/files/2018‐03/documents/dwtable2018.pdf

(c) ‐ USEPA Risk‐Based Screening Levels (May 2020). Values for tapwater. Hazard Index = 1.0. 

       https://semspub.epa.gov/work/HQ/197442.pdf

(d) ‐ USEPA National Recommended Water Quality Criteria. USEPA Office of Water and Office of Science and Technology. 

       http://www.epa.gov/wqc/national‐recommended‐water‐quality‐criteria‐human‐health‐criteria‐table

       USEPA AWQC Human Health for the Consumption of Organism Only apply to total concentrations.

(e) ‐ Drinking Water Screening Levels selected using the following hierarchy:

        TDEC Domestic Water Supply

        USEPA MCL for Drinking Water.

        USEPA Tapwater RSL.

        USEPA SMCL for Drinking Water.

(f) ‐ Recreational Use Screening Levels selected using the following hierarchy:

        TDEC Ambient Water Quality Criteria for Human Health Consumption of Organism Only.

        USEPA Ambient Water Quality Criteria for Human Health Consumption of Organism Only.

(g) ‐ Lead Treatment Technology Action Level is 0.015 mg/L.

(h) ‐ Copper Treatment Technology Action Level is 1.3 mg/L.

(i) ‐ Value for Chromium (III), Insoluble Salts used for Chromium.

(j) ‐ RSL for Mercuric Chloride used for Mercury.

(k) ‐ RSL for Nickel Soluble Salts used for Nickel.

(l) ‐ RSL for Thallium (Soluble Salts) used for Thallium.

(m) ‐ 10
‐5 risk level is used for all carcinogenic pollutants.

(n) ‐ RSL for Antimony (metallic) used for Antimony.

(o) ‐ Value for Total Chromium.

(p) ‐ Value applies to inorganic form of arsenic only.
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Table 10

Derivation of Ecological Surface Water Screening Levels

Gallatin Fossil Plant

Tennessee Valley Authority 

Dissolved Total Dissolved Total Dissolved Total Dissolved Total Dissolved Total Dissolved Total Dissolved Total Dissolved Total

Antimony 7440‐36‐0 NA NA NA NA NA NA NA NA NA 0.9 NA 0.19 NA 0.9 NA 0.19

Arsenic 7440‐38‐2 0.34 (d) 0.34 (d) 0.15 (d) 0.15 (d) 0.34 (d, e) 0.34 (d, j) 0.15 (d, e) 0.15 (d, j) 0.34 (d) 0.34 (d) 0.15 (d) 0.15 (d) 0.34 0.34 0.15 0.15

Barium 7440‐39‐3 NA NA NA NA NA NA NA NA NA 2 NA 0.22 NA 2 NA 0.22

Beryllium 7440‐41‐7 NA NA NA NA NA NA NA NA NA 0.093 (k) NA 0.011 (k) NA 0.093 NA 0.011

Boron 7440‐42‐8 NA NA NA NA NA NA NA NA NA 34 NA 7.2 NA 34 NA 7.2

Cadmium 7440‐43‐9 0.0018 (e, f) 0.0019 (f, j) 0.00072 (e, f) 0.00079 (f, j) 0.0018 (e, f) 0.0019 (f, j) 0.00072 (e, f) 0.00079 (f, j) 0.00094 (k) 0.00096 (k) 0.00043 (k) 0.00045 (k) 0.0018 0.0019 0.00072 0.00079

Calcium 7440‐70‐2 NA NA NA NA NA NA NA NA NA NA NA 116 NA NA NA 116

Chromium 16065‐83‐1 0.57 (e, f, g) 1.8 (f, g, j) 0.074 (e, f, g) 0.086 (f, g, j) 0.57 (e, f, g) 1.8 (f, g, j) 0.074 (e, f, g) 0.086 (f, g, j) 0.32 (g, k) 1.0 (g, k) 0.042 (g, k) 0.049 (g, k) 0.57 1.8 0.074 0.086

Cobalt 7440‐48‐4 NA NA NA NA NA NA NA NA NA 0.12 NA 0.019 NA 0.12 NA 0.019

Copper 7440‐50‐8 0.013 (e, f) 0.014 (f, j) 0.009 (e, f) 0.0093 (f, j) 0.013 (e, f) 0.013999 (f, j) 0.0090 (e, f) 0.009329 (f, j) 0.0070 (k) 0.0073 (k) 0.0050 (k) 0.0052 (k) 0.013 0.014 0.0090 0.0093

Lead 7439‐92‐1 0.065 (e, f) 0.082 (f, j) 0.0025 (e, f) 0.0032 (f, j) 0.065 (e, f) 0.082 (f, j) 0.0025 (e, f) 0.0032 (f, j) 0.030 (k) 0.034 (k) 0.0012 (k) 0.0013 (k) 0.065 0.082 0.0025 0.0032

Lithium 7439‐93‐2 NA NA NA NA NA NA NA NA NA 0.91 NA 0.44 NA 0.91 NA 0.44

Mercury 7487‐94‐7 0.0014 (e) NA 0.00077 (e) NA 0.0014 (e, h) 0.0016 (h, j) 0.00077 (e, h) 0.00091 (h, j) 0.0014 0.0016 0.00077 0.00091 0.0014 0.0016 0.00077 0.00091

Molybdenum 7439‐98‐7 NA NA NA NA NA NA NA NA NA 7.2 NA 0.8 NA 7.2 NA 0.8

Nickel 7440‐02‐0 0.47 (e, f) 0.47 (f, j) 0.052 (e, f) 0.052 (f, j) 0.47 (e, f) 0.47 (f, j) 0.052 (e, f) 0.052 (f, j) 0.26 (k) 0.26 (k) 0.0289 (k) 0.0290 (k) 0.47 0.47 0.052 0.052

Selenium 7782‐49‐2 0.02 0.02 0.0031 0.0031 NA NA NA 0.0031 (i) NA 0.02 NA 0.005 0.02 0.02 0.0031 0.0031

Silver 7440‐22‐4 0.0032 (e, f) 0.0038 (f, j) NA NA 0.0032 (e, f) 0.0038 (f, j) NA NA 0.00098 (k) 0.0011 (k) NA NA 0.0032 0.0038 NA NA

Thallium 7440‐28‐0 NA NA NA NA NA NA NA NA NA 0.054 NA 0.006 NA 0.054 NA 0.006

Vanadium 7440‐62‐2 NA NA NA NA NA NA NA NA NA 0.079 NA 0.027 NA 0.079 NA 0.027

Zinc 7440‐66‐6 0.12 (e, f) 0.12 (f, j) 0.12 (e, f) 0.12 (f, j) 0.12 (e, f) 0.12 (f, j) 0.12 (e, f) 0.12 (f, j) 0.065 (k) 0.067 (k) 0.066 (k) 0.067 (k) 0.12 0.12 0.12 0.12

Notes:

AWQC ‐ Ambient Water Quality Criteria. mg/L ‐ milligrams per liter.

CAS ‐ Chemical Abstracts Service. NA ‐ Not Available.

CCC ‐ Criterion Continuous Concentration. TDEC ‐ Tennessee Department of Environment and Conservation.

CMC ‐ Criterion Maximum Concentration. USEPA ‐ United States Environmental Protection Agency.

(a) ‐ Tennessee Department of Environment and Conservation.  Tennessee Board of Water Quality, Oil and Gas.  General Water Quality Criteria.  Chapter 0400‐40‐03.  

        December 2013.  Revised September 2019.  

        https://publications.tnsosfiles.com/rules/0400/0400‐40/0400‐40‐03.20190911.pdf

(b) ‐ USEPA National Recommended Water Quality Criteria. USEPA Office of Water and Office of Science and Technology.  

       http://www.epa.gov/wqc/national‐recommended‐water‐quality‐criteria‐aquatic‐life‐criteria‐table

(c) ‐ USEPA Region 4.  2018.  Region 4 Ecological Risk Assessment Supplemental Guidance.  March 2018.  

       https://www.epa.gov/sites/production/files/2018‐03/documents/era_regional_supplemental_guidance_report‐march‐2018_update.pdf

(d) ‐ Value applies to inorganic form of arsenic only.

(e) ‐ Criterion expressed as dissolved.

(f) ‐ Criterion expressed as a function of total hardness (mg/L).  Value displayed corresponds to total hardness of 100 mg/L.

(g) ‐ Value for Chromium (III), Insoluble Salts used for Chromium.

(h) ‐ Value for Inorganic Mercury.

(i) ‐ USEPA Office of Water.  Final Criterion: Aquatic Life Ambient Water Quality Criterion for Selenim ‐ Freshwater.  30 June 2016.   

Freshwater value for chronic (30 day) water column concentration (ug/L) of dissolved selenium in lotic (flowing) surface water. 

https://www.epa.gov/sites/production/files/2016‐07/documents/aquatic_life_awqc_for_selenium_‐_freshwater_2016.pdf

(j) ‐ Criterion expressed as total.

(k) ‐ Criterion expressed as a function of total hardness (mg/L).  Value displayed corresponds to total hardness of 50 mg/L.

(l) ‐ For hardness‐dependent metals (beryllium, cadmium, chromium+3, copper, lead, nickel, and zinc), freshwater chronic criteria  are based on soft water with a total hardness of 

        50 mg/L as CaCO3.  Soft water is common within Region 5 and this water ESL may be recalculated when site specific water hardness is less than 50 mg/L.

(m) ‐ Ecological Screening Levels selected using the following hierarchy:

        TDEC Fish and Aquatic Life (Chronic).

        USEPA Aquatic Life Ambient Water Quality Criteria (Chronic).

        USEPA Region 4 Freshwater Chronic Screening Value (Chronic).

        TDEC Fish and Aquatic Life (Acute).

        USEPA Aquatic Life Ambient Water Quality Criteria (Acute).

        USEPA Region 4 Freshwater Acute Screening Value (Acute).

Selected Ecological 

Screening Level 

(chronic) (m)

(mg/L)

Selected Ecological 

Screening Level 

(acute) (m)

(mg/L)

Ecological Published Screening Level ‐ Surface Water

Constituent CAS

USEPA 

AWQC (b)

CMC (acute)

(mg/L)

USEPA  

AWQC (b)

CCC (chronic)

(mg/L)

TDEC  

Fish and Aquatic Life (a)

CMC (acute)

(mg/L)

TDEC 

Fish and Aquatic Life (a)

CCC (chronic) 

(mg/L)

USEPA Region 4 

Freshwater 

Acute Screening Value (c) 

(mg/L)

USEPA Region 4 

Freshwater 

Chronic Screening Value (c) 

(mg/L)
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Table 11

Derivation of Target Groundwater Screening Levels Protective of Surface Water

Gallatin Fossil Plant

Tennessee Valley Authority 

230

Constituent CAS

HH DW SL (a)

(mg/L)

HH REC SL (b)

(mg/L)

ECO SL ‐ 

Dissolved 

(acute) (c)

(mg/L)

ECO SL ‐ Total

(acute) (c)

(mg/L)

ECO SL ‐ 

Dissolved 

(chronic) (c)

(mg/L)

ECO SL ‐ Total

(chronic) (c)

(mg/L)

Lowest of the Human 

Health and Ecological 

Screening Levels

(mg/L)

Target Surface 

Water Screening 

Level (e)

(mg/L)

Target Groundwater 

Screening Level ‐ 

Cumberland River (f)

(mg/L)

Antimony 7440‐36‐0 0.006 0.64 NA 0.9 NA 0.19 0.006 0.006 1.4

Arsenic 7440‐38‐2 0.01 0.01 0.34 0.34 0.15 0.15 0.01 0.01 2.3

Barium 7440‐39‐3 2 NA NA 2 NA 0.22 0.22 0.22 51

Beryllium 7440‐41‐7 0.004 NA NA 0.093 NA 0.011 0.004 0.004 0.92

Boron 7440‐42‐8 4 NA NA 34 NA 7.2 4 4 920

Cadmium 7440‐43‐9 0.005 NA 0.0018 0.0019 0.00072 0.00079 0.00072 0.00072 0.17

Calcium 7440‐70‐2 NA NA NA NA NA 116 116 116 26,680

Chromium 16065‐83‐1 0.1 NA 0.57 1.8 0.074 0.086 0.074 0.074 17

Cobalt 7440‐48‐4 0.006 NA NA 0.12 NA 0.019 0.006 0.006 1.4

Copper 7440‐50‐8 1.3 NA 0.013 0.014 0.009 0.0093 0.009 0.009 2.1

Lead 7439‐92‐1 0.005 NA 0.065 0.082 0.0025 0.0032 0.0025 0.0025 0.58

Lithium 7439‐93‐2 0.04 NA NA 0.91 NA 0.44 0.04 0.04 9.2

Mercury 7487‐94‐7 0.002 0.000051 0.0014 0.0016 0.00077 0.00091 0.000051 0.000051 0.012

Molybdenum 7439‐98‐7 0.1 NA NA 7.2 NA 0.8 0.1 0.1 23

Nickel 7440‐02‐0 0.1 4.6 0.47 0.47 0.052 0.052 0.052 0.052 12

Selenium 7782‐49‐2 0.05 4.2 0.02 0.02 0.0031 0.0031 0.0031 0.0031 0.71

Silver 7440‐22‐4 0.094 NA 0.0032 0.0038 NA NA 0.0032 0.0032 0.74

Thallium 7440‐28‐0 0.002 0.00047 NA 0.054 NA 0.006 0.00047 0.00047 0.11

Vanadium 7440‐62‐2 0.086 NA NA 0.079 NA 0.027 0.027 0.027 6.2

Zinc 7440‐66‐6 6 26 0.12 0.12 0.12 0.12 0.12 0.12 27

Notes:

CAS ‐ Chemical Abstracts Service. NA ‐ Not Available.

ECO SL ‐ Ecological Screening Level. RSL ‐ Risk‐based Screening Levels (USEPA).

HH DW SL ‐ Human Health Drinking Water Screening Level. SMCL ‐ Secondary Maximum Contaminant Level.

HH REC SL ‐ Human Health Recreational Use Screening Level. TDEC ‐ Tennessee Department of Environment and Conservation.

MCL ‐ Maximum Contaminant Level (USEPA). USEPA ‐ United States Environmental Protection Agency.

mg/L ‐ milligram per liter.

(a) ‐ Drinking Water Screening Levels selected in Table 8 using the following hierarchy:

        TDEC Domestic Water Supply.

        USEPA MCL for Drinking Water.

        USEPA Tapwater RSL.

        USEPA SMCL for Drinking Water.

(b) ‐ Recreational Use Screening Levels selected in Table 8 using the following hierarchy:

        TDEC Ambient Water Quality Criteria for Human Health Consumption of Organism Only.

        USEPA Ambient Water Quality Criteria for Human Health Consumption of Organism Only.

(c) ‐ Ecological Screening Levels selected in Table 9 using the following hierarchy:

        TDEC Fish and Aquatic Life (Chronic).

        USEPA Aquatic Life Ambient Water Quality Criteria (Chronic).

        USEPA Region 4 Freshwater Chronic Screening Value (Chronic).

        TDEC Fish and Aquatic Life (Acute).

        USEPA Aquatic Life Ambient Water Quality Criteria (Acute).

        USEPA Region 4 Freshwater Acute Screening Value (Acute).

(d) ‐ Estimated value, see text for derivation. 

(e) ‐ The target surface water screening level is the lower of the HH DW, HH Rec, and Eco SLs.

(f) ‐ The Target Groundwater Screening Level = Minimum SL x Dilution Factor.

Dilution Attenuation Factor ‐ Cumberland River (d)

Haley & Aldrich, Inc.
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Page 1 of 1Table 12

Soil Screening Levels Summary Table

Gallatin Fossil Plant

Tennessee Valley Authority 

Constituent CAS

Background 

Threshold 

Value (a) 

(mg/kg) 

May 2020

USEPA 

Industrial Soil

RSLs (b) 

(mg/kg)

On‐Site

Construction/Utility 

Worker ‐ Other 

Construction 

Activities Calculated 

RBSL (c) (mg/kg)

USEPA DW‐Based 

Soil‐to‐

Groundwater SSL 

DAF = 20 (d) 

(mg/kg)

Site‐Specific Risk‐

Based Soil‐to‐

Groundwater SSL ‐ 

Cumberland River (e)

(mg/kg)

Site‐Specific Risk‐

Based Soil‐to‐

Surface Water SSL 

(f)

(mg/kg)

USEPA Region 4 

Ecological Soil 

Screening Value 

(g) 

(mg/kg)

USEPA Region 4 

Ecological 

Freshwater 

Sediment 

Threshold Effects 

Concentration (h) 

(mg/kg)

USEPA Region 4 

Ecological 

Freshwater 

Sediment Probable 

Effects 

Concentration (h) 

(mg/kg)

Antimony 7440‐36‐0 0.3 470 (p) 135 5.4 1,242 5 0.27 2 25

Arsenic 7440‐38‐2 13 300 (m,o) 98.6 (n,o) 5.8 1,334 6 18 9.8 33

Barium 7440‐39‐3 207 220,000 40,600 1,640 41,492 180 330 20 60

Beryllium 7440‐41‐7 2 2,300 326 64 14,720 64 2.5 NA NA

Boron 7440‐42‐8 8 230,000 58,100 260 59,800 260 7.5 NA NA

Cadmium 7440‐43‐9 0.5 980 86.2 7.6 251 1 0.36 1 5

Calcium 7440‐70‐2 91995 NA NA NA NA NA NA NA NA

Chromium 16065‐83‐1 23 >1,000,000 (q,r) 84,300 (q) > 1,000,000 (q,r) > 1,000,000 (q,r) > 1,000,000 (q,r) 23 43.4 111

Cobalt 7440‐48‐4 17 350 289 5.4 1,242 5 13 50 NA

Copper 7440‐50‐8 23 47,000 3,390 920 1,458 6 28 31.6 149

Lead 7439‐92‐1 30 800 800 (l) 280 10,805 47 11 35.8 128

Lithium 7439‐93‐2 22 2,300 679 240 55,200 240 2 NA NA

Mercury 7487‐94‐7 0.1 350 (j) 610 (j) 2 11.73 0.1 0.013 0.17 0.17

Molybdenum 7439‐98‐7 2 5,800 1,700 40 9,200 40 2 NA NA

Nickel 7440‐02‐0 30 22,000 (k) 2,530 (k) 520 15,949 69 38 22.7 48.6

Selenium 7782‐49‐2 3 5,800 1,690 5.2 74 0.3 0.52 0.72 2.9

Silver 7440‐22‐4 0.04 5,800 1,700 16 126 0.5 4.2 1 2.2

Thallium 7440‐28‐0 0.4 12 (i) 14 (i) 2.8 151 0.7 0.05 NA NA

Vanadium 7440‐62‐2 36 5,800 1,270 1,720 124,200 540 7.8 NA NA

Zinc 7440‐66‐6 103 350,000 102,000 7,400 33,240 145 46 121 459

Notes:

BTV ‐ Background Threshold Value. RBSL ‐ Risk‐ based screening level.

DW ‐ Drinking Water. RSL ‐ Risk‐based Screening Levels (USEPA).

CAS ‐ Chemical Abstracts Service. SSL ‐ Soil Screening Level.

HI ‐ Hazard Index (noncancer child). TR ‐ Target Risk (carcinogenic).

mg/kg ‐ milligram per kilogram. USEPA ‐ United States Environmental Protection Agency.

NA ‐ not available.

(a) ‐ BTVs calculated in Table 2.

(b) ‐ USEPA Regional Screening Levels (May 2020).  Values for industrial soil. Hazard Index = 1.0.  

        https://www.epa.gov/risk/regional‐screening‐levels‐rsls‐generic‐tables

(c) ‐ Site‐specific risk based screening levels (RBSLs) calculated for construction worker exposure to soil ‐ Other Construction Activities

       (see Appendix A) using USEPA exposure factors and equations from the USEPA screening levels calculator. 

https://epa‐prgs.ornl.gov/cgi‐bin/chemicals/csl_search

(d) ‐ USEPA Risk‐Based Screening Levels (May 2020).  Values for  MCL‐based SSL, or where unavailable, USEPA risk‐based SSL (Hazard Index = 1.0.) .

https://www.epa.gov/risk/regional‐screening‐levels‐rsls‐generic‐tables

The default Dilution Attenuation Factor (DAF) used in the USEPA SSLs = 1. Values are adjusted using a DAF of 20, as recommended in USEPA, 2002. 

Supplemental Soil Guidance. https://semspub.epa.gov/work/HQ/175878.pdf

(e) ‐ Soil to groundwater SSLs calculated in Table 7.

(f) ‐ Soil to surface water SSLs calculated in Table 8.

(g) ‐ USEPA Region 4.  2018.  Region 4 Ecological Risk Assessment Supplemental Guidance.  March 2018.  

Table 3 Soil Screening Levels.

       https://www.epa.gov/sites/production/files/2018‐03/documents/era_regional_supplemental_guidance_report‐march‐2018_update.pdf

(h) ‐ USEPA Region 4.  2018.  Region 4 Ecological Risk Assessment Supplemental Guidance.  March 2018.  

Table 2a Region 4 Sediment Ecological Screening Values (ESV) and Refinement Screening Values (RSV). 

       https://www.epa.gov/sites/production/files/2018‐03/documents/era_regional_supplemental_guidance_report‐march‐2018_update.pdf

(i) ‐ RSL for Thallium (Soluble Salts) used for Thallium.

(j) ‐ RSL for Mercuric Chloride used for Mercury.

(k) ‐ RSL for Nickel Soluble Salts used for Nickel.

(l) ‐ USEPA industrial soil RSL value used.

(m) ‐ RSL based on cancer endpoint at 1E‐4 (noncancer based RSL is 480 mg/kg).

(n) ‐ RBSL based on noncancer endpoint (cancer‐based RBSL at 1E‐4 is 9,250 mg/kg).

(o) ‐ Arsenic RSL and RBSL are based on the lower of the values based on a hazard index of 1 and an excess lifetime cancer risk of 1E‐04. 

      Note that of the constituents evaluated, arsenic is the only constituent with an RSL based on potential carcinogenic effects.

(p) ‐ RSL for Antimony (metallic) used for Antimony.

(q) ‐ Value for Chromium (III), Insoluble Salts used for Chromium. 

(r) ‐ Value greater than a million parts per million.
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Groundwater Screening Levels Summary Table

Gallatin Fossil Plant

Tennessee Valley Authority 

Constituent CAS

 USEPA Drinking 

Water Value (a) 

(mg/L)

Target Groundwater 

Screening Level ‐ 

Cumberland River

(b) 

(mg/L)

Antimony 7440‐36‐0 0.006 (c) 1.4

Arsenic 7440‐38‐2 0.01 2.3

Barium 7440‐39‐3 2 51

Beryllium 7440‐41‐7 0.004 0.92

Boron 7440‐42‐8 4 920

Cadmium 7440‐43‐9 0.005 0.17

Calcium 7440‐70‐2 NA 26,680

Chromium 16065‐83‐1 0.1 (d) 17

Cobalt 7440‐48‐4 0.006 1.4

Copper 7440‐50‐8 1.3 2.1

Lead 7439‐92‐1 0.015 0.58

Lithium 7439‐93‐2 0.04 9.2

Mercury 7487‐94‐7 0.002 (e) 0.012

Molybdenum 7439‐98‐7 0.1 23

Nickel 7440‐02‐0 0.39 (f) 12

Selenium 7782‐49‐2 0.05 0.71

Silver 7440‐22‐4 0.094 0.74

Thallium 7440‐28‐0 0.002 (g) 0.11

Vanadium 7440‐62‐2 0.086 6.2

Zinc 7440‐66‐6 6 27

Notes:

CAS ‐ Chemical Abstracts Service.

MCL ‐ Maximum Contaminant Level (USEPA).

mg/L ‐ milligram per liter.

NA ‐ not available.

RSL ‐ Risk‐based Screening Levels (USEPA).

USEPA ‐ United States Environmental Protection Agency.

(a) ‐ USEPA 2018 Edition of the Drinking Water Standards and Health Advisories. Spring 2018. 

https://www.epa.gov/sites/production/files/2018‐03/documents/dwtable2018.pdf

Where USEPA MCLs are unavailable, the USEPA Risk Based Screening Level values for tapwater 

are used (May 2020). Hazard Index = 1.0. https://www.epa.gov/risk/regional‐screening‐levels‐rsls‐generic‐tables

(b) ‐ Target groundwater concentrations for the Cumberland River are calculated in Table 10.

(c) ‐ RSL for Antimony (metallic) used for Antimony.

(d) ‐ RSL for Chromium (III), Insoluble Salts used for Chromium. 

(e) ‐ MCL for Inorganic Mercury used for Mercury.

(f) ‐ RSL for Nickel Soluble Salts used for Nickel.

(g) ‐ RSL for Thallium (Soluble Salts) used for Thallium.
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Table 14

Surface Water Screening Levels Summary Table

Gallatin Fossil Plant

Tennessee Valley Authority 

Constituent CAS

HH DW SL 

(a)

(mg/L)

HH REC SL (b)

(mg/L)

ECO SL ‐ 

Dissolved 

(acute) (c)

(mg/L)

ECO SL ‐ Total

(acute) (c)

(mg/L)

ECO SL ‐ 

Dissolved 

(chronic) (c)

(mg/L)

ECO SL ‐ Total

(chronic) (c)

(mg/L)

Lowest of the Human 

Health and Ecological 

Screening Levels

(mg/L)

Antimony 7440‐36‐0 0.006 0.64 NA 0.9 NA 0.19 0.006

Arsenic 7440‐38‐2 0.01 0.01 0.34 0.34 0.15 0.15 0.01

Barium 7440‐39‐3 2 NA NA 2 NA 0.22 0.22

Beryllium 7440‐41‐7 0.004 NA NA 0.093 NA 0.011 0.004

Boron 7440‐42‐8 4 NA NA 34 NA 7.2 4

Cadmium 7440‐43‐9 0.005 NA 0.0018 0.0019 0.00072 0.00079 0.00072

Calcium 7440‐70‐2 NA NA NA NA NA 116 116

Chromium 16065‐83‐1 0.1 NA 0.57 1.8 0.074 0.086 0.07

Cobalt 7440‐48‐4 0.006 NA NA 0.12 NA 0.019 0.006

Copper 7440‐50‐8 1.3 NA 0.013 0.014 0.009 0.0093 0.01

Lead 7439‐92‐1 0.005 NA 0.065 0.082 0.0025 0.0032 0.003

Lithium 7439‐93‐2 0.04 NA NA 0.91 NA 0.44 0.04

Mercury 7487‐94‐7 0.002 0.000051 0.0014 0.0016 0.00077 0.00091 0.000051

Molybdenum 7439‐98‐7 0.1 NA NA 7.2 NA 0.8 0.1

Nickel 7440‐02‐0 0.1 4.6 0.47 0.47 0.052 0.052 0.052

Selenium 7782‐49‐2 0.05 4.2 0.02 0.02 0.0031 0.0031 0.0031

Silver 7440‐22‐4 0.094 NA 0.0032 0.0038 NA NA 0.0032

Thallium 7440‐28‐0 0.002 0.00047 NA 0.054 NA 0.006 0.00047

Vanadium 7440‐62‐2 0.086 NA NA 0.079 NA 0.027 0.027

Zinc 7440‐66‐6 6 26 0.12 0.12 0.12 0.12 0.12

Notes:

CAS ‐ Chemical Abstracts Service. NA ‐ Not Available.

ECO SL ‐ Ecological Screening Level. RSL ‐ Risk‐based Screening Levels (USEPA).

HH DW SL ‐ Human Health Drinking Water Screening Level. SMCL ‐ Secondary Maximum Contaminant Level.

HH REC SL ‐ Human Health Recreational Use Screening Level. TDEC ‐ Tennessee Department of Environment and Conservation.

MCL ‐ Maximum Contaminant Level (USEPA). USEPA ‐ United States Environmental Protection Agency.

mg/L ‐ milligram per liter.

(a) ‐ Drinking Water Screening Levels selected in Table 8 using the following hierarchy:

        TDEC Domestic Water Supply.

        USEPA MCL for Drinking Water.

        USEPA Tapwater RSL.

        USEPA SMCL for Drinking Water.

(b) ‐ Recreational Use Screening Levels selected in Table 8 following the using hierarchy:

        TDEC Ambient Water Quality Criteria for Human Health Consumption of Organism Only.

        USEPA Ambient Water Quality Criteria for Human Health Consumption of Organism Only.

(c) ‐ Ecological Screening Levels selected in Table 9 using the following hierarchy:

        TDEC Fish and Aquatic Life (Chronic).

        USEPA Aquatic Life Ambient Water Quality Criteria (Chronic).

        USEPA Region 4 Freshwater Chronic Screening Value (Chronic).

        TDEC Fish and Aquatic Life (Acute).

        USEPA Aquatic Life Ambient Water Quality Criteria (Acute).

        USEPA Region 4 Freshwater Acute Screening Value (Acute).
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Ash Pond 
Complex 

Post Excavation 
Native Soil

Groundwater

Post Excavation 
Native Soil (a)

Surface Water 
(Cumberland 

River)

Fish Tissue

Groundwater (c)

Migration to 
Surface Water 
(Cumberland 

River) 

Incidental 
Ingestion

Dermal Contact

Drinking Water 
Use (b)

Incidental 
Ingestion

Ingestion

Drinking Water 
Use

Dermal Contact

Incidental 
Ingestion

Potential 
Exposure Route

Current/Future 
Off‐Site Resident
Adult/Child (d)

Current/Future 
Off‐Site 

Recreational User

Future On‐Site 
Commercial/

Industrial Worker

Future On‐Site 
Construction 

Worker

Aquatic and 
Terrestrial



 

     

   

      NA

      NA

  NA

     

Primary Sources
Primary Release 
Mechanisms

Secondary 
Sources

Secondary 
Release 

Mechanisms

Potential 
Exposure Media

Potential Human Health Receptors



 

Pathway potentially complete if constituents of potential concern (COPCs) are identified in relevant media.

Pathway evaluated and found incomplete/insignificant.

(a) The Ash Pond Complex will be closed by removal of the CCR material. After CCR material is excavated, up to an additional one (1) foot of 
underlying native soils may be removed, however, it is anticipated that bedrock will be exposed at some locations.  Native soil remaining 
after the excavation is completed may contain residual levels of CCR‐derived constituents.  

(b) The Cumberland River is a source of drinking water; the nearest downstream utility that uses the Cumberland River as the source of raw 
water for treatment for use as potable water is approximately one mile downstream . 

(c) On‐site groundwater is not used as drinking water or for any other purposes.  There are water supply wells within a 1‐mile radius of the 
facility, see text for discussion of these wells. Based on the presence of these wells, the groundwater pathway is designated as potentially 
complete for current and future use of groundwater as drinking water.

(d) A terrestrial ecological soil evaluation will be included if the selected method of restoration includes a ponded area, as in that scenario 
there is an exposure pathway for terrestrial receptors. If the post‐excavation area is backfilled with clean fill as the selected method of 
restoration, post‐excavation soil would not be accessible to terrestrial receptors. Evaluation of the potential ecological soil pathway is 
generally considered to be protective of surface water.

Infiltration/
Leaching

Runoff/Flooding

Infiltration/
Leaching

Aquatic Exposure NA NA

 

 

 

FIGURE 3
CONCEPTUAL SITE MODEL
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Evaluation of 
Post‐Excavation Soil Results 

(by constituent)

Tier 2 Soil to Groundwater 
Pathway

Tier 1 Direct Contact 
Pathway

Compare to BTVs
Table 2

Below BTV
No further 

evaluation for that 
constituent

Compare to BTVs
Table 2

Below BTV

Above BTV

Compare to 
Industrial Soil RSLs  

Table 3

Figure 6
Evaluation of Post‐Excavation Soil Results Flowchart
Gallatin Fossil Plant
Tennessee Valley Authority

Above BTV

Compare 
to EPA DW‐Based 

SSL for GW DAF = 20 
Table 6

Below SSL

No further 
evaluation for that 

constituent

Above RSL

Compare to 
Construction/Utility 

Worker RBSLs
Table 3

Above RBSL

Consider location of 
sample within the context of 
the final closure design ‐ 

consult with TDEC

Above SSL

Below SW SSL

Below RBSL 

Is the drinking water 
pathway complete?

No

Compare 
to Site‐Specific SSL ‐ 
Soil‐to‐GW‐to‐SW 

Table 7

Above SW SSL

Consider results in the 
context of appropriate MW 

data, and SW data if 
available – 

consult with TDEC

Yes

Notes:  
*Human Health and Ecological 
BTV – Background Threshold Value. RSL – Regional Screening Level.
DAF  ‐ Dilution Attenuation Factor. SL – Screening Level.
EPA – Environmental Protection Agency. SSL – Soil Screening Level
GW – Groundwater. SW – Surface Water.
RBSL – Risk‐Based Screening Level. TDEC – Tennessee Department of Environment & Conservation.

Compare to 
Ecological Sediment 

and Soil SLs 
Table 5

Above BTV

Compare Area‐Wide 
Average Concentration to 

Ecological Sediment and Soil 
SLs ‐ Table 5

Above Eco SL

     Below Eco SL
No further 

evaluation for that 
constituent

Consider further 
evaluation – 

consult with TDEC

Below RSL

Above Eco SL

Below Eco SL

Tier 3 Soil to Surface Water 
Pathway 

(Ponded Restoration 
Scenario)

Compare to BTVs
Table 2

Compare 
to Site‐Specific Risk‐
Based Soil‐to‐SW SSL*

Table 8

Below SSL

Consider results in the 
context of appropriate SW 

data if available – 
consult with TDEC

Above SSL

Above BTV

Below BTV

For Ponded 
Restoration Option 

Only



Identify relevant monitoring 
wells for the evaluation

Figure 7
Evaluation of Post‐Excavation Groundwater Results Flowchart for Potential Impact on the Cumberland River
Gallatin Fossil Plant
Tennessee Valley Authority

Consider results in the 
context of appropriate river 

sampling results  – 
consult with TDEC

Notes:
DAF  ‐ Dilution Attenuation Factor. HH – Human Health.
DW‐  Drinking Water. SL – Screening Level
Eco – Ecological. . SW – Surface Water.
GW – Groundwater. TDEC – Tennessee Department of Environment & Conservation.

Compare 
all GW concentrations to 

Eco SW SLs – 
Table 10

Above SLs

Compare 
all GW concentrations to 
HH DW and Recreational 

SW SLs – Table 9

Compare 
all GW concentrations to 

DW‐Based SLs – 
Table 9

No further evaluation

Tier 4 Development and 
Application of a GW‐to SW 
DAF – apply SW‐DAF to HH 
and Eco SLs – Table 11

Above SLs

Above DW SLs

Compare 
all GW concentrations to 

Target GW Screening Levels 
‐ Table 11

Above SLs

No further evaluation, 
GW not having impact on 
the Cumberland River

Below 
SLs

Tier 3 Comparison of 
Groundwater to Ecological 
Surface Water Screening 

Levels 

Tier 2 Comparison of 
Groundwater to HH DW and 
Recreational Surface Water 

Screening Levels 

Tier 1 Comparison of 
Groundwater to Drinking‐
Water Based Screening 

Levels

Below 
SLs

Below 
 DW SLs

Below SLs

No further evaluation, 
GW not having impact on 
the Cumberland River

If DW pathway is 
complete, conduct further 
evaluation of that pathway – 

consult with TDEC



APPENDIX A 

USEPA RSL Calculator Output 



Variable

Construction Worker
Soil - Other

Default
Value

Form-input
Value

Ac-doz (areal extent of dozing) acres 0 0.5
Aexcav (area of excavation site) m2

0 2023.42821
Ac-grade (areal extent of grading) acres 0 0.5

A (PEF Dispersion Constant) 2.4538 2.4538
Asurf (areal extent of site) m2

2023.43 2023.43
Atill (areal extent of tilling) acres 0 0.5
Bl-doz (dozing blade length) m 0 2.44
Bl-grade (grading blade length) m 0 2.44

B (PEF Dispersion Constant) 17.566 17.566

C (PEF Dispersion Constant) 189.0426 189.0426
dexcav (average depth of excavation site) m 0 1
FD Unitless Dispersion Correction Factor 0.185837208 0.187853235
F(x) (function dependant on Um/Ut derived using Cowherd et al. (1985)) 0.194 0.194
Mm-doz (Gravimetric soil moisture content) % 7.9 7.9
Mm-excav (Gravimetric soil moisture content) % 12 12
Mwind (dust emitted by wind erosion) g 51288.84717 51288.84717
NA-doz (number of times site was dozed) 0 2
NA-dump (number of times soil is dumped) 2 2
NA-grade (number of times site was graded) 0 2
NA-till (number of times soil is tilled) 2 2
Q/Csa (inverse of the ratio of the geometric mean air concentration to the emission flux at the center of a square source) g/m2-s per kg/m3

14.31407 14.31407
ρsoil (density) g/cm3 - chemical-specific 1.68 1.68
sdoz (soil silt content) % 6.9 6.9
AFcw (skin adherence factor - construction worker) mg/cm2

0.3 0.3
ATcw (averaging time - construction worker) days 365 84
BWcw (body weight - construction worker) kg 80 80
EDcw (exposure duration - construction worker) yr 1 1
EFcw (exposure frequency - construction worker) day/y 250 60
ETcw (exposure time - construction worker) hr/day 8 8

THQ (target hazard quotient) unitless 0.1 1
IRScw (soil ingestion rate - construction worker) mg/day 330 330

LT (lifetime) yr 70 70
SAcw (surface area - construction worker) cm2/day 3527 3527

TR (target cancer risk) unitless 0.000001 0.000001
Sdoz (dozing speed) kph 11.4 11.4
Sgrade (grading speed) kph 11.4 11.4
still (soil silt content) % 18 18
tc (overall duration of construction) hours 8400 2016
Tc (overall duration of construction) s 30240000 7257600

T (time over which traffic occurs) s 7200000 1728000
Tt (overall duration of traffic) s 7200000 1728000
Um (mean annual wind speed) m/s 4.69 4.69
Ut (equivalent threshold value) m/s 11.32 11.32

V (fraction of vegetative cover) 0 0

Site-specific

Construction Worker Equation Inputs for Soil - Other Construction Activities
* Inputted values different from Construction Worker defaults are highlighted.

Output generated   12MAY2020:10:00:42



Site-specific
Construction Worker Regional Screening Levels (RSL) for Soil - Other Construction Activities
Key: I = IRIS; P = PPRTV; O = OPP; A = ATSDR; C = Cal EPA; X = PPRTV Screening Level; H = HEAST; D = DWSHA; W = TEF applied; E = RPF applied; G = see user's guide; U = user provide
ca = cancer; nc = noncancer; * = where: nc SL < 100X ca SL; ** = where nc SL < 10X ca SL; SSL values are based on DAF=1; max = ceiling limit exceeded; sat = Csat exceeded.

Chemical
CAS

Number Mutagen? Volatile?

Sfo
(mg/kg-

day)-1
SFo

Ref

IUR

(ug/m3)-1

IU
R

Ref

RfD
(mg/kg-

day)
RfD
Ref

RfC

(mg/m3)
RfC
Ref GIABS ABS RBA

Soil
Saturation

Concentratio
n

(mg/kg)
S

(mg/L)

Koc 

(cm3/g)

Kd 

(cm3/g)

HLC
(atm-

m3/mole)

Henry's
Law

Constant
Used in
Calcs

(unitless
)

H` and 
HLC
Ref

Antimony (metallic) 7440-36-0 No No - - 4.00E-04

P
/Subchroni

c 1.00E-03

A
/Subchroni

c 1.50E-01 - 1.00E+00 - - - 4.50E+01 - -

Arsenic, Inorganic 7440-38-2 No No 1.50E+00 I 4.30E-03 I 3.00E-04 I /Chronic 1.50E-05 C /Chronic 1.00E+00 3.00E-02 6.00E-01 - - - 2.90E+01 - -

Barium 7440-39-3 No No - - 2.00E-01

A
/Subchroni

c 5.00E-03

H
/Subchroni

c 7.00E-02 - 1.00E+00 - - - 4.10E+01 - -

Beryllium and compounds 7440-41-7 No No - 2.40E-03 I 5.00E-03

H
/Subchroni

c 2.00E-05 I /Chronic 7.00E-03 - 1.00E+00 - - - 7.90E+02 - -

Boron And Borates Only 7440-42-8 No No - - 2.00E-01

A
/Subchroni

c 2.00E-02

H
/Subchroni

c 1.00E+00 - 1.00E+00 - - - 3.00E+00 - -

Cadmium (Diet) 7440-43-9 No No - 1.80E-03 I 5.00E-04

A
/Subchroni

c 1.00E-05 A /Chronic 2.50E-02 1.00E-03 1.00E+00 - - - 7.50E+01 - -

Chromium(III), Insoluble Salts 16065-83-1 No No - - 1.50E+00

H
/Subchroni

c 5.00E-03

A
/Subchroni

c 1.30E-02 - 1.00E+00 - - - 1.80E+06 - -

Cobalt 7440-48-4 No No - 9.00E-03 P 3.00E-03

P
/Subchroni

c 2.00E-05

P
/Subchroni

c 1.00E+00 - 1.00E+00 - - - 4.50E+01 - -

Copper 7440-50-8 No No - - 1.00E-02

A
/Subchroni

c - 1.00E+00 - 1.00E+00 - - - 3.50E+01 - -

Lithium 7439-93-2 No No - - 2.00E-03

P
/Subchroni

c - 1.00E+00 - 1.00E+00 - - - 3.00E+02 - -

Mercuric Chloride 7487-94-7 No No - - 2.00E-03

A
/Subchroni

c 3.00E-04 G /Chronic 7.00E-02 - 1.00E+00 - 6.90E+04 - - - -

Molybdenum 7439-98-7 No No - - 5.00E-03

H
/Subchroni

c - 1.00E+00 - 1.00E+00 - - - 2.00E+01 - -

Nickel Soluble Salts 7440-02-0 No No 9.10E-01 C 2.60E-04 C 2.00E-02

H
/Subchroni

c 2.00E-04

A
/Subchroni

c 4.00E-02 - 1.00E+00 - - - 6.50E+01 - -

Selenium 7782-49-2 No No - - 5.00E-03

H
/Subchroni

c 2.00E-02 C /Chronic 1.00E+00 - 1.00E+00 - - - 5.00E+00 - -

Silver 7440-22-4 No No - - 5.00E-03

H
/Subchroni

c - 4.00E-02 - 1.00E+00 - - - 8.30E+00 - -

Thallium (Soluble Salts) 7440-28-0 No No - - 4.00E-05

X
/Subchroni

c - 1.00E+00 - 1.00E+00 - - - 7.10E+01 - -

Vanadium and Compounds 7440-62-2 No No - - 1.00E-02

A
/Subchroni

c 1.00E-04 A /Chronic 2.60E-02 - 1.00E+00 - - - 1.00E+03 - -

Zinc and Compounds 7440-66-6 No No - - 3.00E-01

A
/Subchroni

c - 1.00E+00 - 1.00E+00 - - - 6.20E+01 - -

Output generated   12MAY2020:10:00:42



Site-specific
Construction Worker Regional Screening Levels (RSL) for Soil - Other Construction Activities
Key: I = IRIS; P = PPRTV; O = OPP; A = ATSDR; C = Cal EPA; X = PPRTV Screening Level; H = HEAST; D = DWSHA; W = TEF applied; E = RPF applied; G = see user's guide; U = user provided; 
ca = cancer; nc = noncancer; * = where: nc SL < 100X ca SL; ** = where nc SL < 10X ca SL; SSL values are based on DAF=1; max = ceiling limit exceeded; sat = Csat exceeded.

Chemical

Normal
Boiling
Point

BP 
(K)

BP
Ref

Critical
Temperatur

e
TC 
(K)

TC 
Ref

Chemical 
Type

Dia 

(cm2/s)

Diw 

(cm2/s)

DA 

(cm2/s)

Particula
te

Emissio
n

Factor

(m3/kg)

Volatiliz
ation

Factor

(m3/kg)

Ingestio
n

SL
TR=1E-

06
(mg/kg)

Dermal
SL

TR=1E-
06

(mg/kg)

Inhalatio
n

SL
TR=1E-

06
(mg/kg)

Carcinog
enic
SL

TR=1E-
06

(mg/kg)

Ingestio
n

SL
THQ=1
(mg/kg)

Dermal
SL

THQ=1
(mg/kg)

Inhalatio
n

SL
THQ=1
(mg/kg)

Noncarci
nogenic

SL
THI=1

(mg/kg)

Screening
Level

(mg/kg)

Antimony (metallic) 1.91E+03 PHYSPROP 5.07E+03 YAWS INORGANIC - - - 4.81E+06 - - - - - 1.36E+02 - 2.02E+04 1.35E+02
1.35E+02
nc

Arsenic, Inorganic 8.88E+02 PHYSPROP 1.67E+03 CRC89 INORGANIC - - - 4.81E+06 - 1.15E+02 7.15E+02 1.43E+03 9.25E+01 1.70E+02 1.06E+03 3.03E+02 9.86E+01
9.25E+01
ca**

Barium 1.87E+03 PHYSPROP 3.57E+03 YAWS INORGANIC - - - 4.81E+06 - - - - - 6.79E+04 - 1.01E+05 4.06E+04
4.06E+04
nc

Beryllium and compounds 3.04E+03 PERRY 5.21E+03 CRC89 INORGANIC - - - 4.81E+06 - - - 2.56E+03 2.56E+03 1.70E+03 - 4.04E+02 3.26E+02
3.26E+02
nc

Boron And Borates Only 4.27E+03 CRC89 7.93E+03 YAWS INORGANIC - - - 4.81E+06 - - - - - 6.79E+04 - 4.04E+05 5.81E+04
5.81E+04
nc

Cadmium (Diet) 1.04E+03 PHYSPROP 2.29E+03 YAWS INORGANIC - - - 4.81E+06 - - - 3.41E+03 3.41E+03 1.70E+02 1.32E+03 2.02E+02 8.62E+01
8.62E+01
nc

Chromium(III), Insoluble Salts - - INORGANIC - - - 4.81E+06 - - - - - 5.09E+05 - 1.01E+05 8.43E+04
8.43E+04
nc

Cobalt 3.20E+03 CRC89 7.40E+03 YAWS INORGANIC - - - 4.81E+06 - - - 6.82E+02 6.82E+02 1.02E+03 - 4.04E+02 2.89E+02
2.89E+02
nc

Copper 2.87E+03 PHYSPROP 5.12E+03 YAWS INORGANIC - - - 4.81E+06 - - - - - 3.39E+03 - - 3.39E+03
3.39E+03
nc

Lithium 1.61E+03 PERRY 3.22E+03 CRC89 INORGANIC - - - 4.81E+06 - - - - - 6.79E+02 - - 6.79E+02
6.79E+02
nc

Mercuric Chloride 5.77E+02 CRC89 9.73E+02 CRC89 INORGANIC - - - 4.81E+06 - - - - - 6.79E+02 - 6.06E+03 6.10E+02
6.10E+02
nc

Molybdenum 4.91E+03 PHYSPROP 9.62E+03 YAWS INORGANIC - - - 4.81E+06 - - - - - 1.70E+03 - - 1.70E+03
1.70E+03
nc

Nickel Soluble Salts 3.19E+03 CRC89 6.99E+03 YAWS INORGANIC - - - 4.81E+06 - 1.13E+02 - 2.36E+04 1.13E+02 6.79E+03 - 4.04E+03 2.53E+03
1.13E+02
ca*

Selenium 9.58E+02 PHYSPROP 1.77E+03 CRC89 INORGANIC - - - 4.81E+06 - - - - - 1.70E+03 - 4.04E+05 1.69E+03
1.69E+03
nc

Silver 2.27E+03 PHYSPROP 6.41E+03 CRC89 INORGANIC - - - 4.81E+06 - - - - - 1.70E+03 - - 1.70E+03
1.70E+03
nc

Thallium (Soluble Salts) 1.73E+03 PHYSPROP 4.65E+03 YAWS INORGANIC - - - 4.81E+06 - - - - - 1.36E+01 - - 1.36E+01
1.36E+01
nc

Vanadium and Compounds 3.68E+03 CRC89 1.13E+04 YAWS INORGANIC - - - 4.81E+06 - - - - - 3.39E+03 - 2.02E+03 1.27E+03
1.27E+03
nc

Zinc and Compounds 1.18E+03 PHYSPROP 3.17E+03 YAWS INORGANIC - - - 4.81E+06 - - - - - 1.02E+05 - - 1.02E+05
1.02E+05
max

Output generated   12MAY2020:10:00:42
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5% A-D Critical Value       0.753 Data Not Gamma Distributed at 5% Significance Level

Gamma GOF Tests on Detected Observations Only

A-D Test Statistic       0.777 Anderson-Darling GOF Test

99% Percentile (z)       0.335 95% USL       0.382

DL/2 is not a recommended method. DL/2 provided for comparisons and historical reasons

95% UTL95% Coverage       0.315 95% UPL (t)       0.283

90% Percentile (z)       0.249 95% Percentile (z)       0.279

DL/2 Substitution Background Statistics Assuming Normal Distribution

Mean       0.144 SD      0.0819

99% KM Percentile (z)       0.329 95% KM USL       0.374

95% UTL95% Coverage       0.31 95% KM UPL (t)       0.279

90% KM Percentile (z)       0.246 95% KM Percentile (z)       0.275

Kaplan Meier (KM) Background Statistics Assuming Normal Distribution

KM Mean       0.145 KM SD      0.0787

5% Lilliefors Critical Value       0.139 Detected Data appear Normal at 5% Significance Level

Detected Data appear Normal at 5% Significance Level

5% Shapiro Wilk Critical Value       0.94 Detected Data appear Normal at 5% Significance Level

Lilliefors Test Statistic       0.111 Lilliefors GOF Test

Normal GOF Test on Detects Only

Shapiro Wilk Test Statistic       0.955 Shapiro Wilk GOF Test

Critical Values for Background Threshold Values (BTVs)

Tolerance Factor K (For UTL)       2.091 d2max (for USL)       2.906

Mean of Detected Logged Data     -1.996 SD of Detected Logged Data       0.579

Variance Detected     0.00562 Percent Non-Detects       9.091%

Mean Detected       0.157 SD Detected      0.075

Minimum Detect      0.04 Minimum Non-Detect      0.0351

Maximum Detect       0.33 Maximum Non-Detect      0.0402

Number of Detects      40 Number of Non-Detects       4

Number of Distinct Detects      38 Number of Distinct Non-Detects       4

Total Number of Observations      44 Number of Missing Observations       0

Number of Distinct Observations      42

Antimony

General Statistics

Coverage   95%

Different or Future K Observations   1

Number of Bootstrap Operations   2000

From File   2020-0512_HAI-Bkg Soil ProUCL Input_c.xls

Full Precision   OFF

Confidence Coefficient   95%

Background Statistics for Data Sets with Non-Detects

User Selected Options

Date/Time of Computation   ProUCL 5.15/12/2020 3:06:40 PM
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Lognormal GOF Test on Detected Observations Only

Shapiro Wilk Test Statistic       0.913 Shapiro Wilk GOF Test

      0.33

95% KM Gamma Percentile       0.312       0.321 95% Gamma USL       0.533       0.579

95% Approx. Gamma UTL with 95% Coverage       0.382       0.4 95% Approx. Gamma UPL       0.32

The following statistics are computed using gamma distribution and KM estimates

Upper Limits using Wilson Hilferty (WH) and Hawkins Wixley (HW) Methods

     WH     HW      WH     HW

80% gamma percentile (KM)       0.206 90% gamma percentile (KM)       0.255

95% gamma percentile (KM)       0.3 99% gamma percentile (KM)       0.398

nu hat (KM)    300.7 nu star (KM)    281.5

theta hat (KM)      0.0426 theta star (KM)      0.0455

Variance (KM)     0.0062 SE of Mean (KM)      0.012

k hat (KM)       3.417 k star (KM)       3.199

Estimates of Gamma Parameters using KM Estimates

Mean (KM)       0.145 SD (KM)      0.0787

      0.332

95% Gamma USL       0.538       0.584

95% Approx. Gamma UTL with 95% Coverage       0.384       0.402 95% Approx. Gamma UPL       0.322

The following statistics are computed using Gamma ROS Statistics on Imputed Data

Upper Limits using Wilson Hilferty (WH) and Hawkins Wixley (HW) Methods

     WH     HW      WH     HW

95% Percentile of Chisquare (2kstar)      11.49 90% Percentile       0.266

95% Percentile       0.317 99% Percentile       0.43

nu hat (MLE)    247.6 nu star (bias corrected)    232

MLE Mean (bias corrected)       0.146 MLE Sd (bias corrected)      0.0897

k hat (MLE)       2.813 k star (bias corrected MLE)       2.637

Theta hat (MLE)      0.0518 Theta star (bias corrected MLE)      0.0552

Maximum       0.33 Median       0.148

SD      0.0795 CV       0.546

This is especially true when the sample size is small.

For gamma distributed detected data, BTVs and UCLs may be computed using gamma distribution on KM estimates

Minimum      0.0354 Mean       0.146

Gamma ROS Statistics using Imputed Non-Detects

GROS may not be used when data set has > 50% NDs with many tied observations at multiple DLs

GROS may not be used when kstar of detects is small such as <1.0, especially when the sample size is small (e.g., <15-20)

For such situations, GROS method may yield incorrect values of UCLs and BTVs

MLE Mean (bias corrected)       0.157

MLE Sd (bias corrected)      0.0844 95% Percentile of Chisquare (2kstar)      13.89

Theta hat (MLE)      0.0423 Theta star (bias corrected MLE)      0.0455

nu hat (MLE)    296.1 nu star (bias corrected)    275.2

Gamma Statistics on Detected Data Only

k hat (MLE)       3.701 k star (bias corrected MLE)       3.44

5% K-S Critical Value       0.14 Data Not Gamma Distributed at 5% Significance Level

Data Not Gamma Distributed at 5% Significance Level

K-S Test Statistic       0.14 Kolmogorov-Smirnov GOF
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Maximum      13.7 Third Quartile       6.983

Mean       5.593 SD       2.818

Minimum       1.61 First Quartile       3.378

Second Largest      12.8 Median       4.95

Arsenic

General Statistics

Total Number of Observations      44 Number of Distinct Observations      42

Note: The use of USL tends to yield a conservative estimate of BTV, especially when the sample size starts exceeding 20.

Therefore, one may use USL to estimate a BTV only when the data set represents a background data set  free of outliers 

and consists of observations collected from clean unimpacted locations.

The use of USL tends to provide a balance between false positives and false negatives provided the data

represents a background data set and when many onsite observations need to be compared with the BTV.

95% USL       0.33 95% KM Chebyshev UPL       0.492

Approx, f used to compute achieved CC       2.316 Approximate Actual Confidence Coefficient achieved by UTL       0.895

Approximate Sample Size needed to achieve specified CC      59 95% UPL       0.281

Nonparametric Upper Limits for BTVs(no distinction made between detects and nondetects)

Order of Statistic, r      44 95% UTL with95% Coverage       0.33

DL/2 is not a Recommended Method. DL/2 provided for comparisons and historical reasons.

Nonparametric Distribution Free Background Statistics

Data appear to follow a Discernible Distribution at 5% Significance Level

90% Percentile (z)       0.316 95% Percentile (z)       0.423

99% Percentile (z)       0.73 95% USL       1.162

SD in Original Scale      0.0819 SD in Log Scale       0.801

95% UTL95% Coverage       0.605 95% UPL (t)       0.442

Background DL/2 Statistics Assuming Lognormal Distribution

Mean in Original Scale       0.144 Mean in Log Scale     -2.177

KM SD of Logged Data       0.668 95% KM UPL (Lognormal)       0.375

95% KM Percentile Lognormal (z)       0.361 95% KM USL (Lognormal)       0.839

Statistics using KM estimates on Logged Data and Assuming Lognormal Distribution

KM Mean of Logged Data     -2.118 95% KM UTL (Lognormal)95% Coverage       0.486

99% Percentile (z)       0.564 95% USL       0.827

95% Bootstrap (%) UTL95% Coverage       0.324 95% UPL (t)       0.373

90% Percentile (z)       0.283 95% Percentile (z)       0.359

SD in Original Scale      0.0792 SD in Log Scale       0.66

95% UTL95% Coverage       0.483 95% BCA UTL95% Coverage       0.319

Background Lognormal ROS Statistics Assuming Lognormal Distribution Using Imputed Non-Detects

Mean in Original Scale       0.146 Mean in Log Scale     -2.109

5% Lilliefors Critical Value       0.139 Data Not Lognormal at 5% Significance Level

Data Not Lognormal at 5% Significance Level

5% Shapiro Wilk Critical Value       0.94 Data Not Lognormal at 5% Significance Level

Lilliefors Test Statistic       0.165 Lilliefors GOF Test
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   95% UPL (t)      11.75 95% Percentile (z)      11.43

   95% USL      21.71 99% Percentile (z)      16.16

Background Statistics assuming Lognormal Distribution

   95% UTL with   95% Coverage      14.34 90% Percentile (z)       9.5

5% Lilliefors Critical Value       0.132 Data appear Lognormal at 5% Significance Level

Data appear Lognormal at 5% Significance Level

5% Shapiro Wilk Critical Value       0.944 Data appear Lognormal at 5% Significance Level

Lilliefors Test Statistic      0.0519 Lilliefors Lognormal GOF Test

Lognormal GOF Test

Shapiro Wilk Test Statistic       0.981 Shapiro Wilk Lognormal GOF Test

   95% HW Approx. Gamma UTL with   95% Coverage      13.03

   95% WH USL      17    95% HW USL      17.82

   95% Hawkins Wixley (HW) Approx. Gamma UPL      11.11 95% Percentile      10.86

   95% WH Approx. Gamma UTL with   95% Coverage      12.73 99% Percentile      14.07

Background Statistics Assuming Gamma Distribution

   95% Wilson Hilferty (WH) Approx. Gamma UPL      10.96 90% Percentile       9.352

MLE Mean (bias corrected)       5.593 MLE Sd (bias corrected)       2.804

Theta hat (MLE)       1.315 Theta star (bias corrected MLE)       1.406

nu hat (MLE)    374.4 nu star (bias corrected)    350.2

Gamma Statistics

k hat (MLE)       4.254 k star (bias corrected MLE)       3.979

5% K-S Critical Value       0.134 Detected data appear Gamma Distributed at 5% Significance Level

Detected data appear Gamma Distributed at 5% Significance Level

5% A-D Critical Value       0.753 Detected data appear Gamma Distributed at 5% Significance Level

K-S Test Statistic      0.0752 Kolmogorov-Smirnov Gamma GOF Test

Gamma GOF Test

A-D Test Statistic       0.177 Anderson-Darling Gamma GOF Test

   95% UPL (t)      10.38 95% Percentile (z)      10.23

   95% USL      13.78 99% Percentile (z)      12.15

Background Statistics Assuming Normal Distribution

   95% UTL with   95% Coverage      11.49 90% Percentile (z)       9.205

5% Lilliefors Critical Value       0.132 Data Not Normal at 5% Significance Level

Data Not Normal at 5% Significance Level

5% Shapiro Wilk Critical Value       0.944 Data Not Normal at 5% Significance Level

Lilliefors Test Statistic       0.14 Lilliefors GOF Test

Normal GOF Test

Shapiro Wilk Test Statistic       0.924 Shapiro Wilk GOF Test

Critical Values for Background Threshold Values (BTVs)

Tolerance Factor K (For UTL)       2.091 d2max (for USL)       2.906

Coefficient of Variation       0.504 Skewness       1.015

Mean of logged Data       1.599 SD of logged Data       0.509
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5% A-D Critical Value       0.757 Detected data appear Gamma Distributed at 5% Significance Level

Gamma GOF Test

A-D Test Statistic       0.384 Anderson-Darling Gamma GOF Test

   95% UPL (t)    184.9 95% Percentile (z)    181.9

   95% USL    251.4 99% Percentile (z)    219.4

Background Statistics Assuming Normal Distribution

   95% UTL with   95% Coverage    206.5 90% Percentile (z)    161.9

5% Lilliefors Critical Value       0.132 Data appear Normal at 5% Significance Level

Data appear Approximate Normal at 5% Significance Level

5% Shapiro Wilk Critical Value       0.944 Data Not Normal at 5% Significance Level

Lilliefors Test Statistic       0.131 Lilliefors GOF Test

Normal GOF Test

Shapiro Wilk Test Statistic       0.921 Shapiro Wilk GOF Test

Critical Values for Background Threshold Values (BTVs)

Tolerance Factor K (For UTL)       2.091 d2max (for USL)       2.906

Mean of logged Data       4.314 SD of logged Data       0.671

Mean      91.22 SD      55.12

Coefficient of Variation       0.604 Skewness       0.808

Second Largest    230 Median      86.2

Maximum    231 Third Quartile    123.3

Total Number of Observations      44 Number of Distinct Observations      44

Minimum      20 First Quartile      48.6

represents a background data set and when many onsite observations need to be compared with the BTV.

Barium

General Statistics

Note: The use of USL tends to yield a conservative estimate of BTV, especially when the sample size starts exceeding 20.

Therefore, one may use USL to estimate a BTV only when the data set represents a background data set  free of outliers 

and consists of observations collected from clean unimpacted locations.

The use of USL tends to provide a balance between false positives and false negatives provided the data

95% Chebyshev UPL      18.02 99% Percentile      13.31

   95% USL      13.7

   95% UPL      12.28 90% Percentile       9.235

90% Chebyshev UPL      14.14 95% Percentile      10.54

Approximate Sample Size needed to achieve specified CC      59

   95% Percentile Bootstrap UTL with   95% Coverage      13.57    95% BCA Bootstrap UTL with   95% Coverage      13.25

Order of Statistic, r      44    95% UTL with   95% Coverage      13.7

Approx, f used to compute achieved CC       2.316 Approximate Actual Confidence Coefficient achieved by UTL       0.895

Nonparametric Distribution Free Background Statistics

Data appear Gamma Distributed at 5% Significance Level

Nonparametric Upper Limits for Background Threshold Values
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represents a background data set and when many onsite observations need to be compared with the BTV.

Beryllium

Note: The use of USL tends to yield a conservative estimate of BTV, especially when the sample size starts exceeding 20.

Therefore, one may use USL to estimate a BTV only when the data set represents a background data set  free of outliers 

and consists of observations collected from clean unimpacted locations.

The use of USL tends to provide a balance between false positives and false negatives provided the data

95% Chebyshev UPL    334.2 99% Percentile    230.6

   95% USL    231

   95% UPL    222 90% Percentile    151.2

90% Chebyshev UPL    258.4 95% Percentile    196.1

Approximate Sample Size needed to achieve specified CC      59

   95% Percentile Bootstrap UTL with   95% Coverage    230.9    95% BCA Bootstrap UTL with   95% Coverage    230

Order of Statistic, r      44    95% UTL with   95% Coverage    231

Approx, f used to compute achieved CC       2.316 Approximate Actual Confidence Coefficient achieved by UTL       0.895

Nonparametric Distribution Free Background Statistics

Data appear Approximate Normal at 5% Significance Level

Nonparametric Upper Limits for Background Threshold Values

   95% UPL (t)    234.1 95% Percentile (z)    225.6

   95% USL    526.2 99% Percentile (z)    356.5

Background Statistics assuming Lognormal Distribution

   95% UTL with   95% Coverage    304.4 90% Percentile (z)    176.8

5% Lilliefors Critical Value       0.132 Data appear Lognormal at 5% Significance Level

Data appear Lognormal at 5% Significance Level

5% Shapiro Wilk Critical Value       0.944 Data appear Lognormal at 5% Significance Level

Lilliefors Test Statistic       0.101 Lilliefors Lognormal GOF Test

Lognormal GOF Test

Shapiro Wilk Test Statistic       0.946 Shapiro Wilk Lognormal GOF Test

   95% HW Approx. Gamma UTL with   95% Coverage    255

   95% WH USL    344.9    95% HW USL    372.2

   95% Hawkins Wixley (HW) Approx. Gamma UPL    209.9 95% Percentile    201.9

   95% WH Approx. Gamma UTL with   95% Coverage    244.8 99% Percentile    275.1

Background Statistics Assuming Gamma Distribution

   95% Wilson Hilferty (WH) Approx. Gamma UPL    204.6 90% Percentile    168.5

MLE Mean (bias corrected)      91.22 MLE Sd (bias corrected)      57.65

Theta hat (MLE)      34.16 Theta star (bias corrected MLE)      36.44

nu hat (MLE)    235 nu star (bias corrected)    220.3

Gamma Statistics

k hat (MLE)       2.67 k star (bias corrected MLE)       2.503

5% K-S Critical Value       0.135 Detected data appear Gamma Distributed at 5% Significance Level

Detected data appear Gamma Distributed at 5% Significance Level

K-S Test Statistic      0.0951 Kolmogorov-Smirnov Gamma GOF Test
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5% Shapiro Wilk Critical Value       0.944 Data appear Lognormal at 5% Significance Level

Lilliefors Test Statistic       0.111 Lilliefors Lognormal GOF Test

Lognormal GOF Test

Shapiro Wilk Test Statistic       0.959 Shapiro Wilk Lognormal GOF Test

   95% HW Approx. Gamma UTL with   95% Coverage       2.787

   95% WH USL       3.694    95% HW USL       3.945

   95% Hawkins Wixley (HW) Approx. Gamma UPL       2.333 95% Percentile       2.254

   95% WH Approx. Gamma UTL with   95% Coverage       2.69 99% Percentile       2.998

Background Statistics Assuming Gamma Distribution

   95% Wilson Hilferty (WH) Approx. Gamma UPL       2.281 90% Percentile       1.91

MLE Mean (bias corrected)       1.085 MLE Sd (bias corrected)       0.616

Theta hat (MLE)       0.327 Theta star (bias corrected MLE)       0.349

nu hat (MLE)    291.7 nu star (bias corrected)    273.2

Gamma Statistics

k hat (MLE)       3.315 k star (bias corrected MLE)       3.104

5% K-S Critical Value       0.134 Detected data appear Gamma Distributed at 5% Significance Level

Detected data appear Gamma Distributed at 5% Significance Level

5% A-D Critical Value       0.755 Detected data appear Gamma Distributed at 5% Significance Level

K-S Test Statistic       0.102 Kolmogorov-Smirnov Gamma GOF Test

Gamma GOF Test

A-D Test Statistic       0.321 Anderson-Darling Gamma GOF Test

   95% UPL (t)       2.083 95% Percentile (z)       2.051

   95% USL       2.792 99% Percentile (z)       2.451

Background Statistics Assuming Normal Distribution

   95% UTL with   95% Coverage       2.313 90% Percentile (z)       1.837

5% Lilliefors Critical Value       0.132 Data appear Normal at 5% Significance Level

Data appear Approximate Normal at 5% Significance Level

5% Shapiro Wilk Critical Value       0.944 Data Not Normal at 5% Significance Level

Lilliefors Test Statistic       0.125 Lilliefors GOF Test

Normal GOF Test

Shapiro Wilk Test Statistic       0.941 Shapiro Wilk GOF Test

Critical Values for Background Threshold Values (BTVs)

Tolerance Factor K (For UTL)       2.091 d2max (for USL)       2.906

Mean of logged Data    -0.0771 SD of logged Data       0.599

Mean       1.085 SD       0.587

Coefficient of Variation       0.541 Skewness       0.801

Second Largest       2.15 Median       0.97

Maximum       2.86 Third Quartile       1.468

Total Number of Observations      44 Number of Distinct Observations      41

Minimum       0.235 First Quartile       0.644

General Statistics
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5% Lilliefors Critical Value       0.161 Detected Data appear Normal at 5% Significance Level

Detected Data appear Approximate Normal at 5% Significance Level

5% Shapiro Wilk Critical Value       0.926 Data Not Normal at 5% Significance Level

Lilliefors Test Statistic       0.153 Lilliefors GOF Test

Normal GOF Test on Detects Only

Shapiro Wilk Test Statistic       0.891 Shapiro Wilk GOF Test

Critical Values for Background Threshold Values (BTVs)

Tolerance Factor K (For UTL)       2.091 d2max (for USL)       2.906

Mean of Detected Logged Data       1.262 SD of Detected Logged Data       0.556

Variance Detected       5.543 Percent Non-Detects      34.09%

Mean Detected       4.107 SD Detected       2.354

Minimum Detect       1.55 Minimum Non-Detect       1.28

Maximum Detect      10.7 Maximum Non-Detect       1.65

Number of Detects      29 Number of Non-Detects      15

Number of Distinct Detects      28 Number of Distinct Non-Detects      12

Total Number of Observations      44 Number of Missing Observations       0

Number of Distinct Observations      39

represents a background data set and when many onsite observations need to be compared with the BTV.

Boron

General Statistics

Note: The use of USL tends to yield a conservative estimate of BTV, especially when the sample size starts exceeding 20.

Therefore, one may use USL to estimate a BTV only when the data set represents a background data set  free of outliers 

and consists of observations collected from clean unimpacted locations.

The use of USL tends to provide a balance between false positives and false negatives provided the data

95% Chebyshev UPL       3.674 99% Percentile       2.555

   95% USL       2.86

   95% UPL       2.145 90% Percentile       1.821

90% Chebyshev UPL       2.866 95% Percentile       2.13

Approximate Sample Size needed to achieve specified CC      59

   95% Percentile Bootstrap UTL with   95% Coverage       2.754    95% BCA Bootstrap UTL with   95% Coverage       2.15

Order of Statistic, r      44    95% UTL with   95% Coverage       2.86

Approx, f used to compute achieved CC       2.316 Approximate Actual Confidence Coefficient achieved by UTL       0.895

Nonparametric Distribution Free Background Statistics

Data appear Approximate Normal at 5% Significance Level

Nonparametric Upper Limits for Background Threshold Values

   95% UPL (t)       2.563 95% Percentile (z)       2.48

   95% USL       5.279 99% Percentile (z)       3.73

Background Statistics assuming Lognormal Distribution

   95% UTL with   95% Coverage       3.24 90% Percentile (z)       1.995

5% Lilliefors Critical Value       0.132 Data appear Lognormal at 5% Significance Level

Data appear Lognormal at 5% Significance Level
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     12.59

95% Gamma USL      25.71      36.65

95% Approx. Gamma UTL with 95% Coverage      14.62      18.38 95% Approx. Gamma UPL      10.69

The following statistics are computed using Gamma ROS Statistics on Imputed Data

Upper Limits using Wilson Hilferty (WH) and Hawkins Wixley (HW) Methods

     WH     HW      WH     HW

95% Percentile of Chisquare (2kstar)       3.691 90% Percentile       7.498

95% Percentile      10.75 99% Percentile      18.78

nu hat (MLE)      42.95 nu star (bias corrected)      41.36

MLE Mean (bias corrected)       2.737 MLE Sd (bias corrected)       3.992

k hat (MLE)       0.488 k star (bias corrected MLE)       0.47

Theta hat (MLE)       5.607 Theta star (bias corrected MLE)       5.823

Maximum      10.7 Median       2.135

SD       2.707 CV       0.989

This is especially true when the sample size is small.

For gamma distributed detected data, BTVs and UCLs may be computed using gamma distribution on KM estimates

Minimum      0.01 Mean       2.737

Gamma ROS Statistics using Imputed Non-Detects

GROS may not be used when data set has > 50% NDs with many tied observations at multiple DLs

GROS may not be used when kstar of detects is small such as <1.0, especially when the sample size is small (e.g., <15-20)

For such situations, GROS method may yield incorrect values of UCLs and BTVs

MLE Mean (bias corrected)       4.107

MLE Sd (bias corrected)       2.314 95% Percentile of Chisquare (2kstar)      13.04

Theta hat (MLE)       1.178 Theta star (bias corrected MLE)       1.304

nu hat (MLE)    202.3 nu star (bias corrected)    182.7

Gamma Statistics on Detected Data Only

k hat (MLE)       3.487 k star (bias corrected MLE)       3.149

5% K-S Critical Value       0.164 Detected data appear Gamma Distributed at 5% Significance Level

Detected data appear Gamma Distributed at 5% Significance Level

5% A-D Critical Value       0.752 Detected data appear Gamma Distributed at 5% Significance Level

K-S Test Statistic       0.128 Kolmogorov-Smirnov GOF

Gamma GOF Tests on Detected Observations Only

A-D Test Statistic       0.518 Anderson-Darling GOF Test

99% Percentile (z)       8.759 95% USL      10.2

DL/2 is not a recommended method. DL/2 provided for comparisons and historical reasons

95% UTL95% Coverage       8.172 95% UPL (t)       7.198

90% Percentile (z)       6.154 95% Percentile (z)       7.06

DL/2 Substitution Background Statistics Assuming Normal Distribution

Mean       2.96 SD       2.493

99% KM Percentile (z)       8.507 95% KM USL       9.843

95% UTL95% Coverage       7.965 95% KM UPL (t)       7.064

90% KM Percentile (z)       6.1 95% KM Percentile (z)       6.937

Kaplan Meier (KM) Background Statistics Assuming Normal Distribution

KM Mean       3.148 KM SD       2.304
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Approx, f used to compute achieved CC       2.316 Approximate Actual Confidence Coefficient achieved by UTL       0.895

Nonparametric Upper Limits for BTVs(no distinction made between detects and nondetects)

Order of Statistic, r      44 95% UTL with95% Coverage      10.7

DL/2 is not a Recommended Method. DL/2 provided for comparisons and historical reasons.

Nonparametric Distribution Free Background Statistics

Data appear to follow a Discernible Distribution at 5% Significance Level

90% Percentile (z)       6.362 95% Percentile (z)       8.742

99% Percentile (z)      15.87 95% USL      26.35

SD in Original Scale       2.493 SD in Log Scale       0.875

95% UTL95% Coverage      12.91 95% UPL (t)       9.175

Background DL/2 Statistics Assuming Lognormal Distribution

Mean in Original Scale       2.96 Mean in Log Scale       0.73

KM SD of Logged Data       0.652 95% KM UPL (Lognormal)       7.595

95% KM Percentile Lognormal (z)       7.327 95% KM USL (Lognormal)      16.67

Statistics using KM estimates on Logged Data and Assuming Lognormal Distribution

KM Mean of Logged Data       0.919 95% KM UTL (Lognormal)95% Coverage       9.8

99% Percentile (z)      13.63 95% USL      21.31

95% Bootstrap (%) UTL95% Coverage      10.34 95% UPL (t)       8.417

90% Percentile (z)       6.098 95% Percentile (z)       8.067

SD in Original Scale       2.422 SD in Log Scale       0.77

95% UTL95% Coverage      11.37 95% BCA UTL95% Coverage      10.23

Background Lognormal ROS Statistics Assuming Lognormal Distribution Using Imputed Non-Detects

Mean in Original Scale       3.04 Mean in Log Scale       0.821

5% Lilliefors Critical Value       0.161 Detected Data appear Lognormal at 5% Significance Level

Detected Data appear Lognormal at 5% Significance Level

5% Shapiro Wilk Critical Value       0.926 Detected Data appear Lognormal at 5% Significance Level

Lilliefors Test Statistic       0.108 Lilliefors GOF Test

Lognormal GOF Test on Detected Observations Only

Shapiro Wilk Test Statistic       0.951 Shapiro Wilk GOF Test

      7.298

95% KM Gamma Percentile       7.038       7.088 95% Gamma USL      12.46      13.16

95% Approx. Gamma UTL with 95% Coverage       8.723       8.921 95% Approx. Gamma UPL       7.233

The following statistics are computed using gamma distribution and KM estimates

Upper Limits using Wilson Hilferty (WH) and Hawkins Wixley (HW) Methods

     WH     HW      WH     HW

80% gamma percentile (KM)       4.785 90% gamma percentile (KM)       6.315

95% gamma percentile (KM)       7.786 99% gamma percentile (KM)      11.07

nu hat (KM)    164.3 nu star (KM)    154.4

theta hat (KM)       1.686 theta star (KM)       1.794

Variance (KM)       5.307 SE of Mean (KM)       0.353

k hat (KM)       1.867 k star (KM)       1.755

Estimates of Gamma Parameters using KM Estimates

Mean (KM)       3.148 SD (KM)       2.304
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5% A-D Critical Value       0.769 Data Not Gamma Distributed at 5% Significance Level

K-S Test Statistic       0.228 Kolmogorov-Smirnov GOF

Gamma GOF Tests on Detected Observations Only

A-D Test Statistic       1.627 Anderson-Darling GOF Test

99% Percentile (z)       0.379 95% USL       0.449

DL/2 is not a recommended method. DL/2 provided for comparisons and historical reasons

95% UTL95% Coverage       0.35 95% UPL (t)       0.303

90% Percentile (z)       0.253 95% Percentile (z)       0.297

DL/2 Substitution Background Statistics Assuming Normal Distribution

Mean      0.0987 SD       0.12

99% KM Percentile (z)       0.375 95% KM USL       0.444

95% UTL95% Coverage       0.347 95% KM UPL (t)       0.301

90% KM Percentile (z)       0.251 95% KM Percentile (z)       0.294

Kaplan Meier (KM) Background Statistics Assuming Normal Distribution

KM Mean      0.0993 KM SD       0.119

5% Lilliefors Critical Value       0.144 Data Not Normal at 5% Significance Level

Data Not Normal at 5% Significance Level

5% Shapiro Wilk Critical Value       0.936 Data Not Normal at 5% Significance Level

Lilliefors Test Statistic       0.321 Lilliefors GOF Test

Normal GOF Test on Detects Only

Shapiro Wilk Test Statistic       0.68 Shapiro Wilk GOF Test

Critical Values for Background Threshold Values (BTVs)

Tolerance Factor K (For UTL)       2.091 d2max (for USL)       2.906

Mean Detected       0.114 SD Detected       0.126

Mean of Detected Logged Data     -2.582 SD of Detected Logged Data       0.888

Maximum Detect       0.587 Maximum Non-Detect      0.0594

Variance Detected      0.0158 Percent Non-Detects      15.91%

Number of Distinct Detects      35 Number of Distinct Non-Detects       6

Minimum Detect      0.013 Minimum Non-Detect      0.0117

Number of Distinct Observations      40

Number of Detects      37 Number of Non-Detects       7

Cadmium

General Statistics

Total Number of Observations      44 Number of Missing Observations       0

Note: The use of USL tends to yield a conservative estimate of BTV, especially when the sample size starts exceeding 20.

Therefore, one may use USL to estimate a BTV only when the data set represents a background data set  free of outliers 

and consists of observations collected from clean unimpacted locations.

The use of USL tends to provide a balance between false positives and false negatives provided the data

represents a background data set and when many onsite observations need to be compared with the BTV.

95% USL      10.7 95% KM Chebyshev UPL      13.3

Approximate Sample Size needed to achieve specified CC      59 95% UPL       8.095
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5% Shapiro Wilk Critical Value       0.936 Detected Data appear Lognormal at 5% Significance Level

Lognormal GOF Test on Detected Observations Only

Shapiro Wilk Test Statistic       0.952 Shapiro Wilk GOF Test

      0.284

95% KM Gamma Percentile       0.271       0.273 95% Gamma USL       0.563       0.613

95% Approx. Gamma UTL with 95% Coverage       0.358       0.371 95% Approx. Gamma UPL       0.281

The following statistics are computed using gamma distribution and KM estimates

Upper Limits using Wilson Hilferty (WH) and Hawkins Wixley (HW) Methods

     WH     HW      WH     HW

80% gamma percentile (KM)       0.163 90% gamma percentile (KM)       0.252

95% gamma percentile (KM)       0.344 99% gamma percentile (KM)       0.564

nu hat (KM)      61.59 nu star (KM)      58.72

theta hat (KM)       0.142 theta star (KM)       0.149

Variance (KM)      0.0141 SE of Mean (KM)      0.0181

k hat (KM)       0.7 k star (KM)       0.667

Estimates of Gamma Parameters using KM Estimates

Mean (KM)      0.0993 SD (KM)       0.119

      0.301

95% Gamma USL       0.611       0.686

95% Approx. Gamma UTL with 95% Coverage       0.38       0.401 95% Approx. Gamma UPL       0.294

The following statistics are computed using Gamma ROS Statistics on Imputed Data

Upper Limits using Wilson Hilferty (WH) and Hawkins Wixley (HW) Methods

     WH     HW      WH     HW

95% Percentile of Chisquare (2kstar)       5.792 90% Percentile       0.227

95% Percentile       0.298 99% Percentile       0.461

nu hat (MLE)      88.19 nu star (bias corrected)      83.51

MLE Mean (bias corrected)      0.0975 MLE Sd (bias corrected)       0.1

k hat (MLE)       1.002 k star (bias corrected MLE)       0.949

Theta hat (MLE)      0.0973 Theta star (bias corrected MLE)       0.103

Maximum       0.587 Median      0.0762

SD       0.121 CV       1.242

This is especially true when the sample size is small.

For gamma distributed detected data, BTVs and UCLs may be computed using gamma distribution on KM estimates

Minimum      0.01 Mean      0.0975

Gamma ROS Statistics using Imputed Non-Detects

GROS may not be used when data set has > 50% NDs with many tied observations at multiple DLs

GROS may not be used when kstar of detects is small such as <1.0, especially when the sample size is small (e.g., <15-20)

For such situations, GROS method may yield incorrect values of UCLs and BTVs

MLE Mean (bias corrected)       0.114

MLE Sd (bias corrected)       0.101 95% Percentile of Chisquare (2kstar)       6.992

Theta hat (MLE)      0.0839 Theta star (bias corrected MLE)      0.09

nu hat (MLE)    100.6 nu star (bias corrected)      93.8

Gamma Statistics on Detected Data Only

k hat (MLE)       1.36 k star (bias corrected MLE)       1.268

5% K-S Critical Value       0.148 Data Not Gamma Distributed at 5% Significance Level

Data Not Gamma Distributed at 5% Significance Level
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Coefficient of Variation       1.712 Skewness       2.536

Maximum 137000 Third Quartile  17925

Mean  17943 SD  30725

Minimum    164 First Quartile    809.8

Second Largest 105000 Median   5005

Calcium

General Statistics

Total Number of Observations      44 Number of Distinct Observations      44

Note: The use of USL tends to yield a conservative estimate of BTV, especially when the sample size starts exceeding 20.

Therefore, one may use USL to estimate a BTV only when the data set represents a background data set  free of outliers 

and consists of observations collected from clean unimpacted locations.

The use of USL tends to provide a balance between false positives and false negatives provided the data

represents a background data set and when many onsite observations need to be compared with the BTV.

95% USL       0.587 95% KM Chebyshev UPL       0.622

Approx, f used to compute achieved CC       2.316 Approximate Actual Confidence Coefficient achieved by UTL       0.895

Approximate Sample Size needed to achieve specified CC      59 95% UPL       0.412

Nonparametric Upper Limits for BTVs(no distinction made between detects and nondetects)

Order of Statistic, r      44 95% UTL with95% Coverage       0.587

DL/2 is not a Recommended Method. DL/2 provided for comparisons and historical reasons.

Nonparametric Distribution Free Background Statistics

Data appear to follow a Discernible Distribution at 5% Significance Level

90% Percentile (z)       0.217 95% Percentile (z)       0.314

99% Percentile (z)       0.629 95% USL       1.135

SD in Original Scale       0.12 SD in Log Scale       1.018

95% UTL95% Coverage       0.495 95% UPL (t)       0.332

Background DL/2 Statistics Assuming Lognormal Distribution

Mean in Original Scale      0.0987 Mean in Log Scale     -2.832

KM SD of Logged Data       0.961 95% KM UPL (Lognormal)       0.312

95% KM Percentile Lognormal (z)       0.296 95% KM USL (Lognormal)       0.994

Statistics using KM estimates on Logged Data and Assuming Lognormal Distribution

KM Mean of Logged Data     -2.8 95% KM UTL (Lognormal)95% Coverage       0.454

99% Percentile (z)       0.595 95% USL       1.052

95% Bootstrap (%) UTL95% Coverage       0.562 95% UPL (t)       0.321

90% Percentile (z)       0.213 95% Percentile (z)       0.304

SD in Original Scale       0.12 SD in Log Scale       0.983

95% UTL95% Coverage       0.472 95% BCA UTL95% Coverage       0.557

Background Lognormal ROS Statistics Assuming Lognormal Distribution Using Imputed Non-Detects

Mean in Original Scale      0.0991 Mean in Log Scale     -2.808

5% Lilliefors Critical Value       0.144 Data Not Lognormal at 5% Significance Level

Detected Data appear Approximate Lognormal at 5% Significance Level

Lilliefors Test Statistic       0.161 Lilliefors GOF Test
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   95% UPL (t) 106337 95% Percentile (z)  95994

   95% USL 994485 99% Percentile (z) 339461

Background Statistics assuming Lognormal Distribution

   95% UTL with   95% Coverage 219456 90% Percentile (z)  48957

5% Lilliefors Critical Value       0.132 Data appear Lognormal at 5% Significance Level

Data appear Lognormal at 5% Significance Level

5% Shapiro Wilk Critical Value       0.944 Data appear Lognormal at 5% Significance Level

Lilliefors Test Statistic       0.13 Lilliefors Lognormal GOF Test

Lognormal GOF Test

Shapiro Wilk Test Statistic       0.949 Shapiro Wilk Lognormal GOF Test

   95% HW Approx. Gamma UTL with   95% Coverage 101534

   95% WH USL 166373    95% HW USL 204292

   95% Hawkins Wixley (HW) Approx. Gamma UPL  69145 95% Percentile  71480

   95% WH Approx. Gamma UTL with   95% Coverage  91995 99% Percentile 125932

Background Statistics Assuming Gamma Distribution

   95% Wilson Hilferty (WH) Approx. Gamma UPL  66019 90% Percentile  49558

MLE Mean (bias corrected)  17943 MLE Sd (bias corrected)  26711

Theta hat (MLE)  38342 Theta star (bias corrected MLE)  39766

nu hat (MLE)      41.18 nu star (bias corrected)      39.71

Gamma Statistics

k hat (MLE)       0.468 k star (bias corrected MLE)       0.451

5% K-S Critical Value       0.142 Detected data appear Gamma Distributed at 5% Significance Level

Detected data follow Appr. Gamma Distribution at 5% Significance Level

5% A-D Critical Value       0.821 Data Not Gamma Distributed at 5% Significance Level

K-S Test Statistic       0.126 Kolmogorov-Smirnov Gamma GOF Test

Gamma GOF Test

A-D Test Statistic       1.065 Anderson-Darling Gamma GOF Test

   95% UPL (t)  70177 95% Percentile (z)  68480

   95% USL 107238 99% Percentile (z)  89419

Background Statistics Assuming Normal Distribution

   95% UTL with   95% Coverage  82188 90% Percentile (z)  57318

5% Lilliefors Critical Value       0.132 Data Not Normal at 5% Significance Level

Data Not Normal at 5% Significance Level

5% Shapiro Wilk Critical Value       0.944 Data Not Normal at 5% Significance Level

Lilliefors Test Statistic       0.281 Lilliefors GOF Test

Normal GOF Test

Shapiro Wilk Test Statistic       0.616 Shapiro Wilk GOF Test

Critical Values for Background Threshold Values (BTVs)

Tolerance Factor K (For UTL)       2.091 d2max (for USL)       2.906

Mean of logged Data       8.423 SD of logged Data       1.853



764

765

766

767

768

769

770

771

772

773

774

775

776

777

778

779

780

781

782

783

784

785

786

787

788

789

790

791

792

793

794

795

796

797

798

799

800

801

802

803

804

805

806

807

808

809

810

811

812

A B C D E F G H I J K L

5% A-D Critical Value       0.75 Detected data appear Gamma Distributed at 5% Significance Level

K-S Test Statistic      0.0841 Kolmogorov-Smirnov Gamma GOF Test

Gamma GOF Test

A-D Test Statistic       0.278 Anderson-Darling Gamma GOF Test

   95% UPL (t)      21.46 95% Percentile (z)      21.19

   95% USL      27.33 99% Percentile (z)      24.51

Background Statistics Assuming Normal Distribution

   95% UTL with   95% Coverage      23.36 90% Percentile (z)      19.42

5% Lilliefors Critical Value       0.132 Data appear Normal at 5% Significance Level

Data appear Approximate Normal at 5% Significance Level

5% Shapiro Wilk Critical Value       0.944 Data Not Normal at 5% Significance Level

Lilliefors Test Statistic       0.102 Lilliefors GOF Test

Normal GOF Test

Shapiro Wilk Test Statistic       0.922 Shapiro Wilk GOF Test

Critical Values for Background Threshold Values (BTVs)

Tolerance Factor K (For UTL)       2.091 d2max (for USL)       2.906

Mean of logged Data       2.516 SD of logged Data       0.357

Mean      13.18 SD       4.872

Coefficient of Variation       0.37 Skewness       1.227

Second Largest      22 Median      12.1

Maximum      31.2 Third Quartile      15.7

Total Number of Observations      44 Number of Distinct Observations      38

Minimum       6.4 First Quartile      10.45

represents a background data set and when many onsite observations need to be compared with the BTV.

Chromium

General Statistics

Note: The use of USL tends to yield a conservative estimate of BTV, especially when the sample size starts exceeding 20.

Therefore, one may use USL to estimate a BTV only when the data set represents a background data set  free of outliers 

and consists of observations collected from clean unimpacted locations.

The use of USL tends to provide a balance between false positives and false negatives provided the data

95% Chebyshev UPL 153382 99% Percentile 123240

   95% USL 137000

   95% UPL 101725 90% Percentile  48300

90% Chebyshev UPL 111158 95% Percentile  91000

Approximate Sample Size needed to achieve specified CC      59

   95% Percentile Bootstrap UTL with   95% Coverage 130235    95% BCA Bootstrap UTL with   95% Coverage 130235

Order of Statistic, r      44    95% UTL with   95% Coverage 137000

Approx, f used to compute achieved CC       2.316 Approximate Actual Confidence Coefficient achieved by UTL       0.895

Nonparametric Distribution Free Background Statistics

Data appear Approximate Gamma Distribution at 5% Significance Level

Nonparametric Upper Limits for Background Threshold Values
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represents a background data set and when many onsite observations need to be compared with the BTV.

Cobalt

Note: The use of USL tends to yield a conservative estimate of BTV, especially when the sample size starts exceeding 20.

Therefore, one may use USL to estimate a BTV only when the data set represents a background data set  free of outliers 

and consists of observations collected from clean unimpacted locations.

The use of USL tends to provide a balance between false positives and false negatives provided the data

95% Chebyshev UPL      34.65 99% Percentile      27.24

   95% USL      31.2

   95% UPL      21.48 90% Percentile      19.07

90% Chebyshev UPL      27.96 95% Percentile      19.81

Approximate Sample Size needed to achieve specified CC      59

   95% Percentile Bootstrap UTL with   95% Coverage      29.51    95% BCA Bootstrap UTL with   95% Coverage      29.82

Order of Statistic, r      44    95% UTL with   95% Coverage      31.2

Approx, f used to compute achieved CC       2.316 Approximate Actual Confidence Coefficient achieved by UTL       0.895

Nonparametric Distribution Free Background Statistics

Data appear Approximate Normal at 5% Significance Level

Nonparametric Upper Limits for Background Threshold Values

   95% UPL (t)      22.7 95% Percentile (z)      22.25

   95% USL      34.89 99% Percentile (z)      28.37

Background Statistics assuming Lognormal Distribution

   95% UTL with   95% Coverage      26.09 90% Percentile (z)      19.55

5% Lilliefors Critical Value       0.132 Data appear Lognormal at 5% Significance Level

Data appear Lognormal at 5% Significance Level

5% Shapiro Wilk Critical Value       0.944 Data appear Lognormal at 5% Significance Level

Lilliefors Test Statistic      0.0985 Lilliefors Lognormal GOF Test

Lognormal GOF Test

Shapiro Wilk Test Statistic       0.974 Shapiro Wilk Lognormal GOF Test

   95% HW Approx. Gamma UTL with   95% Coverage      24.97

   95% WH USL      30.91    95% HW USL      31.69

   95% Hawkins Wixley (HW) Approx. Gamma UPL      22.15 95% Percentile      21.87

   95% WH Approx. Gamma UTL with   95% Coverage      24.68 99% Percentile      26.71

Background Statistics Assuming Gamma Distribution

   95% Wilson Hilferty (WH) Approx. Gamma UPL      22.01 90% Percentile      19.53

MLE Mean (bias corrected)      13.18 MLE Sd (bias corrected)       4.768

Theta hat (MLE)       1.611 Theta star (bias corrected MLE)       1.725

nu hat (MLE)    719.8 nu star (bias corrected)    672.1

Gamma Statistics

k hat (MLE)       8.18 k star (bias corrected MLE)       7.637

5% K-S Critical Value       0.133 Detected data appear Gamma Distributed at 5% Significance Level

Detected data appear Gamma Distributed at 5% Significance Level
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5% Lilliefors Critical Value       0.132 Data Not Lognormal at 5% Significance Level

5% Shapiro Wilk Critical Value       0.944 Data Not Lognormal at 5% Significance Level

Lilliefors Test Statistic       0.152 Lilliefors Lognormal GOF Test

Lognormal GOF Test

Shapiro Wilk Test Statistic       0.849 Shapiro Wilk Lognormal GOF Test

   95% HW Approx. Gamma UTL with   95% Coverage      21.2

   95% WH USL      26.79    95% HW USL      28.7

   95% Hawkins Wixley (HW) Approx. Gamma UPL      18.18 95% Percentile      17.49

   95% WH Approx. Gamma UTL with   95% Coverage      20.34 99% Percentile      22.4

Background Statistics Assuming Gamma Distribution

   95% Wilson Hilferty (WH) Approx. Gamma UPL      17.66 90% Percentile      15.18

MLE Mean (bias corrected)       9.295 MLE Sd (bias corrected)       4.389

Theta hat (MLE)       1.938 Theta star (bias corrected MLE)       2.072

nu hat (MLE)    422.1 nu star (bias corrected)    394.7

Gamma Statistics

k hat (MLE)       4.797 k star (bias corrected MLE)       4.485

5% K-S Critical Value       0.134 Detected data appear Gamma Distributed at 5% Significance Level

Detected data follow Appr. Gamma Distribution at 5% Significance Level

5% A-D Critical Value       0.753 Data Not Gamma Distributed at 5% Significance Level

K-S Test Statistic       0.117 Kolmogorov-Smirnov Gamma GOF Test

Gamma GOF Test

A-D Test Statistic       1.023 Anderson-Darling Gamma GOF Test

   95% UPL (t)      15.53 95% Percentile (z)      15.32

   95% USL      19.95 99% Percentile (z)      17.82

Background Statistics Assuming Normal Distribution

   95% UTL with   95% Coverage      16.96 90% Percentile (z)      13.99

5% Lilliefors Critical Value       0.132 Data appear Normal at 5% Significance Level

Data appear Normal at 5% Significance Level

5% Shapiro Wilk Critical Value       0.944 Data appear Normal at 5% Significance Level

Lilliefors Test Statistic      0.078 Lilliefors GOF Test

Normal GOF Test

Shapiro Wilk Test Statistic       0.968 Shapiro Wilk GOF Test

Critical Values for Background Threshold Values (BTVs)

Tolerance Factor K (For UTL)       2.091 d2max (for USL)       2.906

Mean of logged Data       2.122 SD of logged Data       0.531

Mean       9.295 SD       3.666

Coefficient of Variation       0.394 Skewness     -0.119

Second Largest      16 Median       9.015

Maximum      16.1 Third Quartile      11.93

Total Number of Observations      44 Number of Distinct Observations      37

Minimum       1.44 First Quartile       6.768

General Statistics
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Background Statistics Assuming Normal Distribution

   95% UTL with   95% Coverage      20.48 90% Percentile (z)      16.58

5% Lilliefors Critical Value       0.132 Data Not Normal at 5% Significance Level

Data Not Normal at 5% Significance Level

5% Shapiro Wilk Critical Value       0.944 Data Not Normal at 5% Significance Level

Lilliefors Test Statistic       0.19 Lilliefors GOF Test

Normal GOF Test

Shapiro Wilk Test Statistic       0.854 Shapiro Wilk GOF Test

Critical Values for Background Threshold Values (BTVs)

Tolerance Factor K (For UTL)       2.091 d2max (for USL)       2.906

Mean of logged Data       2.253 SD of logged Data       0.42

Mean      10.42 SD       4.814

Coefficient of Variation       0.462 Skewness       1.265

Second Largest      23 Median       8.955

Maximum      23.3 Third Quartile      11.9

Total Number of Observations      44 Number of Distinct Observations      41

Minimum       4.61 First Quartile       7.145

represents a background data set and when many onsite observations need to be compared with the BTV.

Copper

General Statistics

Note: The use of USL tends to yield a conservative estimate of BTV, especially when the sample size starts exceeding 20.

Therefore, one may use USL to estimate a BTV only when the data set represents a background data set  free of outliers 

and consists of observations collected from clean unimpacted locations.

The use of USL tends to provide a balance between false positives and false negatives provided the data

95% Chebyshev UPL      25.45 99% Percentile      16.06

   95% USL      16.1

   95% UPL      15.93 90% Percentile      14.17

90% Chebyshev UPL      20.42 95% Percentile      15.48

Approximate Sample Size needed to achieve specified CC      59

   95% Percentile Bootstrap UTL with   95% Coverage      16.09    95% BCA Bootstrap UTL with   95% Coverage      16

Order of Statistic, r      44    95% UTL with   95% Coverage      16.1

Approx, f used to compute achieved CC       2.316 Approximate Actual Confidence Coefficient achieved by UTL       0.895

Nonparametric Distribution Free Background Statistics

Data appear Normal at 5% Significance Level

Nonparametric Upper Limits for Background Threshold Values

   95% UPL (t)      20.58 95% Percentile (z)      19.98

   95% USL      39.04 99% Percentile (z)      28.69

Background Statistics assuming Lognormal Distribution

   95% UTL with   95% Coverage      25.32 90% Percentile (z)      16.48

Data Not Lognormal at 5% Significance Level
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Note: The use of USL tends to yield a conservative estimate of BTV, especially when the sample size starts exceeding 20.

95% Chebyshev UPL      31.63 99% Percentile      23.17

   95% USL      23.3

   95% UPL      22.38 90% Percentile      17.45

90% Chebyshev UPL      25.02 95% Percentile      20.32

Approximate Sample Size needed to achieve specified CC      59

   95% Percentile Bootstrap UTL with   95% Coverage      23.26    95% BCA Bootstrap UTL with   95% Coverage      23

Order of Statistic, r      44    95% UTL with   95% Coverage      23.3

Approx, f used to compute achieved CC       2.316 Approximate Actual Confidence Coefficient achieved by UTL       0.895

Nonparametric Distribution Free Background Statistics

Data appear Lognormal at 5% Significance Level

Nonparametric Upper Limits for Background Threshold Values

   95% UPL (t)      19.41 95% Percentile (z)      18.97

   95% USL      32.2 99% Percentile (z)      25.25

Background Statistics assuming Lognormal Distribution

   95% UTL with   95% Coverage      22.87 90% Percentile (z)      16.29

5% Lilliefors Critical Value       0.132 Data appear Lognormal at 5% Significance Level

Data appear Lognormal at 5% Significance Level

5% Shapiro Wilk Critical Value       0.944 Data appear Lognormal at 5% Significance Level

Lilliefors Test Statistic       0.119 Lilliefors Lognormal GOF Test

Lognormal GOF Test

Shapiro Wilk Test Statistic       0.947 Shapiro Wilk Lognormal GOF Test

   95% HW Approx. Gamma UTL with   95% Coverage      21.86

   95% WH USL      28.02    95% HW USL      28.82

   95% Hawkins Wixley (HW) Approx. Gamma UPL      19.02 95% Percentile      18.78

   95% WH Approx. Gamma UTL with   95% Coverage      21.61 99% Percentile      23.68

Background Statistics Assuming Gamma Distribution

   95% Wilson Hilferty (WH) Approx. Gamma UPL      18.92 90% Percentile      16.46

MLE Mean (bias corrected)      10.42 MLE Sd (bias corrected)       4.518

Theta hat (MLE)       1.831 Theta star (bias corrected MLE)       1.96

nu hat (MLE)    500.5 nu star (bias corrected)    467.7

Gamma Statistics

k hat (MLE)       5.688 k star (bias corrected MLE)       5.315

5% K-S Critical Value       0.134 Data Not Gamma Distributed at 5% Significance Level

Data Not Gamma Distributed at 5% Significance Level

5% A-D Critical Value       0.752 Data Not Gamma Distributed at 5% Significance Level

K-S Test Statistic       0.146 Kolmogorov-Smirnov Gamma GOF Test

Gamma GOF Test

A-D Test Statistic       1.1 Anderson-Darling Gamma GOF Test

   95% UPL (t)      18.6 95% Percentile (z)      18.33

   95% USL      24.41 99% Percentile (z)      21.61
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   95% HW Approx. Gamma UTL with   95% Coverage      30.27

   95% Hawkins Wixley (HW) Approx. Gamma UPL      25.85 95% Percentile      25.3

   95% WH Approx. Gamma UTL with   95% Coverage      29.62 99% Percentile      32.75

Background Statistics Assuming Gamma Distribution

   95% Wilson Hilferty (WH) Approx. Gamma UPL      25.54 90% Percentile      21.82

MLE Mean (bias corrected)      13.09 MLE Sd (bias corrected)       6.51

Theta hat (MLE)       3.028 Theta star (bias corrected MLE)       3.238

nu hat (MLE)    380.4 nu star (bias corrected)    355.8

Gamma Statistics

k hat (MLE)       4.322 k star (bias corrected MLE)       4.043

5% K-S Critical Value       0.134 Detected data appear Gamma Distributed at 5% Significance Level

Detected data appear Gamma Distributed at 5% Significance Level

5% A-D Critical Value       0.753 Detected data appear Gamma Distributed at 5% Significance Level

K-S Test Statistic       0.117 Kolmogorov-Smirnov Gamma GOF Test

Gamma GOF Test

A-D Test Statistic       0.576 Anderson-Darling Gamma GOF Test

   95% UPL (t)      24.38 95% Percentile (z)      24.01

   95% USL      32.39 99% Percentile (z)      28.54

Background Statistics Assuming Normal Distribution

   95% UTL with   95% Coverage      26.98 90% Percentile (z)      21.6

5% Lilliefors Critical Value       0.132 Data Not Normal at 5% Significance Level

Data Not Normal at 5% Significance Level

5% Shapiro Wilk Critical Value       0.944 Data Not Normal at 5% Significance Level

Lilliefors Test Statistic       0.181 Lilliefors GOF Test

Normal GOF Test

Shapiro Wilk Test Statistic       0.889 Shapiro Wilk GOF Test

Critical Values for Background Threshold Values (BTVs)

Tolerance Factor K (For UTL)       2.091 d2max (for USL)       2.906

Mean of logged Data       2.452 SD of logged Data       0.501

Mean      13.09 SD       6.642

Coefficient of Variation       0.507 Skewness       1.108

Second Largest      28.4 Median      11.95

Maximum      30.8 Third Quartile      14.65

Total Number of Observations      44 Number of Distinct Observations      39

Minimum       4.01 First Quartile       8.345

Lead

General Statistics

represents a background data set and when many onsite observations need to be compared with the BTV.

Therefore, one may use USL to estimate a BTV only when the data set represents a background data set  free of outliers 

and consists of observations collected from clean unimpacted locations.

The use of USL tends to provide a balance between false positives and false negatives provided the data



1135

1136

1137

1138

1139

1140

1141

1142

1143

1144

1145

1146

1147

1148

1149

1150

1151

1152

1153

1154

1155

1156

1157

1158

1159

1160

1161

1162

1163

1164

1165

1166

1167

1168

1169

1170

1171

1172

1173

1174

1175

1176

1177

1178

1179

1180

1181

1182

1183

A B C D E F G H I J K L

Normal GOF Test

Shapiro Wilk Test Statistic       0.91 Shapiro Wilk GOF Test

Critical Values for Background Threshold Values (BTVs)

Tolerance Factor K (For UTL)       2.091 d2max (for USL)       2.906

Mean of logged Data       1.964 SD of logged Data       0.651

Mean       8.562 SD       4.703

Coefficient of Variation       0.549 Skewness       0.174

Second Largest      16.3 Median       9.01

Maximum      17 Third Quartile      12.05

Total Number of Observations      44 Number of Distinct Observations      44

Minimum       1.94 First Quartile       4.24

represents a background data set and when many onsite observations need to be compared with the BTV.

Lithium

General Statistics

Note: The use of USL tends to yield a conservative estimate of BTV, especially when the sample size starts exceeding 20.

Therefore, one may use USL to estimate a BTV only when the data set represents a background data set  free of outliers 

and consists of observations collected from clean unimpacted locations.

The use of USL tends to provide a balance between false positives and false negatives provided the data

95% Chebyshev UPL      42.37 99% Percentile      29.77

   95% USL      30.8

   95% UPL      28.33 90% Percentile      24.43

90% Chebyshev UPL      33.24 95% Percentile      27.68

Approximate Sample Size needed to achieve specified CC      59

   95% Percentile Bootstrap UTL with   95% Coverage      30.44    95% BCA Bootstrap UTL with   95% Coverage      29.98

Order of Statistic, r      44    95% UTL with   95% Coverage      30.8

Approx, f used to compute achieved CC       2.316 Approximate Actual Confidence Coefficient achieved by UTL       0.895

Nonparametric Distribution Free Background Statistics

Data appear Gamma Distributed at 5% Significance Level

Nonparametric Upper Limits for Background Threshold Values

   95% UPL (t)      27.22 95% Percentile (z)      26.48

   95% USL      49.84 99% Percentile (z)      37.26

Background Statistics assuming Lognormal Distribution

   95% UTL with   95% Coverage      33.12 90% Percentile (z)      22.07

5% Lilliefors Critical Value       0.132 Data appear Lognormal at 5% Significance Level

Data appear Lognormal at 5% Significance Level

5% Shapiro Wilk Critical Value       0.944 Data appear Lognormal at 5% Significance Level

Lilliefors Test Statistic       0.118 Lilliefors Lognormal GOF Test

Lognormal GOF Test

Shapiro Wilk Test Statistic       0.964 Shapiro Wilk Lognormal GOF Test

   95% WH USL      39.5    95% HW USL      41.29
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Approximate Sample Size needed to achieve specified CC      59

Order of Statistic, r      44    95% UTL with   95% Coverage      17

Approx, f used to compute achieved CC       2.316 Approximate Actual Confidence Coefficient achieved by UTL       0.895

Nonparametric Distribution Free Background Statistics

Data appear Approximate Gamma Distribution at 5% Significance Level

Nonparametric Upper Limits for Background Threshold Values

   95% UPL (t)      21.55 95% Percentile (z)      20.79

   95% USL      47.23 99% Percentile (z)      32.38

Background Statistics assuming Lognormal Distribution

   95% UTL with   95% Coverage      27.79 90% Percentile (z)      16.41

5% Lilliefors Critical Value       0.132 Data Not Lognormal at 5% Significance Level

Data Not Lognormal at 5% Significance Level

5% Shapiro Wilk Critical Value       0.944 Data Not Lognormal at 5% Significance Level

Lilliefors Test Statistic       0.158 Lilliefors Lognormal GOF Test

Lognormal GOF Test

Shapiro Wilk Test Statistic       0.906 Shapiro Wilk Lognormal GOF Test

   95% HW Approx. Gamma UTL with   95% Coverage      23.35

   95% WH USL      31.25    95% HW USL      33.74

   95% Hawkins Wixley (HW) Approx. Gamma UPL      19.32 95% Percentile      18.52

   95% WH Approx. Gamma UTL with   95% Coverage      22.39 99% Percentile      25.02

Background Statistics Assuming Gamma Distribution

   95% Wilson Hilferty (WH) Approx. Gamma UPL      18.81 90% Percentile      15.54

MLE Mean (bias corrected)       8.562 MLE Sd (bias corrected)       5.208

Theta hat (MLE)       2.969 Theta star (bias corrected MLE)       3.168

nu hat (MLE)    253.8 nu star (bias corrected)    237.8

Gamma Statistics

k hat (MLE)       2.884 k star (bias corrected MLE)       2.703

5% K-S Critical Value       0.134 Detected data appear Gamma Distributed at 5% Significance Level

Detected data follow Appr. Gamma Distribution at 5% Significance Level

5% A-D Critical Value       0.756 Data Not Gamma Distributed at 5% Significance Level

K-S Test Statistic       0.134 Kolmogorov-Smirnov Gamma GOF Test

Gamma GOF Test

A-D Test Statistic       1.156 Anderson-Darling Gamma GOF Test

   95% UPL (t)      16.56 95% Percentile (z)      16.3

   95% USL      22.23 99% Percentile (z)      19.5

Background Statistics Assuming Normal Distribution

   95% UTL with   95% Coverage      18.4 90% Percentile (z)      14.59

5% Lilliefors Critical Value       0.132 Data Not Normal at 5% Significance Level

Data Not Normal at 5% Significance Level

5% Shapiro Wilk Critical Value       0.944 Data Not Normal at 5% Significance Level

Lilliefors Test Statistic       0.151 Lilliefors GOF Test
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Gamma GOF Tests on Detected Observations Only

99% Percentile (z)       0.111 95% USL       0.127

DL/2 is not a recommended method. DL/2 provided for comparisons and historical reasons

95% UTL95% Coverage       0.104 95% UPL (t)      0.0934

90% Percentile (z)      0.0818 95% Percentile (z)      0.0918

DL/2 Substitution Background Statistics Assuming Normal Distribution

Mean      0.0463 SD      0.0277

99% KM Percentile (z)       0.109 95% KM USL       0.125

95% UTL95% Coverage       0.103 95% KM UPL (t)      0.0926

90% KM Percentile (z)      0.0814 95% KM Percentile (z)      0.0911

Kaplan Meier (KM) Background Statistics Assuming Normal Distribution

KM Mean      0.0472 KM SD      0.0267

5% Lilliefors Critical Value       0.144 Data Not Normal at 5% Significance Level

Data Not Normal at 5% Significance Level

5% Shapiro Wilk Critical Value       0.936 Data Not Normal at 5% Significance Level

Lilliefors Test Statistic       0.201 Lilliefors GOF Test

Normal GOF Test on Detects Only

Shapiro Wilk Test Statistic       0.748 Shapiro Wilk GOF Test

Critical Values for Background Threshold Values (BTVs)

Tolerance Factor K (For UTL)       2.091 d2max (for USL)       2.906

Mean of Detected Logged Data     -3.082 SD of Detected Logged Data       0.423

Variance Detected 7.5498E-4 Percent Non-Detects      15.91%

Mean Detected      0.0507 SD Detected      0.0275

Minimum Detect      0.0235 Minimum Non-Detect     0.00855

Maximum Detect       0.165 Maximum Non-Detect       0.104

Number of Detects      37 Number of Non-Detects       7

Number of Distinct Detects      35 Number of Distinct Non-Detects       7

Total Number of Observations      44 Number of Missing Observations       0

Number of Distinct Observations      42

Mercury

General Statistics

represents a background data set and when many onsite observations need to be compared with the BTV.

Note: The use of USL tends to yield a conservative estimate of BTV, especially when the sample size starts exceeding 20.

Therefore, one may use USL to estimate a BTV only when the data set represents a background data set  free of outliers 

and consists of observations collected from clean unimpacted locations.

The use of USL tends to provide a balance between false positives and false negatives provided the data

95% Chebyshev UPL      29.3 99% Percentile      16.7

   95% USL      17

   95% UPL      16.18 90% Percentile      14.95

90% Chebyshev UPL      22.83 95% Percentile      15.74

   95% Percentile Bootstrap UTL with   95% Coverage      16.82    95% BCA Bootstrap UTL with   95% Coverage      16.82
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     0.0929

95% KM Gamma Percentile      0.0901      0.0908 95% Gamma USL       0.143       0.149

95% Approx. Gamma UTL with 95% Coverage       0.107       0.109 95% Approx. Gamma UPL      0.0921

The following statistics are computed using gamma distribution and KM estimates

Upper Limits using Wilson Hilferty (WH) and Hawkins Wixley (HW) Methods

     WH     HW      WH     HW

80% gamma percentile (KM)      0.0675 90% gamma percentile (KM)      0.0842

95% gamma percentile (KM)      0.0997 99% gamma percentile (KM)       0.133

nu hat (KM)    275.5 nu star (KM)    258

theta hat (KM)      0.0151 theta star (KM)      0.0161

Variance (KM) 7.1197E-4 SE of Mean (KM)     0.00412

k hat (KM)       3.131 k star (KM)       2.932

Estimates of Gamma Parameters using KM Estimates

Mean (KM)      0.0472 SD (KM)      0.0267

     0.092

95% Gamma USL       0.142       0.147

95% Approx. Gamma UTL with 95% Coverage       0.106       0.108 95% Approx. Gamma UPL      0.0915

The following statistics are computed using Gamma ROS Statistics on Imputed Data

Upper Limits using Wilson Hilferty (WH) and Hawkins Wixley (HW) Methods

     WH     HW      WH     HW

95% Percentile of Chisquare (2kstar)      15.37 90% Percentile      0.0784

95% Percentile      0.091 99% Percentile       0.118

nu hat (MLE)    371.9 nu star (bias corrected)    347.9

MLE Mean (bias corrected)      0.0468 MLE Sd (bias corrected)      0.0235

k hat (MLE)       4.226 k star (bias corrected MLE)       3.953

Theta hat (MLE)      0.0111 Theta star (bias corrected MLE)      0.0118

Maximum       0.165 Median      0.0396

SD      0.027 CV       0.577

This is especially true when the sample size is small.

For gamma distributed detected data, BTVs and UCLs may be computed using gamma distribution on KM estimates

Minimum      0.01 Mean      0.0468

Gamma ROS Statistics using Imputed Non-Detects

GROS may not be used when data set has > 50% NDs with many tied observations at multiple DLs

GROS may not be used when kstar of detects is small such as <1.0, especially when the sample size is small (e.g., <15-20)

For such situations, GROS method may yield incorrect values of UCLs and BTVs

MLE Mean (bias corrected)      0.0507

MLE Sd (bias corrected)      0.0232 95% Percentile of Chisquare (2kstar)      17.71

Theta hat (MLE)     0.00977 Theta star (bias corrected MLE)      0.0106

nu hat (MLE)    383.8 nu star (bias corrected)    354

Gamma Statistics on Detected Data Only

k hat (MLE)       5.187 k star (bias corrected MLE)       4.784

5% K-S Critical Value       0.145 Detected data appear Gamma Distributed at 5% Significance Level

Detected data follow Appr. Gamma Distribution at 5% Significance Level

5% A-D Critical Value       0.75 Data Not Gamma Distributed at 5% Significance Level

K-S Test Statistic       0.129 Kolmogorov-Smirnov GOF

A-D Test Statistic       1.035 Anderson-Darling GOF Test
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Number of Distinct Observations      43

Number of Detects      43 Number of Non-Detects       1

Molybdenum

General Statistics

Total Number of Observations      44 Number of Missing Observations       0

Note: The use of USL tends to yield a conservative estimate of BTV, especially when the sample size starts exceeding 20.

Therefore, one may use USL to estimate a BTV only when the data set represents a background data set  free of outliers 

and consists of observations collected from clean unimpacted locations.

The use of USL tends to provide a balance between false positives and false negatives provided the data

represents a background data set and when many onsite observations need to be compared with the BTV.

95% USL       0.165 95% KM Chebyshev UPL       0.165

Approx, f used to compute achieved CC       2.316 Approximate Actual Confidence Coefficient achieved by UTL       0.895

Approximate Sample Size needed to achieve specified CC      59 95% UPL       0.112

Nonparametric Upper Limits for BTVs(no distinction made between detects and nondetects)

Order of Statistic, r      44 95% UTL with95% Coverage       0.165

DL/2 is not a Recommended Method. DL/2 provided for comparisons and historical reasons.

Nonparametric Distribution Free Background Statistics

Data appear to follow a Discernible Distribution at 5% Significance Level

90% Percentile (z)      0.0841 95% Percentile (z)       0.104

99% Percentile (z)       0.155 95% USL       0.217

SD in Original Scale      0.0277 SD in Log Scale       0.584

95% UTL95% Coverage       0.135 95% UPL (t)       0.107

Background DL/2 Statistics Assuming Lognormal Distribution

Mean in Original Scale      0.0463 Mean in Log Scale     -3.224

KM SD of Logged Data       0.502 95% KM UPL (Lognormal)      0.0978

95% KM Percentile Lognormal (z)      0.0952 95% KM USL (Lognormal)       0.179

Statistics using KM estimates on Logged Data and Assuming Lognormal Distribution

KM Mean of Logged Data     -3.179 95% KM UTL (Lognormal)95% Coverage       0.119

99% Percentile (z)       0.119 95% USL       0.153

95% Bootstrap (%) UTL95% Coverage       0.158 95% UPL (t)      0.0901

90% Percentile (z)      0.0749 95% Percentile (z)      0.0879

SD in Original Scale      0.0265 SD in Log Scale       0.44

95% UTL95% Coverage       0.107 95% BCA UTL95% Coverage       0.156

Background Lognormal ROS Statistics Assuming Lognormal Distribution Using Imputed Non-Detects

Mean in Original Scale      0.0474 Mean in Log Scale     -3.155

5% Lilliefors Critical Value       0.144 Detected Data appear Lognormal at 5% Significance Level

Detected Data appear Lognormal at 5% Significance Level

5% Shapiro Wilk Critical Value       0.936 Detected Data appear Lognormal at 5% Significance Level

Lilliefors Test Statistic      0.0999 Lilliefors GOF Test

Lognormal GOF Test on Detected Observations Only

Shapiro Wilk Test Statistic       0.942 Shapiro Wilk GOF Test
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This is especially true when the sample size is small.

Gamma ROS Statistics using Imputed Non-Detects

GROS may not be used when data set has > 50% NDs with many tied observations at multiple DLs

GROS may not be used when kstar of detects is small such as <1.0, especially when the sample size is small (e.g., <15-20)

For such situations, GROS method may yield incorrect values of UCLs and BTVs

MLE Mean (bias corrected)       0.804

MLE Sd (bias corrected)       0.536 95% Percentile of Chisquare (2kstar)      10.28

Theta hat (MLE)       0.335 Theta star (bias corrected MLE)       0.358

nu hat (MLE)    206.3 nu star (bias corrected)    193.2

Gamma Statistics on Detected Data Only

k hat (MLE)       2.399 k star (bias corrected MLE)       2.247

5% K-S Critical Value       0.136 Detected data appear Gamma Distributed at 5% Significance Level

Detected data appear Gamma Distributed at 5% Significance Level

5% A-D Critical Value       0.758 Detected data appear Gamma Distributed at 5% Significance Level

K-S Test Statistic      0.0918 Kolmogorov-Smirnov GOF

Gamma GOF Tests on Detected Observations Only

A-D Test Statistic       0.294 Anderson-Darling GOF Test

99% Percentile (z)       2.016 95% USL       2.322

DL/2 is not a recommended method. DL/2 provided for comparisons and historical reasons

95% UTL95% Coverage       1.892 95% UPL (t)       1.685

90% Percentile (z)       1.464 95% Percentile (z)       1.656

DL/2 Substitution Background Statistics Assuming Normal Distribution

Mean       0.788 SD       0.528

99% KM Percentile (z)       1.999 95% KM USL       2.3

95% UTL95% Coverage       1.876 95% KM UPL (t)       1.673

90% KM Percentile (z)       1.456 95% KM Percentile (z)       1.644

Kaplan Meier (KM) Background Statistics Assuming Normal Distribution

KM Mean       0.789 KM SD       0.52

5% Lilliefors Critical Value       0.134 Detected Data appear Normal at 5% Significance Level

Detected Data appear Approximate Normal at 5% Significance Level

5% Shapiro Wilk Critical Value       0.943 Data Not Normal at 5% Significance Level

Lilliefors Test Statistic       0.11 Lilliefors GOF Test

Normal GOF Test on Detects Only

Shapiro Wilk Test Statistic       0.914 Shapiro Wilk GOF Test

Critical Values for Background Threshold Values (BTVs)

Tolerance Factor K (For UTL)       2.091 d2max (for USL)       2.906

Mean Detected       0.804 SD Detected       0.523

Mean of Detected Logged Data     -0.441 SD of Detected Logged Data       0.706

Maximum Detect       2.29 Maximum Non-Detect       0.201

Variance Detected       0.274 Percent Non-Detects       2.273%

Number of Distinct Detects      42 Number of Distinct Non-Detects       1

Minimum Detect       0.161 Minimum Non-Detect       0.201
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KM SD of Logged Data       0.716 95% KM UPL (Lognormal)       2.111

Statistics using KM estimates on Logged Data and Assuming Lognormal Distribution

KM Mean of Logged Data     -0.471 95% KM UTL (Lognormal)95% Coverage       2.794

99% Percentile (z)       3.375 95% USL       5.14

95% Bootstrap (%) UTL95% Coverage       2.253 95% UPL (t)       2.143

90% Percentile (z)       1.582 95% Percentile (z)       2.059

SD in Original Scale       0.526 SD in Log Scale       0.725

95% UTL95% Coverage       2.845 95% BCA UTL95% Coverage       2.253

Background Lognormal ROS Statistics Assuming Lognormal Distribution Using Imputed Non-Detects

Mean in Original Scale       0.789 Mean in Log Scale     -0.471

5% Lilliefors Critical Value       0.134 Detected Data appear Lognormal at 5% Significance Level

Detected Data appear Lognormal at 5% Significance Level

5% Shapiro Wilk Critical Value       0.943 Detected Data appear Lognormal at 5% Significance Level

Lilliefors Test Statistic      0.0968 Lilliefors GOF Test

Lognormal GOF Test on Detected Observations Only

Shapiro Wilk Test Statistic       0.959 Shapiro Wilk GOF Test

      1.886

95% KM Gamma Percentile       1.788       1.83 95% Gamma USL       3.18       3.447

95% Approx. Gamma UTL with 95% Coverage       2.22       2.316 95% Approx. Gamma UPL       1.838

The following statistics are computed using gamma distribution and KM estimates

Upper Limits using Wilson Hilferty (WH) and Hawkins Wixley (HW) Methods

     WH     HW      WH     HW

80% gamma percentile (KM)       1.171 90% gamma percentile (KM)       1.507

95% gamma percentile (KM)       1.827 99% gamma percentile (KM)       2.532

nu hat (KM)    203 nu star (KM)    190.5

theta hat (KM)       0.342 theta star (KM)       0.365

Variance (KM)       0.27 SE of Mean (KM)      0.0793

k hat (KM)       2.307 k star (KM)       2.165

Estimates of Gamma Parameters using KM Estimates

Mean (KM)       0.789 SD (KM)       0.52

      1.934

95% Gamma USL       3.286       3.591

95% Approx. Gamma UTL with 95% Coverage       2.277       2.389 95% Approx. Gamma UPL       1.877

The following statistics are computed using Gamma ROS Statistics on Imputed Data

Upper Limits using Wilson Hilferty (WH) and Hawkins Wixley (HW) Methods

     WH     HW      WH     HW

95% Percentile of Chisquare (2kstar)       9.682 90% Percentile       1.521

95% Percentile       1.851 99% Percentile       2.581

nu hat (MLE)    193.1 nu star (bias corrected)    181.3

MLE Mean (bias corrected)       0.788 MLE Sd (bias corrected)       0.549

k hat (MLE)       2.194 k star (bias corrected MLE)       2.06

Theta hat (MLE)       0.359 Theta star (bias corrected MLE)       0.382

Maximum       2.29 Median       0.718

SD       0.528 CV       0.67

For gamma distributed detected data, BTVs and UCLs may be computed using gamma distribution on KM estimates

Minimum       0.1 Mean       0.788
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   95% UPL (t)      27.36 95% Percentile (z)      26.95

Background Statistics Assuming Normal Distribution

   95% UTL with   95% Coverage      30.26 90% Percentile (z)      24.25

5% Lilliefors Critical Value       0.132 Data appear Normal at 5% Significance Level

Data appear Approximate Normal at 5% Significance Level

5% Shapiro Wilk Critical Value       0.944 Data Not Normal at 5% Significance Level

Lilliefors Test Statistic       0.105 Lilliefors GOF Test

Normal GOF Test

Shapiro Wilk Test Statistic       0.934 Shapiro Wilk GOF Test

Critical Values for Background Threshold Values (BTVs)

Tolerance Factor K (For UTL)       2.091 d2max (for USL)       2.906

Coefficient of Variation       0.504 Skewness       0.725

Mean of logged Data       2.557 SD of logged Data       0.537

Maximum      37.1 Third Quartile      20.13

Mean      14.73 SD       7.427

Minimum       4.99 First Quartile       7.55

Second Largest      30.5 Median      13.95

Nickel

General Statistics

Total Number of Observations      44 Number of Distinct Observations      44

Note: The use of USL tends to yield a conservative estimate of BTV, especially when the sample size starts exceeding 20.

Therefore, one may use USL to estimate a BTV only when the data set represents a background data set  free of outliers 

and consists of observations collected from clean unimpacted locations.

The use of USL tends to provide a balance between false positives and false negatives provided the data

represents a background data set and when many onsite observations need to be compared with the BTV.

95% USL       2.29 95% KM Chebyshev UPL       3.081

Approx, f used to compute achieved CC       2.316 Approximate Actual Confidence Coefficient achieved by UTL       0.895

Approximate Sample Size needed to achieve specified CC      59 95% UPL       1.985

Nonparametric Upper Limits for BTVs(no distinction made between detects and nondetects)

Order of Statistic, r      44 95% UTL with95% Coverage       2.29

DL/2 is not a Recommended Method. DL/2 provided for comparisons and historical reasons.

Nonparametric Distribution Free Background Statistics

Data appear to follow a Discernible Distribution at 5% Significance Level

90% Percentile (z)       1.617 95% Percentile (z)       2.125

99% Percentile (z)       3.547 95% USL       5.487

SD in Original Scale       0.528 SD in Log Scale       0.752

95% UTL95% Coverage       2.972 95% UPL (t)       2.215

Background DL/2 Statistics Assuming Lognormal Distribution

Mean in Original Scale       0.788 Mean in Log Scale     -0.483

95% KM Percentile Lognormal (z)       2.029 95% KM USL (Lognormal)       5.01
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Note: The use of USL tends to yield a conservative estimate of BTV, especially when the sample size starts exceeding 20.

Therefore, one may use USL to estimate a BTV only when the data set represents a background data set  free of outliers 

95% Chebyshev UPL      47.47 99% Percentile      34.26

   95% USL      37.1

   95% UPL      29.38 90% Percentile      23

90% Chebyshev UPL      37.27 95% Percentile      25.76

Approximate Sample Size needed to achieve specified CC      59

   95% Percentile Bootstrap UTL with   95% Coverage      36.11    95% BCA Bootstrap UTL with   95% Coverage      35.44

Order of Statistic, r      44    95% UTL with   95% Coverage      37.1

Approx, f used to compute achieved CC       2.316 Approximate Actual Confidence Coefficient achieved by UTL       0.895

Nonparametric Distribution Free Background Statistics

Data appear Approximate Normal at 5% Significance Level

Nonparametric Upper Limits for Background Threshold Values

   95% UPL (t)      32.17 95% Percentile (z)      31.23

   95% USL      61.52 99% Percentile (z)      45.05

Background Statistics assuming Lognormal Distribution

   95% UTL with   95% Coverage      39.69 90% Percentile (z)      25.69

5% Lilliefors Critical Value       0.132 Data appear Lognormal at 5% Significance Level

Data appear Approximate Lognormal at 5% Significance Level

5% Shapiro Wilk Critical Value       0.944 Data Not Lognormal at 5% Significance Level

Lilliefors Test Statistic       0.122 Lilliefors Lognormal GOF Test

Lognormal GOF Test

Shapiro Wilk Test Statistic       0.943 Shapiro Wilk Lognormal GOF Test

   95% HW Approx. Gamma UTL with   95% Coverage      35.46

   95% WH USL      46.46    95% HW USL      49.04

   95% Hawkins Wixley (HW) Approx. Gamma UPL      30.06 95% Percentile      29.21

   95% WH Approx. Gamma UTL with   95% Coverage      34.47 99% Percentile      38.17

Background Statistics Assuming Gamma Distribution

   95% Wilson Hilferty (WH) Approx. Gamma UPL      29.55 90% Percentile      25.03

MLE Mean (bias corrected)      14.73 MLE Sd (bias corrected)       7.684

Theta hat (MLE)       3.751 Theta star (bias corrected MLE)       4.008

nu hat (MLE)    345.6 nu star (bias corrected)    323.4

Gamma Statistics

k hat (MLE)       3.928 k star (bias corrected MLE)       3.675

5% K-S Critical Value       0.134 Detected data appear Gamma Distributed at 5% Significance Level

Detected data appear Gamma Distributed at 5% Significance Level

5% A-D Critical Value       0.753 Detected data appear Gamma Distributed at 5% Significance Level

K-S Test Statistic       0.116 Kolmogorov-Smirnov Gamma GOF Test

Gamma GOF Test

A-D Test Statistic       0.582 Anderson-Darling Gamma GOF Test

   95% USL      36.32 99% Percentile (z)      32.01
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Gamma Statistics on Detected Data Only

k hat (MLE)       1.715 k star (bias corrected MLE)       1.609

5% K-S Critical Value       0.139 Data Not Gamma Distributed at 5% Significance Level

Data Not Gamma Distributed at 5% Significance Level

5% A-D Critical Value       0.764 Data Not Gamma Distributed at 5% Significance Level

K-S Test Statistic       0.233 Kolmogorov-Smirnov GOF

Gamma GOF Tests on Detected Observations Only

A-D Test Statistic       2.781 Anderson-Darling GOF Test

99% Percentile (z)       2.338 95% USL       2.755

DL/2 is not a recommended method. DL/2 provided for comparisons and historical reasons

95% UTL95% Coverage       2.168 95% UPL (t)       1.886

90% Percentile (z)       1.585 95% Percentile (z)       1.847

DL/2 Substitution Background Statistics Assuming Normal Distribution

Mean       0.662 SD       0.72

99% KM Percentile (z)       2.316 95% KM USL       2.728

95% UTL95% Coverage       2.149 95% KM UPL (t)       1.872

90% KM Percentile (z)       1.574 95% KM Percentile (z)       1.832

Kaplan Meier (KM) Background Statistics Assuming Normal Distribution

KM Mean       0.665 KM SD       0.71

5% Lilliefors Critical Value       0.135 Data Not Normal at 5% Significance Level

Data Not Normal at 5% Significance Level

5% Shapiro Wilk Critical Value       0.942 Data Not Normal at 5% Significance Level

Lilliefors Test Statistic       0.313 Lilliefors GOF Test

Normal GOF Test on Detects Only

Shapiro Wilk Test Statistic       0.62 Shapiro Wilk GOF Test

Critical Values for Background Threshold Values (BTVs)

Tolerance Factor K (For UTL)       2.091 d2max (for USL)       2.906

Mean of Detected Logged Data     -0.69 SD of Detected Logged Data       0.73

Variance Detected       0.526 Percent Non-Detects       4.545%

Mean Detected       0.69 SD Detected       0.725

Minimum Detect       0.126 Minimum Non-Detect       0.136

Maximum Detect       3.3 Maximum Non-Detect       0.142

Number of Detects      42 Number of Non-Detects       2

Number of Distinct Detects      42 Number of Distinct Non-Detects       2

Total Number of Observations      44 Number of Missing Observations       0

Number of Distinct Observations      44

Selenium

General Statistics

represents a background data set and when many onsite observations need to be compared with the BTV.

and consists of observations collected from clean unimpacted locations.

The use of USL tends to provide a balance between false positives and false negatives provided the data
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Background Lognormal ROS Statistics Assuming Lognormal Distribution Using Imputed Non-Detects

5% Lilliefors Critical Value       0.135 Data Not Lognormal at 5% Significance Level

Data Not Lognormal at 5% Significance Level

5% Shapiro Wilk Critical Value       0.942 Data Not Lognormal at 5% Significance Level

Lilliefors Test Statistic       0.171 Lilliefors GOF Test

Lognormal GOF Test on Detected Observations Only

Shapiro Wilk Test Statistic       0.889 Shapiro Wilk GOF Test

      1.689

95% KM Gamma Percentile       1.642       1.633 95% Gamma USL       3.157       3.319

95% Approx. Gamma UTL with 95% Coverage       2.104       2.129 95% Approx. Gamma UPL       1.695

The following statistics are computed using gamma distribution and KM estimates

Upper Limits using Wilson Hilferty (WH) and Hawkins Wixley (HW) Methods

     WH     HW      WH     HW

80% gamma percentile (KM)       1.084 90% gamma percentile (KM)       1.601

95% gamma percentile (KM)       2.126 99% gamma percentile (KM)       3.363

nu hat (KM)      77.1 nu star (KM)      73.17

theta hat (KM)       0.759 theta star (KM)       0.799

Variance (KM)       0.504 SE of Mean (KM)       0.108

k hat (KM)       0.876 k star (KM)       0.832

Estimates of Gamma Parameters using KM Estimates

Mean (KM)       0.665 SD (KM)       0.71

      1.908

95% Gamma USL       3.594       4.057

95% Approx. Gamma UTL with 95% Coverage       2.323       2.476 95% Approx. Gamma UPL       1.838

The following statistics are computed using Gamma ROS Statistics on Imputed Data

Upper Limits using Wilson Hilferty (WH) and Hawkins Wixley (HW) Methods

     WH     HW      WH     HW

95% Percentile of Chisquare (2kstar)       6.667 90% Percentile       1.458

95% Percentile       1.864 99% Percentile       2.798

nu hat (MLE)    109.9 nu star (bias corrected)    103.7

MLE Mean (bias corrected)       0.659 MLE Sd (bias corrected)       0.607

k hat (MLE)       1.249 k star (bias corrected MLE)       1.179

Theta hat (MLE)       0.528 Theta star (bias corrected MLE)       0.559

Maximum       3.3 Median       0.438

SD       0.723 CV       1.096

This is especially true when the sample size is small.

For gamma distributed detected data, BTVs and UCLs may be computed using gamma distribution on KM estimates

Minimum      0.01 Mean       0.659

Gamma ROS Statistics using Imputed Non-Detects

GROS may not be used when data set has > 50% NDs with many tied observations at multiple DLs

GROS may not be used when kstar of detects is small such as <1.0, especially when the sample size is small (e.g., <15-20)

For such situations, GROS method may yield incorrect values of UCLs and BTVs

MLE Mean (bias corrected)       0.69

MLE Sd (bias corrected)       0.544 95% Percentile of Chisquare (2kstar)       8.188

Theta hat (MLE)       0.402 Theta star (bias corrected MLE)       0.429

nu hat (MLE)    144.1 nu star (bias corrected)    135.1
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Critical Values for Background Threshold Values (BTVs)

Mean of Detected Logged Data     -3.702 SD of Detected Logged Data       0.382

Variance Detected 1.7815E-4 Percent Non-Detects      47.73%

Mean Detected      0.0268 SD Detected      0.0133

Minimum Detect      0.0158 Minimum Non-Detect      0.0131

Maximum Detect      0.0773 Maximum Non-Detect      0.0167

Number of Detects      23 Number of Non-Detects      21

Number of Distinct Detects      23 Number of Distinct Non-Detects      14

Total Number of Observations      44 Number of Missing Observations       0

Number of Distinct Observations      35

Silver

General Statistics

Note: The use of USL tends to yield a conservative estimate of BTV, especially when the sample size starts exceeding 20.

Therefore, one may use USL to estimate a BTV only when the data set represents a background data set  free of outliers 

and consists of observations collected from clean unimpacted locations.

The use of USL tends to provide a balance between false positives and false negatives provided the data

represents a background data set and when many onsite observations need to be compared with the BTV.

95% USL       3.3 95% KM Chebyshev UPL       3.794

Approx, f used to compute achieved CC       2.316 Approximate Actual Confidence Coefficient achieved by UTL       0.895

Approximate Sample Size needed to achieve specified CC      59 95% UPL       2.928

Nonparametric Upper Limits for BTVs(no distinction made between detects and nondetects)

Order of Statistic, r      44 95% UTL with95% Coverage       3.3

DL/2 is not a Recommended Method. DL/2 provided for comparisons and historical reasons.

Nonparametric Distribution Free Background Statistics

Data do not follow a Discernible Distribution (0.05)

90% Percentile (z)       1.321 95% Percentile (z)       1.783

99% Percentile (z)       3.13 95% USL       5.052

SD in Original Scale       0.72 SD in Log Scale       0.826

95% UTL95% Coverage       2.577 95% UPL (t)       1.866

Background DL/2 Statistics Assuming Lognormal Distribution

Mean in Original Scale       0.662 Mean in Log Scale     -0.78

KM SD of Logged Data       0.761 95% KM UPL (Lognormal)       1.719

95% KM Percentile Lognormal (z)       1.648 95% KM USL (Lognormal)       4.304

Statistics using KM estimates on Logged Data and Assuming Lognormal Distribution

KM Mean of Logged Data     -0.753 95% KM UTL (Lognormal)95% Coverage       2.314

99% Percentile (z)       2.886 95% USL       4.543

95% Bootstrap (%) UTL95% Coverage       3.273 95% UPL (t)       1.769

90% Percentile (z)       1.275 95% Percentile (z)       1.694

SD in Original Scale       0.719 SD in Log Scale       0.782

95% UTL95% Coverage       2.401 95% BCA UTL95% Coverage       3.158

Mean in Original Scale       0.664 Mean in Log Scale     -0.759
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nu hat (MLE)    293.6 nu star (bias corrected)    274.9

MLE Mean (bias corrected)      0.0188 MLE Sd (bias corrected)      0.0106

k hat (MLE)       3.336 k star (bias corrected MLE)       3.124

Theta hat (MLE)     0.00563 Theta star (bias corrected MLE)     0.00601

Maximum      0.0773 Median      0.0159

SD      0.0128 CV       0.68

This is especially true when the sample size is small.

For gamma distributed detected data, BTVs and UCLs may be computed using gamma distribution on KM estimates

Minimum      0.01 Mean      0.0188

Gamma ROS Statistics using Imputed Non-Detects

GROS may not be used when data set has > 50% NDs with many tied observations at multiple DLs

GROS may not be used when kstar of detects is small such as <1.0, especially when the sample size is small (e.g., <15-20)

For such situations, GROS method may yield incorrect values of UCLs and BTVs

MLE Mean (bias corrected)      0.0268

MLE Sd (bias corrected)      0.0114 95% Percentile of Chisquare (2kstar)      19.7

Theta hat (MLE)     0.00425 Theta star (bias corrected MLE)     0.00486

nu hat (MLE)    289.9 nu star (bias corrected)    253.5

Gamma Statistics on Detected Data Only

k hat (MLE)       6.303 k star (bias corrected MLE)       5.51

5% K-S Critical Value       0.182 Detected data appear Gamma Distributed at 5% Significance Level

Detected data follow Appr. Gamma Distribution at 5% Significance Level

5% A-D Critical Value       0.746 Data Not Gamma Distributed at 5% Significance Level

K-S Test Statistic       0.152 Kolmogorov-Smirnov GOF

Gamma GOF Tests on Detected Observations Only

A-D Test Statistic       0.85 Anderson-Darling GOF Test

99% Percentile (z)      0.0492 95% USL      0.0571

DL/2 is not a recommended method. DL/2 provided for comparisons and historical reasons

95% UTL95% Coverage      0.046 95% UPL (t)      0.0407

90% Percentile (z)      0.0351 95% Percentile (z)      0.04

DL/2 Substitution Background Statistics Assuming Normal Distribution

Mean      0.0177 SD      0.0136

99% KM Percentile (z)      0.0473 95% KM USL      0.0541

95% UTL95% Coverage      0.0446 95% KM UPL (t)      0.0401

90% KM Percentile (z)      0.0352 95% KM Percentile (z)      0.0394

Kaplan Meier (KM) Background Statistics Assuming Normal Distribution

KM Mean      0.0203 KM SD      0.0116

5% Lilliefors Critical Value       0.18 Data Not Normal at 5% Significance Level

Data Not Normal at 5% Significance Level

5% Shapiro Wilk Critical Value       0.914 Data Not Normal at 5% Significance Level

Lilliefors Test Statistic       0.211 Lilliefors GOF Test

Normal GOF Test on Detects Only

Shapiro Wilk Test Statistic       0.718 Shapiro Wilk GOF Test

Tolerance Factor K (For UTL)       2.091 d2max (for USL)       2.906
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90% Percentile (z)      0.0326 95% Percentile (z)      0.0413

99% Percentile (z)      0.0644 95% USL      0.094

SD in Original Scale      0.0136 SD in Log Scale       0.652

95% UTL95% Coverage      0.0552 95% UPL (t)      0.0428

Background DL/2 Statistics Assuming Lognormal Distribution

Mean in Original Scale      0.0177 Mean in Log Scale     -4.26

KM SD of Logged Data       0.413 95% KM UPL (Lognormal)      0.037

95% KM Percentile Lognormal (z)      0.0362 95% KM USL (Lognormal)      0.0609

Statistics using KM estimates on Logged Data and Assuming Lognormal Distribution

KM Mean of Logged Data     -3.999 95% KM UTL (Lognormal)95% Coverage      0.0435

99% Percentile (z)      0.0587 95% USL      0.0818

95% Bootstrap (%) UTL95% Coverage      0.0723 95% UPL (t)      0.0411

90% Percentile (z)      0.0323 95% Percentile (z)      0.0398

SD in Original Scale      0.013 SD in Log Scale       0.572

95% UTL95% Coverage      0.0513 95% BCA UTL95% Coverage      0.0712

Background Lognormal ROS Statistics Assuming Lognormal Distribution Using Imputed Non-Detects

Mean in Original Scale      0.0185 Mean in Log Scale     -4.165

5% Lilliefors Critical Value       0.18 Detected Data appear Lognormal at 5% Significance Level

Detected Data appear Approximate Lognormal at 5% Significance Level

5% Shapiro Wilk Critical Value       0.914 Data Not Lognormal at 5% Significance Level

Lilliefors Test Statistic       0.122 Lilliefors GOF Test

Lognormal GOF Test on Detected Observations Only

Shapiro Wilk Test Statistic       0.902 Shapiro Wilk GOF Test

     0.0374

95% KM Gamma Percentile      0.0369      0.0367 95% Gamma USL      0.0566      0.0574

95% Approx. Gamma UTL with 95% Coverage      0.0432      0.0432 95% Approx. Gamma UPL      0.0376

The following statistics are computed using gamma distribution and KM estimates

Upper Limits using Wilson Hilferty (WH) and Hawkins Wixley (HW) Methods

     WH     HW      WH     HW

80% gamma percentile (KM)      0.0291 90% gamma percentile (KM)      0.0364

95% gamma percentile (KM)      0.0432 99% gamma percentile (KM)      0.058

nu hat (KM)    269.7 nu star (KM)    252.6

theta hat (KM)     0.00663 theta star (KM)     0.00708

Variance (KM) 1.3479E-4 SE of Mean (KM)     0.00179

k hat (KM)       3.064 k star (KM)       2.871

Estimates of Gamma Parameters using KM Estimates

Mean (KM)      0.0203 SD (KM)      0.0116

     0.0392

95% Gamma USL      0.0633      0.0654

95% Approx. Gamma UTL with 95% Coverage      0.0461      0.0466 95% Approx. Gamma UPL      0.0391

The following statistics are computed using Gamma ROS Statistics on Imputed Data

Upper Limits using Wilson Hilferty (WH) and Hawkins Wixley (HW) Methods

     WH     HW      WH     HW

95% Percentile of Chisquare (2kstar)      12.96 90% Percentile      0.033

95% Percentile      0.0389 99% Percentile      0.0518
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5% K-S Critical Value       0.133 Detected data appear Gamma Distributed at 5% Significance Level

Detected data appear Gamma Distributed at 5% Significance Level

5% A-D Critical Value       0.75 Detected data appear Gamma Distributed at 5% Significance Level

K-S Test Statistic      0.0924 Kolmogorov-Smirnov Gamma GOF Test

Gamma GOF Test

A-D Test Statistic       0.594 Anderson-Darling Gamma GOF Test

   95% UPL (t)       0.338 95% Percentile (z)       0.334

   95% USL       0.436 99% Percentile (z)       0.389

Background Statistics Assuming Normal Distribution

   95% UTL with   95% Coverage       0.37 90% Percentile (z)       0.304

5% Lilliefors Critical Value       0.132 Data Not Normal at 5% Significance Level

Data Not Normal at 5% Significance Level

5% Shapiro Wilk Critical Value       0.944 Data Not Normal at 5% Significance Level

Lilliefors Test Statistic       0.146 Lilliefors GOF Test

Normal GOF Test

Shapiro Wilk Test Statistic       0.834 Shapiro Wilk GOF Test

Critical Values for Background Threshold Values (BTVs)

Tolerance Factor K (For UTL)       2.091 d2max (for USL)       2.906

Mean of logged Data     -1.674 SD of logged Data       0.349

Mean       0.2 SD      0.0813

Coefficient of Variation       0.407 Skewness       2.07

Second Largest       0.424 Median       0.181

Maximum       0.532 Third Quartile       0.231

Total Number of Observations      44 Number of Distinct Observations      40

Minimum      0.0968 First Quartile       0.145

Thallium

General Statistics

Note: The use of USL tends to yield a conservative estimate of BTV, especially when the sample size starts exceeding 20.

Therefore, one may use USL to estimate a BTV only when the data set represents a background data set  free of outliers 

and consists of observations collected from clean unimpacted locations.

The use of USL tends to provide a balance between false positives and false negatives provided the data

represents a background data set and when many onsite observations need to be compared with the BTV.

95% USL      0.0773 95% KM Chebyshev UPL      0.0715

Approx, f used to compute achieved CC       2.316 Approximate Actual Confidence Coefficient achieved by UTL       0.895

Approximate Sample Size needed to achieve specified CC      59 95% UPL      0.0424

Nonparametric Upper Limits for BTVs(no distinction made between detects and nondetects)

Order of Statistic, r      44 95% UTL with95% Coverage      0.0773

DL/2 is not a Recommended Method. DL/2 provided for comparisons and historical reasons.

Nonparametric Distribution Free Background Statistics

Data appear to follow a Discernible Distribution at 5% Significance Level
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Total Number of Observations      44 Number of Distinct Observations      41

represents a background data set and when many onsite observations need to be compared with the BTV.

Vanadium

General Statistics

Note: The use of USL tends to yield a conservative estimate of BTV, especially when the sample size starts exceeding 20.

Therefore, one may use USL to estimate a BTV only when the data set represents a background data set  free of outliers 

and consists of observations collected from clean unimpacted locations.

The use of USL tends to provide a balance between false positives and false negatives provided the data

95% Chebyshev UPL       0.558 99% Percentile       0.486

   95% USL       0.532

   95% UPL       0.393 90% Percentile       0.276

90% Chebyshev UPL       0.447 95% Percentile       0.299

Approximate Sample Size needed to achieve specified CC      59

   95% Percentile Bootstrap UTL with   95% Coverage       0.497    95% BCA Bootstrap UTL with   95% Coverage       0.497

Order of Statistic, r      44    95% UTL with   95% Coverage       0.532

Approx, f used to compute achieved CC       2.316 Approximate Actual Confidence Coefficient achieved by UTL       0.895

Nonparametric Distribution Free Background Statistics

Data appear Gamma Distributed at 5% Significance Level

Nonparametric Upper Limits for Background Threshold Values

   95% UPL (t)       0.34 95% Percentile (z)       0.333

   95% USL       0.518 99% Percentile (z)       0.423

Background Statistics assuming Lognormal Distribution

   95% UTL with   95% Coverage       0.389 90% Percentile (z)       0.293

5% Lilliefors Critical Value       0.132 Data appear Lognormal at 5% Significance Level

Data appear Lognormal at 5% Significance Level

5% Shapiro Wilk Critical Value       0.944 Data appear Lognormal at 5% Significance Level

Lilliefors Test Statistic      0.067 Lilliefors Lognormal GOF Test

Lognormal GOF Test

Shapiro Wilk Test Statistic       0.969 Shapiro Wilk Lognormal GOF Test

   95% HW Approx. Gamma UTL with   95% Coverage       0.379

   95% WH USL       0.474    95% HW USL       0.482

   95% Hawkins Wixley (HW) Approx. Gamma UPL       0.336 95% Percentile       0.334

   95% WH Approx. Gamma UTL with   95% Coverage       0.377 99% Percentile       0.409

Background Statistics Assuming Gamma Distribution

   95% Wilson Hilferty (WH) Approx. Gamma UPL       0.336 90% Percentile       0.298

MLE Mean (bias corrected)       0.2 MLE Sd (bias corrected)      0.0735

Theta hat (MLE)      0.0252 Theta star (bias corrected MLE)      0.027

nu hat (MLE)    697.8 nu star (bias corrected)    651.5

Gamma Statistics

k hat (MLE)       7.929 k star (bias corrected MLE)       7.404
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5% Lilliefors Critical Value       0.132 Data appear Lognormal at 5% Significance Level

Data appear Lognormal at 5% Significance Level

5% Shapiro Wilk Critical Value       0.944 Data appear Lognormal at 5% Significance Level

Lilliefors Test Statistic       0.105 Lilliefors Lognormal GOF Test

Lognormal GOF Test

Shapiro Wilk Test Statistic       0.974 Shapiro Wilk Lognormal GOF Test

   95% HW Approx. Gamma UTL with   95% Coverage      40.39

   95% WH USL      51.1    95% HW USL      53.18

   95% Hawkins Wixley (HW) Approx. Gamma UPL      35.15 95% Percentile      34.4

   95% WH Approx. Gamma UTL with   95% Coverage      39.56 99% Percentile      43.23

Background Statistics Assuming Gamma Distribution

   95% Wilson Hilferty (WH) Approx. Gamma UPL      34.7 90% Percentile      30.21

MLE Mean (bias corrected)      19.24 MLE Sd (bias corrected)       8.2

Theta hat (MLE)       3.267 Theta star (bias corrected MLE)       3.496

nu hat (MLE)    518.2 nu star (bias corrected)    484.2

Gamma Statistics

k hat (MLE)       5.889 k star (bias corrected MLE)       5.502

5% K-S Critical Value       0.134 Detected data appear Gamma Distributed at 5% Significance Level

Detected data appear Gamma Distributed at 5% Significance Level

5% A-D Critical Value       0.752 Detected data appear Gamma Distributed at 5% Significance Level

K-S Test Statistic      0.0792 Kolmogorov-Smirnov Gamma GOF Test

Gamma GOF Test

A-D Test Statistic       0.194 Anderson-Darling Gamma GOF Test

   95% UPL (t)      32.7 95% Percentile (z)      32.26

   95% USL      42.26 99% Percentile (z)      37.66

Background Statistics Assuming Normal Distribution

   95% UTL with   95% Coverage      35.8 90% Percentile (z)      29.39

5% Lilliefors Critical Value       0.132 Data appear Normal at 5% Significance Level

Data appear Normal at 5% Significance Level

5% Shapiro Wilk Critical Value       0.944 Data appear Normal at 5% Significance Level

Lilliefors Test Statistic      0.0996 Lilliefors GOF Test

Normal GOF Test

Shapiro Wilk Test Statistic       0.961 Shapiro Wilk GOF Test

Critical Values for Background Threshold Values (BTVs)

Tolerance Factor K (For UTL)       2.091 d2max (for USL)       2.906

Mean of logged Data       2.869 SD of logged Data       0.436

Mean      19.24 SD       7.921

Coefficient of Variation       0.412 Skewness       0.654

Second Largest      34.6 Median      17.65

Maximum      41.8 Third Quartile      24.65

Minimum       6.28 First Quartile      13.78
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   95% UPL (t)      85.35 95% Percentile (z)      83.99

   95% USL    115.1 99% Percentile (z)    100.8

Background Statistics Assuming Normal Distribution

   95% UTL with   95% Coverage      94.98 90% Percentile (z)      75.05

5% Lilliefors Critical Value       0.132 Data Not Normal at 5% Significance Level

Data Not Normal at 5% Significance Level

5% Shapiro Wilk Critical Value       0.944 Data Not Normal at 5% Significance Level

Lilliefors Test Statistic       0.179 Lilliefors GOF Test

Normal GOF Test

Shapiro Wilk Test Statistic       0.863 Shapiro Wilk GOF Test

Critical Values for Background Threshold Values (BTVs)

Tolerance Factor K (For UTL)       2.091 d2max (for USL)       2.906

Mean of logged Data       3.633 SD of logged Data       0.528

Mean      43.49 SD      24.62

Coefficient of Variation       0.566 Skewness       1.268

Second Largest    107 Median      34.85

Maximum    110 Third Quartile      56.45

Total Number of Observations      44 Number of Distinct Observations      43

Minimum      14.8 First Quartile      27.7

represents a background data set and when many onsite observations need to be compared with the BTV.

Zinc

General Statistics

Note: The use of USL tends to yield a conservative estimate of BTV, especially when the sample size starts exceeding 20.

Therefore, one may use USL to estimate a BTV only when the data set represents a background data set  free of outliers 

and consists of observations collected from clean unimpacted locations.

The use of USL tends to provide a balance between false positives and false negatives provided the data

95% Chebyshev UPL      54.15 99% Percentile      38.7

   95% USL      41.8

   95% UPL      34.48 90% Percentile      29.64

90% Chebyshev UPL      43.27 95% Percentile      33.71

Approximate Sample Size needed to achieve specified CC      59

   95% Percentile Bootstrap UTL with   95% Coverage      40.72    95% BCA Bootstrap UTL with   95% Coverage      40.72

Order of Statistic, r      44    95% UTL with   95% Coverage      41.8

Approx, f used to compute achieved CC       2.316 Approximate Actual Confidence Coefficient achieved by UTL       0.895

Nonparametric Distribution Free Background Statistics

Data appear Normal at 5% Significance Level

Nonparametric Upper Limits for Background Threshold Values

   95% UPL (t)      36.96 95% Percentile (z)      36.08

   95% USL      62.51 99% Percentile (z)      48.55

Background Statistics assuming Lognormal Distribution

   95% UTL with   95% Coverage      43.82 90% Percentile (z)      30.8
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Note: The use of USL tends to yield a conservative estimate of BTV, especially when the sample size starts exceeding 20.

Therefore, one may use USL to estimate a BTV only when the data set represents a background data set  free of outliers 

and consists of observations collected from clean unimpacted locations.

95% Chebyshev UPL    152 99% Percentile    108.7

   95% USL    110

   95% UPL    105.5 90% Percentile      77.79

90% Chebyshev UPL    118.2 95% Percentile      99.29

Approximate Sample Size needed to achieve specified CC      59

   95% Percentile Bootstrap UTL with   95% Coverage    109.6    95% BCA Bootstrap UTL with   95% Coverage    107

Order of Statistic, r      44    95% UTL with   95% Coverage    110

Approx, f used to compute achieved CC       2.316 Approximate Actual Confidence Coefficient achieved by UTL       0.895

Nonparametric Distribution Free Background Statistics

Data appear Approximate Gamma Distribution at 5% Significance Level

Nonparametric Upper Limits for Background Threshold Values

   95% UPL (t)      92.84 95% Percentile (z)      90.17

   95% USL    175.6 99% Percentile (z)    129.2

Background Statistics assuming Lognormal Distribution

   95% UTL with   95% Coverage    114.1 90% Percentile (z)      74.43

5% Lilliefors Critical Value       0.132 Data appear Lognormal at 5% Significance Level

Data appear Lognormal at 5% Significance Level

5% Shapiro Wilk Critical Value       0.944 Data appear Lognormal at 5% Significance Level

Lilliefors Test Statistic       0.102 Lilliefors Lognormal GOF Test

Lognormal GOF Test

Shapiro Wilk Test Statistic       0.965 Shapiro Wilk Lognormal GOF Test

   95% HW Approx. Gamma UTL with   95% Coverage    105.3

   95% WH USL    139.9    95% HW USL    146.2

   95% Hawkins Wixley (HW) Approx. Gamma UPL      89.07 95% Percentile      87.41

   95% WH Approx. Gamma UTL with   95% Coverage    103.2 99% Percentile    114.8

Background Statistics Assuming Gamma Distribution

   95% Wilson Hilferty (WH) Approx. Gamma UPL      88.21 90% Percentile      74.67

MLE Mean (bias corrected)      43.49 MLE Sd (bias corrected)      23.25

Theta hat (MLE)      11.63 Theta star (bias corrected MLE)      12.43

nu hat (MLE)    329 nu star (bias corrected)    307.9

Gamma Statistics

k hat (MLE)       3.738 k star (bias corrected MLE)       3.498

5% K-S Critical Value       0.134 Data Not Gamma Distributed at 5% Significance Level

Detected data follow Appr. Gamma Distribution at 5% Significance Level

5% A-D Critical Value       0.753 Detected data appear Gamma Distributed at 5% Significance Level

K-S Test Statistic       0.134 Kolmogorov-Smirnov Gamma GOF Test

Gamma GOF Test

A-D Test Statistic       0.615 Anderson-Darling Gamma GOF Test
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   95% HW Approx. Gamma UTL with   95% Coverage       3.598

   95% WH USL       4.312    95% HW USL       4.429

   95% Hawkins Wixley (HW) Approx. Gamma UPL       3.244 95% Percentile       3.193

   95% WH Approx. Gamma UTL with   95% Coverage       3.545 99% Percentile       3.797

Background Statistics Assuming Gamma Distribution

   95% Wilson Hilferty (WH) Approx. Gamma UPL       3.212 90% Percentile       2.897

MLE Mean (bias corrected)       2.063 MLE Sd (bias corrected)       0.628

Theta hat (MLE)       0.178 Theta star (bias corrected MLE)       0.191

nu hat (MLE)   1018 nu star (bias corrected)    950.1

Gamma Statistics

k hat (MLE)      11.57 k star (bias corrected MLE)      10.8

5% K-S Critical Value       0.133 Detected data appear Gamma Distributed at 5% Significance Level

Detected data appear Gamma Distributed at 5% Significance Level

5% A-D Critical Value       0.748 Detected data appear Gamma Distributed at 5% Significance Level

K-S Test Statistic       0.123 Kolmogorov-Smirnov Gamma GOF Test

Gamma GOF Test

A-D Test Statistic       0.538 Anderson-Darling Gamma GOF Test

   95% UPL (t)       3.043 95% Percentile (z)       3.011

   95% USL       3.737 99% Percentile (z)       3.403

Background Statistics Assuming Normal Distribution

   95% UTL with   95% Coverage       3.268 90% Percentile (z)       2.801

5% Lilliefors Critical Value       0.132 Data appear Normal at 5% Significance Level

Data appear Normal at 5% Significance Level

5% Shapiro Wilk Critical Value       0.944 Data appear Normal at 5% Significance Level

Lilliefors Test Statistic       0.106 Lilliefors GOF Test

Normal GOF Test

Shapiro Wilk Test Statistic       0.973 Shapiro Wilk GOF Test

Critical Values for Background Threshold Values (BTVs)

Tolerance Factor K (For UTL)       2.091 d2max (for USL)       2.906

Mean of logged Data       0.68 SD of logged Data       0.313

Mean       2.063 SD       0.576

Coefficient of Variation       0.279 Skewness     -0.178

Second Largest       3.1 Median       2.11

Maximum       3.14 Third Quartile       2.478

Total Number of Observations      44 Number of Distinct Observations      36

Minimum       0.755 First Quartile       1.623

Radium-226 & 228

General Statistics

represents a background data set and when many onsite observations need to be compared with the BTV.

The use of USL tends to provide a balance between false positives and false negatives provided the data
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represents a background data set and when many onsite observations need to be compared with the BTV.

Note: The use of USL tends to yield a conservative estimate of BTV, especially when the sample size starts exceeding 20.

Therefore, one may use USL to estimate a BTV only when the data set represents a background data set  free of outliers 

and consists of observations collected from clean unimpacted locations.

The use of USL tends to provide a balance between false positives and false negatives provided the data

95% Chebyshev UPL       4.603 99% Percentile       3.123

   95% USL       3.14

   95% UPL       3.035 90% Percentile       2.747

90% Chebyshev UPL       3.811 95% Percentile       2.837

Approximate Sample Size needed to achieve specified CC      59

   95% Percentile Bootstrap UTL with   95% Coverage       3.134    95% BCA Bootstrap UTL with   95% Coverage       3.1

Order of Statistic, r      44    95% UTL with   95% Coverage       3.14

Approx, f used to compute achieved CC       2.316 Approximate Actual Confidence Coefficient achieved by UTL       0.895

Nonparametric Distribution Free Background Statistics

Data appear Normal at 5% Significance Level

Nonparametric Upper Limits for Background Threshold Values

   95% UPL (t)       3.361 95% Percentile (z)       3.304

   95% USL       4.903 99% Percentile (z)       4.089

Background Statistics assuming Lognormal Distribution

   95% UTL with   95% Coverage       3.799 90% Percentile (z)       2.949

5% Lilliefors Critical Value       0.132 Data appear Lognormal at 5% Significance Level

Data appear Approximate Lognormal at 5% Significance Level

5% Shapiro Wilk Critical Value       0.944 Data Not Lognormal at 5% Significance Level

Lilliefors Test Statistic       0.125 Lilliefors Lognormal GOF Test

Lognormal GOF Test

Shapiro Wilk Test Statistic       0.939 Shapiro Wilk Lognormal GOF Test
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Thallium      44       0      0.0968       0.532       0.2       0.181     0.00661      0.0813      0.0638       2.07       0.407

      2.696       0.499     0.0268      0.0235 1.7815E-4      0.0133     0.00815Silver      23       0      0.0158      0.0773

      2.54       1.051      0.69       0.459       0.526       0.725       0.199Selenium      42       0       0.126       3.3

      0.725       0.504     14.73      13.95      55.17       7.427       9.348Nickel      44       0       4.99      37.1

      2.554       0.542

Molybdenum      43       0       0.161       2.29       0.804       0.72       0.274       0.523       0.532       0.995       0.651

     0.0507      0.0434 7.5498E-4      0.0275      0.0156Mercury      37       0      0.0235       0.165

      1.108       0.507

Lithium      44       0       1.94      17       8.562       9.01      22.12       4.703       6.568       0.174       0.549

     13.09      11.95      44.11       6.642       5.367Lead      44       0       4.01      30.8

      1.265       0.462     10.42       8.955      23.17       4.814       2.936Copper      44       0       4.61      23.3

      1.227       0.37

Cobalt      44       0       1.44      16.1       9.295       9.015      13.44       3.666       3.632     -0.119       0.394

     13.18      12.1      23.74       4.872       4.67Chromium      44       0       6.4      31.2

      2.364       1.101

Calcium      44       0    164 137000  17943   5005 9.440E+8  30725   6791       2.536       1.712

      0.114      0.0771      0.0158       0.126      0.0535Cadmium      37       0      0.013       0.587

      0.801       0.541

Boron      29       0       1.55      10.7       4.107       3.73       5.543       2.354       2.535       1.058       0.573

      1.085       0.97       0.345       0.587       0.623Beryllium      44       0       0.235       2.86

      1.015       0.504

Barium      44       0      20    231      91.22      86.2   3038      55.12      55.89       0.808       0.604

      5.593       4.95       7.944       2.818       2.513Arsenic      44       0       1.61      13.7

Antimony      40       0      0.04       0.33       0.157       0.169     0.00562      0.075      0.0882       0.151       0.479

General Statistics for Raw Data Sets using Detected Data Only

Variable NumObs # Missing Minimum Maximum Mean Median Var SD MAD/0.675 Skewness CV

Radium-226 & 228      44       0      44       0   0.00%     N/A        N/A          2.063       0.332       0.576       0.279

      7.921       0.412

Zinc      44       0      44       0   0.00%     N/A        N/A         43.49    606.3      24.62       0.566

  0.00%     N/A        N/A         19.24      62.74Vanadium      44       0      44       0

Thallium      44       0      44       0   0.00%     N/A        N/A          0.2     0.00661      0.0813       0.407

     0.0116       0.571  47.73%      0.0131      0.0167      0.0203 1.3479E-4Silver      44       0      23      21

      0.71       1.068  4.55%       0.136       0.142       0.665       0.504Selenium      44       0      42       2

      7.427       0.504  0.00%     N/A        N/A         14.73      55.17Nickel      44       0      44       0

     0.0267       0.565

Molybdenum      44       0      43       1   2.27%       0.201       0.201       0.789       0.27       0.52       0.658

  15.91%     0.00855       0.104      0.0472 7.1197E-4Mercury      44       0      37       7

      6.642       0.507

Lithium      44       0      44       0   0.00%     N/A        N/A          8.562      22.12       4.703       0.549

  0.00%     N/A        N/A         13.09      44.11Lead      44       0      44       0

      4.814       0.462  0.00%     N/A        N/A         10.42      23.17Copper      44       0      44       0

      4.872       0.37

Cobalt      44       0      44       0   0.00%     N/A        N/A          9.295      13.44       3.666       0.394

  0.00%     N/A        N/A         13.18      23.74Chromium      44       0      44       0

      0.119       1.195

Calcium      44       0      44       0   0.00%     N/A        N/A     17943 9.440E+8  30725       1.712

  15.91%      0.0117      0.0594      0.0993      0.0141Cadmium      44       0      37       7

      0.587       0.541

Boron      44       0      29      15   34.09%       1.28       1.65       3.148       5.307       2.304       0.732

  0.00%     N/A        N/A          1.085       0.345Beryllium      44       0      44       0

      2.818       0.504

Barium      44       0      44       0   0.00%     N/A        N/A         91.22   3038      55.12       0.604

  0.00%     N/A        N/A          5.593       7.944Arsenic      44       0      44       0

Antimony      44       0      40       4   9.09%      0.0351      0.0402       0.145     0.0062      0.0787       0.541

From File: 2020-0512_HAI-Bkg Soil ProUCL Input_c.xls

General Statistics for Censored Data Set (with NDs) using Kaplan Meier Method

Variable NumObs # Missing Num Ds NumNDs % NDs Min ND Max ND KM Mean KM Var KM SD KM CV

From File   2020-0512_HAI-Bkg Soil ProUCL Input_c.xls

Full Precision   OFF

General Statistics on Uncensored Data

Date/Time of Computation   ProUCL 5.15/12/2020 3:05:17 PM

User Selected Options
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Radium-226 & 228      44       0       1.393       1.558       1.623       2.11       2.478       2.6       2.747       2.837       3.123

     33.71      38.7

Zinc      44       0      18.74      23.36      27.7      34.85      56.45      59.38      77.79      99.29    108.7

     13.78      17.65      24.65      25.32      29.64Vanadium      44       0       9.98      12.28

Thallium      44       0       0.128       0.138       0.145       0.181       0.231       0.251       0.276       0.299       0.486

     0.0367      0.0631     0.0155      0.0165      0.0239      0.026      0.0315Silver      44       0      0.0147      0.0151

      2.274       3.223      0.314       0.438       0.582       0.674       1.492Selenium      44       0       0.207       0.268

     25.76      34.26      7.55      13.95      20.13      20.54      23Nickel      44       0       5.974       7.35

      0.104       0.144

Molybdenum      44       0       0.228       0.27       0.359       0.718       1.07       1.158       1.479       1.804       2.183

     0.0341      0.0431      0.0558      0.0588      0.0714Mercury      44       0      0.0269      0.033

     27.68      29.77

Lithium      44       0       2.81       3.772       4.24       9.01      12.05      13.3      14.95      15.74      16.7

      8.345      11.95      14.65      17.08      24.43Lead      44       0       5.639       8.094

     20.32      23.17      7.145       8.955      11.9      13.3      17.45Copper      44       0       5.651       7.086

     19.81      27.24

Cobalt      44       0       5.811       6.348       6.768       9.015      11.93      12.24      14.17      15.48      16.06

     10.45      12.1      15.7      16.5      19.07Chromium      44       0       7.428       9.636

      0.375       0.516

Calcium      44       0    419.1    632    809.8   5005  17925  20680  48300  91000 123240

     0.0337      0.0762      0.0872       0.104       0.246Cadmium      44       0      0.0242      0.0292

      2.13       2.555

Boron      44       0       1.443       1.494       1.558       2.135       4.105       4.754       6.911       7.461       9.659

      0.644       0.97       1.468       1.51       1.821Beryllium      44       0       0.371       0.589

     10.54      13.31

Barium      44       0      25.73      46.64      48.6      86.2    123.3    137    151.2    196.1    230.6

      3.378       4.95       6.983       7.792       9.235Arsenic      44       0       2.818       3.26

Antimony      44       0      0.0407      0.0559      0.0859       0.148       0.211       0.226       0.242       0.252       0.313

Percentiles using all Detects (Ds) and Non-Detects (NDs)

Variable NumObs # Missing 10%ile 20%ile 25%ile(Q1) 50%ile(Q2) 75%ile(Q3) 80%ile 90%ile 95%ile 99%ile

Radium-226 & 228      44       0       0.755       3.14       2.063       2.11       0.332       0.576       0.704     -0.178       0.279

      0.654       0.412

Zinc      44       0      14.8    110      43.49      34.85    606.3      24.62      17.05       1.268       0.566

     19.24      17.65      62.74       7.921       9.266Vanadium      44       0       6.28      41.8
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From File   2020-0512_HAI-Bkg Soil ProUCL Input_c.xls

Full Precision   OFF

Outlier Tests for Selected Variables excluding nondetects

User Selected Options

Date/Time of Computation   ProUCL 5.15/12/2020 3:06:04 PM

Rosner's Outlier Test for 1 Outliers in Antimony

Number of data   40

Number of suspected outliers   1

NDs not included in the following:

Number Detects      40

Mean of Detects       0.157

SD of Detects      0.075

Total N      44

Number NDs       4

Critical

# Mean sd outlier Number value value (5%) value (1%)

Potential Obs. Test Critical

Total N      44

Number NDs       0

For 1% Significance Level, there is no Potential Outlier 

Rosner's Outlier Test for 1 Outliers in Arsenic

      2.343       3.04       3.38

For 5% Significance Level, there is no Potential Outlier 

1       0.157      0.074       0.33       8

Potential Obs. Test Critical

Number of data   44

Number of suspected outliers   1

NDs not included in the following:

Number Detects      44

Mean of Detects       5.593

SD of Detects       2.818

For 1% Significance Level, there is no Potential Outlier 

      2.909       3.08       3.43

For 5% Significance Level, there is no Potential Outlier 

1       5.593       2.786      13.7      10

Critical

# Mean sd outlier Number value value (5%) value (1%)
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Rosner's Outlier Test for 1 Outliers in Barium

Number of data   44

Number of suspected outliers   1

NDs not included in the following:

Number Detects      44

Mean of Detects      91.22

SD of Detects      55.12

Total N      44

Number NDs       0

Critical

# Mean sd outlier Number value value (5%) value (1%)

Potential Obs. Test Critical

Total N      44

Number NDs       0

For 1% Significance Level, there is no Potential Outlier 

Rosner's Outlier Test for 1 Outliers in Beryllium

      2.565       3.08       3.43

For 5% Significance Level, there is no Potential Outlier 

1      91.22      54.49    231      42

Potential Obs. Test Critical

Number of data   44

Number of suspected outliers   1

NDs not included in the following:

Number Detects      44

Mean of Detects       1.085

SD of Detects       0.587

For 1% Significance Level, there is no Potential Outlier 

Rosner's Outlier Test for 1 Outliers in Boron

      3.058       3.08       3.43

For 5% Significance Level, there is no Potential Outlier 

1       1.085       0.581       2.86      11

Critical

# Mean sd outlier Number value value (5%) value (1%)

Number Detects      29

Mean of Detects       4.107

Total N      44

Number NDs      15
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Number of data   29

Number of suspected outliers   1

NDs not included in the following:

SD of Detects       2.354

Critical

# Mean sd outlier Number value value (5%) value (1%)

Potential Obs. Test Critical

Total N      44

Number NDs       7

For 1% Significance Level, there is no Potential Outlier 

Rosner's Outlier Test for 1 Outliers in Cadmium

      2.85       2.89       3.22

For 5% Significance Level, there is no Potential Outlier 

1       4.107       2.313      10.7       3

Potential Obs. Test Critical

Number of data   37

Number of suspected outliers   1

NDs not included in the following:

Number Detects      37

Mean of Detects       0.114

SD of Detects       0.126

Therefore, Observation 0.587 is a Potential Statistical Outlier

For 1% Significance Level, there is 1 Potential Outlier

      3.818       3       3.34

For 5% Significance Level, there is 1 Potential Outlier

1       0.114       0.124       0.587      20

Critical

# Mean sd outlier Number value value (5%) value (1%)

SD of Detects  30725

Number of data   44

Number of suspected outliers   1

Number NDs       0

Number Detects      44

Mean of Detects  17943

Rosner's Outlier Test for 1 Outliers in Calcium

Total N      44

Critical

NDs not included in the following:

Potential Obs. Test Critical
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# Mean sd outlier Number value value (5%) value (1%)

Rosner's Outlier Test for 1 Outliers in Chromium

Total N      44

Therefore, Observation 137000 is a Potential Statistical Outlier

For 1% Significance Level, there is 1 Potential Outlier

      3.92       3.08       3.43

For 5% Significance Level, there is 1 Potential Outlier

1  17943  30374 137000      13

NDs not included in the following:

Potential Obs. Test Critical

SD of Detects       4.872

Number of data   44

Number of suspected outliers   1

Number NDs       0

Number Detects      44

Mean of Detects      13.18

Therefore, Observation 31.2 is a Potential Statistical Outlier

For 1% Significance Level, there is 1 Potential Outlier

      3.742       3.08       3.43

For 5% Significance Level, there is 1 Potential Outlier

1      13.18       4.816      31.2      15

Critical

# Mean sd outlier Number value value (5%) value (1%)

SD of Detects       3.666

Number of data   44

Number of suspected outliers   1

Number NDs       0

Number Detects      44

Mean of Detects       9.295

Rosner's Outlier Test for 1 Outliers in Cobalt

Total N      44

Critical

# Mean sd outlier Number value value (5%) value (1%)

NDs not included in the following:

Potential Obs. Test Critical

      2.168       3.08       3.43

For 5% Significance Level, there is no Potential Outlier 

1       9.295       3.624       1.44      39
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Total N      44

Number NDs       0

For 1% Significance Level, there is no Potential Outlier 

Rosner's Outlier Test for 1 Outliers in Copper

Potential Obs. Test Critical

Number of data   44

Number of suspected outliers   1

NDs not included in the following:

Number Detects      44

Mean of Detects      10.42

SD of Detects       4.814

For 1% Significance Level, there is no Potential Outlier 

      2.708       3.08       3.43

For 5% Significance Level, there is no Potential Outlier 

1      10.42       4.759      23.3      27

Critical

# Mean sd outlier Number value value (5%) value (1%)

Total N      44

Number NDs       0

Rosner's Outlier Test for 1 Outliers in Lead

Potential Obs. Test Critical

Number of data   44

Number of suspected outliers   1

NDs not included in the following:

Number Detects      44

Mean of Detects      13.09

SD of Detects       6.642

For 1% Significance Level, there is no Potential Outlier 

Rosner's Outlier Test for 1 Outliers in Lithium

      2.697       3.08       3.43

For 5% Significance Level, there is no Potential Outlier 

1      13.09       6.566      30.8      15

Critical

# Mean sd outlier Number value value (5%) value (1%)

Total N      44
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Number of data   44

Number of suspected outliers   1

NDs not included in the following:

Number Detects      44

Mean of Detects       8.562

SD of Detects       4.703

Number NDs       0

Critical

# Mean sd outlier Number value value (5%) value (1%)

Potential Obs. Test Critical

For 1% Significance Level, there is no Potential Outlier 

      1.815       3.08       3.43

For 5% Significance Level, there is no Potential Outlier 

1       8.562       4.65      17       9

Rosner's Outlier Test for 1 Outliers in Mercury

Total N      44

NDs not included in the following:

Potential Obs. Test Critical

SD of Detects      0.0275

Number of data   37

Number of suspected outliers   1

Number NDs       7

Number Detects      37

Mean of Detects      0.0507

Therefore, Observation 0.165 is a Potential Statistical Outlier

For 1% Significance Level, there is 1 Potential Outlier

      4.218       3       3.34

For 5% Significance Level, there is 1 Potential Outlier

1      0.0507      0.0271       0.165       7

Critical

# Mean sd outlier Number value value (5%) value (1%)

SD of Detects       0.523

Number of data   43

Number of suspected outliers   1

Number NDs       1

Number Detects      43

Mean of Detects       0.804

Rosner's Outlier Test for 1 Outliers in Molybdenum

Total N      44



381

382

383

384

385

386

387

388

389

390

391

392

393

394

395

396

397

398

399

400

401

402

403

404

405

406

407

408

409

410

411

412

434

435

436

437

438

439

440

441

442

443

444

445

446

447

448

449

450

A B C D E F G H I J K L

Critical

# Mean sd outlier Number value value (5%) value (1%)

NDs not included in the following:

Potential Obs. Test Critical

Total N      44

Number NDs       0

For 1% Significance Level, there is no Potential Outlier 

Rosner's Outlier Test for 1 Outliers in Nickel

      2.873       3.07       3.41

For 5% Significance Level, there is no Potential Outlier 

1       0.804       0.517       2.29      32

Potential Obs. Test Critical

Number of data   44

Number of suspected outliers   1

NDs not included in the following:

Number Detects      44

Mean of Detects      14.73

SD of Detects       7.427

For 1% Significance Level, there is no Potential Outlier 

      3.046       3.08       3.43

For 5% Significance Level, there is no Potential Outlier 

1      14.73       7.343      37.1      36

Critical

# Mean sd outlier Number value value (5%) value (1%)

Total N      44

Number NDs       2

Rosner's Outlier Test for 1 Outliers in Selenium

Potential Obs. Test Critical

Number of data   42

Number of suspected outliers   1

NDs not included in the following:

Number Detects      42

Mean of Detects       0.69

SD of Detects       0.725

      3.642       3.06       3.4

For 5% Significance Level, there is 1 Potential Outlier

1       0.69       0.717       3.3       1

Critical

# Mean sd outlier Number value value (5%) value (1%)
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Therefore, Observation 3.3 is a Potential Statistical Outlier

For 1% Significance Level, there is 1 Potential Outlier

10% critical value: 0.374

5% critical value: 0.421

1% critical value: 0.505

Note: NDs excluded from Outlier Test

Dixon's Outlier Test for Silver

Total N = 44

Number NDs = 21

Number Detects = 23

Test Statistic: 0.033

For 10% significance level, 0.0158 is not an outlier.

For 5% significance level, 0.0158 is not an outlier.

For 1% significance level, 0.0158 is not an outlier.

For 5% significance level, 0.0773 is an outlier.

For 1% significance level, 0.0773 is an outlier.

2. Data Value 0.0158 is a Potential Outlier (Lower Tail)?

1.  Data Value 0.0773 is a Potential Outlier (Upper Tail)?

Test Statistic: 0.666

For 10% significance level, 0.0773 is an outlier. 

Total N      44

Number NDs       0

Rosner's Outlier Test for 1 Outliers in Thallium

Potential Obs. Test Critical

Number of data   44

Number of suspected outliers   1

NDs not included in the following:

Number Detects      44

Mean of Detects       0.2

SD of Detects      0.0813

      4.13       3.08       3.43

For 5% Significance Level, there is 1 Potential Outlier

1       0.2      0.0804       0.532      41

Critical

# Mean sd outlier Number value value (5%) value (1%)
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Therefore, Observation 0.532 is a Potential Statistical Outlier

For 1% Significance Level, there is 1 Potential Outlier

SD of Detects       7.921

Number of data   44

Number of suspected outliers   1

Number NDs       0

Number Detects      44

Mean of Detects      19.24

Rosner's Outlier Test for 1 Outliers in Vanadium

Total N      44

Critical

# Mean sd outlier Number value value (5%) value (1%)

NDs not included in the following:

Potential Obs. Test Critical

Total N      44

Number NDs       0

For 1% Significance Level, there is no Potential Outlier 

Rosner's Outlier Test for 1 Outliers in Zinc

      2.882       3.08       3.43

For 5% Significance Level, there is no Potential Outlier 

1      19.24       7.83      41.8      20

Potential Obs. Test Critical

Number of data   44

Number of suspected outliers   1

NDs not included in the following:

Number Detects      44

Mean of Detects      43.49

SD of Detects      24.62

For 1% Significance Level, there is no Potential Outlier 

      2.732       3.08       3.43

For 5% Significance Level, there is no Potential Outlier 

1      43.49      24.34    110      10

Critical

# Mean sd outlier Number value value (5%) value (1%)

Rosner's Outlier Test for 1 Outliers in Radium-226 & 228
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Total N      44

Number NDs       0

Potential Obs. Test Critical

Number of data   44

Number of suspected outliers   1

NDs not included in the following:

Number Detects      44

Mean of Detects       2.063

SD of Detects       0.576

For 1% Significance Level, there is no Potential Outlier 

      2.297       3.08       3.43

For 5% Significance Level, there is no Potential Outlier 

1       2.063       0.57       0.755      32

Critical

# Mean sd outlier Number value value (5%) value (1%)
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APPENDIX C 
 

SURFACE WATER DILUTION ATTENUATION FACTOR 
 
 
This appendix describes the evaluation of the magnitude of dilution effects resulting from the mixing of 
groundwater that may flow from beneath the Ash Pond Complex (APC) area (including the Ash Pond A, 
Ash Pond E, Middle Pond A, Bottom Ash Pond, and Stilling Ponds B, C, and D) to surface water in the 
Cumberland River (Figure C‐1), and describes the development of a dilution attenuation factor (DAF) 
between groundwater and surface water.   
 

 
Figure C‐1: The extent of the Ash Pond Complex (blue shaded area) and the North Rail Loop Landfill Area 
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Historically the constituents from the CCR material introduced into the APC area could be sorbed onto 
native aquifer solids along the flow pathways of the groundwater.  Currently the planned closure 
strategy involves removal of CCR material from the APC area through excavation, potential excavation of 
an additional one foot of native soils, and the area regraded with imported clean soils.  The excavation 
will result in a depression area below the typical stage of the Cumberland River (approximately elevation 
+445 feet Mean Sea Level [MSL]).  The extent of the depression area in the APC is shown in Figure C‐2.    
 

 
Figure C‐2: The approximate extent of the Ash Pond Complex (blue line) and the anticipated future 

ponded area (gray area) where the surface elevation after excavation is expected to be below elevation 
+445 feet MSL. 

 
Surface water inputs, such as precipitation in the APC area, runoff from areas adjacent to the APC, and 
potential groundwater seepage into the APC area are expected to result in water in the ponded area 
shown in Figure C‐2.  The future surface water elevation in the ponded area following excavation is 
expected to be similar to the stage of the Cumberland River (approximately +455 feet MSL) because 
water heads observed in the permeable hydraulic trough area (Figure C‐2), adjacent to the northern side 
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of the APC,  have been similar to the river elevation (TVA, 2017).  Since the water level in the ponded 
area in the APC is expected to closely resemble the river stage, the ponded area can be assumed to 
behave like the river, acting as a sink for groundwater in the vicinity of the APC.      
 
The Cumberland River is considered the dominant regional surface water feature in the region.  It is a 
regional groundwater divide and a gaining stream (i.e., groundwater flows into the riverbed along its 
course).  Groundwater at the GAF and surrounding vicinity is expected to flow towards the River. 
 
After CCR material excavation, CCR constituents previously adsorbed onto post‐excavation native 
aquifer solids could become a secondary constituent source to groundwater.  The anticipated primary 
driving force responsible for constituent transport from the post‐excavation aquifer solids to the River in 
the future (following excavation) is water movement through the groundwater flow pathway due to 
groundwater recharge resulting from surface infiltration and runoff in the vicinity of the APC area.   
 
Previous characterizations (TVA, 2017) indicate limited communication between water in the ash ponds 
and groundwater beneath the ponds because the removal of ponded water from Ash Pond E did not 
result in the lowering of groundwater levels surrounding Ash Pond E.  In addition, a hydrologic water 
balance study was conducted for the APC to assess whether there is a significant net imbalance of the 
water coming in and out of the APC (TVA, 2019).  One primary goal of the study was to evaluate whether 
significant leakage of surface water in the APC occurred during the operation from January 2017 to June 
2017.  Based on two different measurement methods of inflow, the study determined a leakage rate 
between 0 and 2.08 million gallons per day (mgd), or 3.2 cubic feet per second (cfs), might occur during 
the study period.  It is expected that the magnitude of the average water flow rate through the post‐
excavation native aquifer solids under the future APC conditions will be much less pronounced than the 
high‐end leakage rate (2.08 mgd) estimated in 2017, because no process water input to the APC in the 
future.  It has also been observed that, when the flow from the APC was eliminated, limited changes in 
groundwater levels occurred.  This finding will be included in the Final Environmental Assessment 
Report.                    
 
The main shallow groundwater flow unit in the APC area is the Carters Limestone Aquifer, which overlies 
Lebanon Limestone Aquifer.  Note that karst type features were found at the site and are especially 
prevalent in the north and northwest reaches of the site.  Because of the presence of the karst features, 
aquifer permeability is expected to be very heterogenous.  The magnitude of groundwater flow 
estimated using the observed hydraulic gradients and an assumed hydraulic conductivity field is 
expected to be subject to great uncertainty.   
 
Estimation of Dilution and Attenuation Effects 
 
The surface water dilution/attenuation factor (SW‐DAF) is a factor that describes the mixing effects on 
constituent concentration anticipated in a surface water body that receives constituents from 
groundwater discharge.  Since the Cumberland River nearly surrounds the GAF and is considered the 
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ultimate discharge end point for CCR‐derived constituents in groundwater from the Ash Pond Complex, 
the site‐specific SW‐DAF can be estimated using the following formulas. 
 

SW‐DAF = QR ÷ QIA                  (1) 
 
where QR is the estimated representative river flow rate under low flow conditions and QIA is the 
estimated net infiltration (or groundwater recharge) rate over the APC area together with potential 
runoff and groundwater recharge from areas outside the APC.   
 
1. 𝑸𝑹 – Flow of the Cumberland River near the Gallatin Fossil Plant 

 
The Gallatin Fossil Plant is located on the north bank of the Cumberland River, approximately 24 miles 
upstream in the backwater of the Old Hickory Dam (Figure C‐3).  The Old Hickory Dam is used for “run of 
the river” type hydroelectric generation, regulating discharge to maximize flow through the turbines and 
to maintain a uniform upstream pool level rather than for storing water in a large reservoir (USACE, 
2020a).  Two upstream dams do impound reservoirs: the Cordell Dam on the Cumberland River and the 
Center Hill Dam on the Caney Branch River.  The Old Hickory and Cordell Dams have associated shipping 
locks. 

 
Flow of the Cumberland River at GAF is primarily controlled by operation of these three dams.  Figure 
C‐4 shows the results of a 1‐D hydrothermal flow model for a dry period followed by a flood event in 
2018 (TVA, 2020).  Although the effects of all three dams are seen, flow at GAF is similar to discharge at 
the Old Hickory Dam.  

 
This high degree of engineered storage and flow regulation throughout the Cumberland River watershed 
has the effect of dampening the effects of extreme events such as droughts and floods.  Because of this, 
recurrence interval statistics are less representative for establishing low‐flow conditions. Instead, results 
from the hydrothermal flow model are used. 
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Figure C‐3: Configuration of dams and reservoirs affecting river flow at the Gallatin Fossil Plant (from 

https://www.usgs.gov/core‐science‐systems/national‐geospatial‐program/national‐map) 
 

 
Figure C‐4: 1‐D Flow Model for the Cumberland River at GAF in September 2018 for a dry period 
(TVA, 2020).  
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Low flow conditions occur during hot, dry summer months.  During such times, hydroelectric power is 
used to meet peak demand in the late afternoon with corresponding episodic releases from the Center 
Hill and Cordell Hull Dams while a more constant flow is maintained at the Old Hickory Dam.  Table C‐1 
shows the precipitation data collected at Lebanon, Tennessee (9 miles away from the site) between 
2000 and 2020.  The month of September in 2019 is a drought month with the lowest September 
precipitation for the past 20 years.  Results from the flow models during normal dam operations and a 
drought period in September 2019 can be considered as a representative low flow case (Figure C‐5).  
The lowest average daily flow during this modeling period (9/21/2019 – 10/6/2019) is approximately 
3000 cubic feet per second (cfs).  This estimated low flow number is comparable with the historical 
discharge rate data collected at the Old Hickory Dam between 1979 and 2006 (Figure C‐6).  Therefore, 
3000 cfs is selected as a representative 𝑸𝑹 for the Cumberland River at the plant location.  
 
Note that the National Pollutant Discharge Elimination System (NPDES) permit for the plant estimated a 
1Q10 low flow rate of 544.2 mgd (= 840 cfs) for the River.  This low flow rate is significantly lower than 
the historical flow rates measured at the Old Hickory Dam downstream (Figure C‐6).  This 1Q10 flow rate 
can serve as a very conservative estimate of the 𝑸𝑹 for the Cumberland River at the plant location.  As a 
reference for the comparison to the above low flow estimates, the USACE reports the mean daily flow of 
8,359 cfs for the River near the plant (USACE, 2020).       

 
 

Table C‐1: Monthly Total Precipitation for Lebanon, Tennessee between 2000 and 2020                             
(data source: https://w2.weather.gov/climate/xmacis.php?wfo=ohx) 
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Figure C‐5: Results from the 1‐D flow model representative of low flow conditions in 2019 (TVA, 2020).  

 
 

 
Figure C‐6: Historical data of the Cumberland River daily discharge rate measured at Old Hickory Dam.      

(data source: https://waterdata.usgs.gov/nwis) 
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2. 𝑸𝑰𝑨 – Infiltration and Runoffs into the APC Area  
 

As described above, the magnitude of groundwater flow estimated using the observed hydraulic 
gradients and an assumed hydraulic conductivity field is expected to be subject to great uncertainty.  
However, the following general characteristics of groundwater flow and surface water flow interactions 
can be expected:  
 

 Because the water level in the ponded area will closely resemble the river stage, the ponded area 
is assumed to behave like the River, acting as a sink for groundwater in the vicinity of the APC.  
 

 Precipitation on the ponded area becomes part of surface water and is expected to have 
negligible interaction with the post‐excavation aquifer solids in the subsurface.  

 

 Precipitation outside the ponded area but within the APC (see the white area in Figure C‐7), if not 
evaporated, is expected to become groundwater recharge percolating through the post‐
excavation aquifer solids that may have been impacted by CCR leachate in the past (Figure C‐8).    

    

 Precipitation on the North Loop Landfill area (Figure C‐7) will be collected as runoff and 
transferred to the APC. 
 

 Runoff originated from the areas outside and north of the APC (See numbered arrows 1 through 5  
in Figure C‐7, referred to here as “runoff streams”) can be approximated using the StreamStat tool 
developed by the United States Geological Survey (USGS) (https://streamstats.usgs.gov/ss/).  Note 
that a karst system and a hydraulic trough feature were found north of the APC.  The 
hydrogeologic characterization data suggest that relatively high permeability and interconnectivity 
of the water bearing zones and the River (TVA, 2017; Figure C‐8).  The runoff streams 2 through 5 
are considered as sinking streams, ending at sinkholes; therefore, they are expected to drain into 
the karst feature and flow through the hydraulic trough feature directly to the River before 
reaching the APC, unless there is too much runoff to drain through the karst system, which results 
in overflow and reaches the APC.  As a conservative measure for the DAF estimate, the 
contributions of runoff streams 1 to 5 are assumed to reach the APC.   
 

 Groundwater flow north of the APC will not interact with the aquifer solids beneath the APC 
because this groundwater flow is expected to be intercepted by the hydraulic trough, which 
directs the groundwater flow to the River (Figure C‐8).  
       

 Precipitation on the area south of the APC can also result in runoff and groundwater recharge, 
which may subsequently flow toward the APC.  The USGS StreamStats tool was used to delineate 
the drainage units (Figure C‐7).  The yellow shaded drainage units are not likely to contribute 
water to flow through the post‐excavation aquifer solids in the APC because (1) these units are 
partly covered by the Hermitage Formation and T‐3 bentonite, which appear to considerably limit 
vertical infiltration of water (TVA, 2017), (2) runoff originated from these units are expected to 
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migrate directly toward the Cumberland River, and (3) groundwater flow in this area likely flow 
east, west, or south to the proximity to the River.  To the contrary, although the purple area may 
also be covered by the Hemitage Formation and T3‐bentonite, the resulting runoff may travel to 
surface karst features or where the low permeability cover soils is eroded, thereby becoming 
groundwater recharge and flowing toward the APC (Figure C‐8).             

 

 
Figure C‐7: Schematics of conceptual water contribution sources in the vicinity of the APC.  The gray area 
is the expected ponded area and the white area are the expected non‐ponded area under future APC 
conditions.  Runoff streams north of the APC are denoted by numbered arrows.  The North Rail Loop 

Landfill area is expected to contribute runoff to the APC.  The yellow area denotes various drainage units 
that are not likely to contribute surface and groundwater to the APC.  The purple area denotes to the 
drainage units that may contribute groundwater recharge through the southern side of the APC.  The 

water balance along the conceptual vertical cross‐section A‐A’ is illustrated in Figure C‐8.       
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Figure C‐8: Conceptual vertical cross section view of water migration pathways in the vicinity of the APC 
under the future APC conditions.  
 

 
Infiltration Rate due to Direct Precipitation into the APC  
The average annual precipitation in the vicinity of the plant is approximately 53 inches (TVA, 2017).  The 
low‐end estimated fraction of precipitation lost to evapotranspiration in the non‐ponded area is 
approximately 50% (or 26.5 inches of average annual precipitation) (Figure C‐9).  The 
evaporation/evapotranspiration rate of the future ponded area is likely to be above 30 inches per year 
(Figure C‐10).  Therefore, conservatively assuming an average of 26 inches lost to 
evaporation/evapotranspiration annually and the rest of annual precipitation becomes groundwater 
recharge, which is approximately 27 inches (or 2.25 feet) annually.  
 
The size of the non‐ponded APC area (see the white area in Figure C‐7) is approximately 13 x 106 square 
feet.  Thus, the average annual groundwater recharge due to precipitation into the APC is 29 x 106 cubic 
feet per year (= 13 x 106 square feet x 2.25 feet annual infiltration) or 0.93 cfs.  Note that, it is expected 
that a significant portion of precipitation not evaporated may directly flow to the ponded area in the 
form of runoff.  Therefore, the method above to estimate the amount of water that may interact with 
the post‐excavation aquifer solids through precipitation in the APC is representative of the average 
annual groundwater recharge rate in the APC area.                      
 
Runoff Transfer from the North Rail Loop Landfill Area 
The size of the North Rail Loop Landfill area (see the area outlined in red in Figure C‐7) is approximately 
2.2 x 106 square feet.  Assuming that 50% of precipitation that is not lost through evapotranspiration 
becomes runoff, which is subsequently captured by the surface drainage system for the area and then 
transferred to the APC, the average annual flow rate transferred to the APC is 5.0 x 106 cubic feet per 
year (= 2.2 x 106 square feet x 2.25 feet of precipitation [i.e., 50% of precipitation]) or 0.16 cfs. This 
estimated annual flow rate is 5.5 times higher than the amount of surface drainage for the area (= 0.9 x 
106 cubic feet per year) estimated using stormwater modeling for the period between January 2017 and 
June 2017, as part of the water balance study reported (TVA , 2019).  The comparison suggests that the 
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average annual runoff flow of 5.0 x 106 cubic feet per year or 0.16 cfs estimated here be conservative.  
All runoff water transferred to the APC is conservatively assumed to percolate through the post‐
excavation aquifer solids in the APC.  
  
    

 
Figure C‐9: Estimated Mean Annual Ratio of Actual Evapotranspiration (ET) to Precipitation (P)               

for the Conterminous U.S. for the Period 1971‐2000 (Sanford, W.E. and Selnick, 2013).                                               
(data source: https://onlinelibrary.wiley.com/doi/full/10.1111/jawr.12010) 

 

 
Figure C‐10: Mean annual lake evaporation in the conterminous United States, 1946‐55. (data source: 

https://serc.carleton.edu/integrate/teaching_materials/food_supply/student_materials/905) 
 

 
 
Potential Runoff Contribution from Areas North of the APC 
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Based on the USGS StreamStat tool, five potential offsite runoff sources that may contribute water to 
the north of the APC are identified, as shown in Figure C‐7.  The StreamStat tool also produces various 
types of flow estimates that may be representative for each offsite runoff source based on their 
respective drainage area.  The summer mean flow rate estimated by the tool is considered suitable for 
the purpose of this evaluation because of our interest in the period of the low flow conditions for the 
River.  The results of the estimates are summarized in Table C‐2.  The total runoff rate is estimated to be 
1.6 cfs. As described above, Runoff streams 2 through 5 are not likely to reach the APC because the karst 
and hydraulic trough features are present north of the APC.  These streams are included to 
conservatively estimate the overall runoff input to the APC from the northern side.  All runoff water is 
assumed to reach APC and percolate through the post‐ excavation aquifer solids in the APC.   
 

Table C‐2. Potential Offsite Runoff Contribution to the APC Area using StreamStat  

Runoff Source  Estimated Summer Mean Flow Rate (cubic feet per second or cfs) 

No. 1  1.3 

No. 2  0.13 

No. 3  0.01 

No. 4  0.03 

No. 5  0.08 

Total  1.6 

 
Potential Contribution from South of the APC 
Precipitation on the purple area in Figure C‐7 can contribute water to the APC.  Although the purple area 
may be covered with impermeable soils, the resulting runoff may travel to nearby surface karst features 
or where the low permeability cover soils is eroded, thereby becoming groundwater recharge and 
flowing toward the APC (Figure C‐8). The size of the purple area is approximately 13 x 106 square feet.  
The average annual groundwater recharge is estimated to be 29 x 106 cubic feet per year (= 13 x 106 

square feet x 2.25 feet annual infiltration [50% of annual precipitation]) or 0.93 cfs.                   
 
Overall QIA 
In summary, the average annual flow of the water that may pass through post‐excavation aquifer solids 
in the APC is 3.6 cfs, which is the sum of the contributions from the following sources: precipitation 
inside the APC (0.93 cfs), runoff from the North Rail Loop Landfill area (0.16 cfs), Runoff inputs from the  
north of the APC (1.6 cfs), and the groundwater recharge input from the southern side of the APC (0.93 
cfs.  

 
3. SW‐DAF for the Cumberland River 
 
Based on the values of QR and QIA estimated above, two Surface Water Dilution Attenuation Factors that 
representative of low flow conditions of the Cumberland River are estimated. The first one is based on 
the QR value of 3000 cfs, which was obtained using the 1‐D hydrothermal flow model results for a low flow 
period in 2019:  
 



Tennessee Valley Authority 
GAF Risk‐Based Closure Evaluation – Appendix C  
August 2020 
Appendix C 
Page 13 
 
 

 

𝑆𝑊 െ 𝐷𝐴𝐹 ൌ
𝑄ோ
𝑄ூ

ൌ
3000 𝑐𝑓𝑠

3.6 𝑐𝑓𝑠
ൌ 𝟖𝟑𝟎 

 
This SW‐DAF value is a conservative (in terms of overestimating) estimate of groundwater discharge under 
the low flow conditions of the Cumberland River.  
 
The second SW‐DAF estimate is based on the QR value of 840 cfs, which is the 1Q10 value used in the plant 
NPDES permit: 

 

𝑆𝑊 െ 𝐷𝐴𝐹 ൌ
𝑄ோ
𝑄ூ

ൌ
840 𝑐𝑓𝑠
3.6 𝑐𝑓𝑠

ൌ 𝟐𝟑𝟎 

 
This SW‐DAF value reflects the very low flow conditions of the Cumberland River and is a very conservative 
estimate.  
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1.0 PURPOSE AND SCOPE  

This is an Interim Source Removal (ISR) Plan that addresses TVA’s process for removal of coal 

combustion residuals (CCR) at locations where it is converting former ash disposal units to other 

industrial uses.  The ISR Plan describes source removal activities and quality assurance activities in 

a general manner. Details such as planned limits of excavation, observation/verification point 

frequencies, personnel qualifications and forms of documentation will be established by the joint 

project team within project-specific Construction Quality Assurance (CQA) Plans.   

The sequence of actions and compliance criteria for source removal within a CCR Unit are: 

1. Establish geo-referenced 100-ft by 100-ft quality control (QC) grids that, as appropriate, 

will be further stratified by sections of inflow, middle and outflow (Section 2.1).   

   

2. Excavate until visually observing the project area to be free of CCR (Section 2.2). 

 

3. Perform composite soil sampling in accordance with the appropriate TVA Technical 

Instructions (TI) (Section 2.3).   

 

4. Perform laboratory analysis for CCR Parameters (CCR Rule Appendix III [excluding anions] 

& IV, & Tennessee Department of Environment & Conservation (TDEC) Appendix I - copper, 

nickel, silver, vanadium, and zinc) and percent ash on the composite soil samples and 

related field and laboratory quality control samples in accordance with the ISR Quality 

Assurance Project Plan (QAPP) (Section 2.4).   

5. Evaluate laboratory data quality in accordance with the TVA ISR QAPP.  This involves 

comparing Level II verified laboratory results for the relevant CCR constituents to 

calculated site-specific soil screening levels (SSLs) (Section 2.5).  The site-specific SSL 

calculations will be performed as specified in Section 4.8.5 of the November 2018 USEPA 

Regional Screening Levels (RSLs) - User's Guide (USEPA 2018).  Results also will be compared 

to 95% Upper Tolerance Limits (UTLs) for nearby background soils, and to EPA’s generic soil-

to-water RSLs as described in the User’s Guide. The percent ash results will serve as an 

additional confirmation of source removal, and also will be examined to evaluate the 

strengths of any relationships with individual CCR constituents that could be useful in future 

investigations. 

6. If exposed soils exceed site-specific SSLs, over-excavate a minimum of 6 inches up to a 

maximum of one additional foot of native soil and re-sample for CCR constituents (Section 

2.6).  

7. Validated data (Level IV data packages) will be utilized in statistical analyses and, if 

needed, in any human health and ecological risk assessments (Section 2.7) performed 

under the 2015 TDEC Multisite Order. 
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2.0 SOURCE REMOVAL  

Descriptions of ISR project personnel roles and associated responsibilities in addition to those 

presented in the CQA Plan are presented in the ISR QAPP.   

The steps outlined below will be used to confirm CCR source removal sufficient to satisfy project-

specific design criteria.  

 

2.1 ESTABLISH GEO-REFERENCED QUALITY CONTROL GRID 

The Contractor will establish a GPS-referenced 100-ft by 100-ft QC grid across the project area 

where accumulated CCR is present.  If needed, these areas will be further stratified by sections of 

inflow, middle and outflow, which will be determined as appropriate for each site.   

 

2.2 CCR REMOVAL 

The Contractor will remove CCR in manageable portions of the project area such that the cleared 

area visually appears to be free of any non-native discolored areas or CCR deposits.   

• The removal of CCR materials from the designated area(s) and the determination of non-

CCR material shall be field-verified by visual observation and documented by the CQA 

team with photographs in the project records. The absence of CCR materials shall be 

determined by color and consistency of the exposed surface materials.  

• Materials predominantly black or gray in color shall be deemed CCR materials, removed, 

and placed in designated areas for subsequent final disposal.  Materials predominantly 

red or brown in color shall be deemed native soils and will be analyzed.  If necessary, these 

areas will be considered cleared for over-excavation.  

• A member of the CQA Team shall provide a one-foot by one-foot template to place at 

the center point of each grid.  The template area should be photographed and geo-

referenced with a hand-held GPS or similar device.  

If the excavation encounters outcrop or pinnacles of bedrock, the Contractor will physically 

remove CCR materials from around those areas to the extent possible.  If such features occur at 

a QC grid cell previously randomly-selected for sampling, the sampling will move to another 

adjacent grid cell and that change will be documented by the CQA team on red-lined drawings.   

 

2.3  COMPOSITE SOIL SAMPLING 

After source removal, sampling of the soil at the QC grid cells will use stratified (e.g. 

biased/weighted) random sampling methods performed in accordance with appropriate and 
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applicable TVA TIs and site-specific ISR QAPPs for analysis of CCR constituents and percentage of 

ash in native soils.  Employing random stratified sampling recognizes the potential for differences 

in conditions due to the nature of settling ponds; therefore, the work area(s) may be divided into 

distinct sections such as inflow area, middle area, and outflow area.    

As described in the TI, each selected grid cell will be subdivided into four quadrants.  One 

composite sample will be collected that is comprised of equal portions of four representative grab 

samples from each quadrant (i.e., a four-point composite from each quadrant). 

In accordance with the ISR QAPP and TVA TIs, collected composite samples and the associated 

field QC samples will be thermally preserved, packaged, and transported to the contracted 

laboratories for analysis.   

If a random grid cell selected for sampling has saturated soils, samples will be collected from either 

a drier area within that QC cell or from an adjacent, drier cell.  If this occurs TVA will red-line the 

grid provided to indicate where samples were taken, in the same manner as documentation of 

changes due to encountering rock outcroppings or pinnacles.  

GPS coordinates will be recorded for each grab sample used to form a composite sample. 

The frequency of the stratified random sampling of the QC grid cells for analysis of CCR Parameters 

and percentage of ash will be conducted as discussed in the following sections. 

2.3.1 Sample Collection for analysis of CCR Parameters 

Ten percent of the 100-ft by 100-ft QC grid cells will be sampled for analysis of CCR constituents in 

accordance with the TVA TIs.  The sampling frequency within each area (e.g., inflow, middle, and 

outflow) will be proportional to the number of grids within that area. 

2.3.2 Sample Collection for analysis of Percent Ash  

Twenty percent of the 100-ft by 100-ft QC grid cells will be sampled for microscopic analysis of 

percentage of ash in accordance with the TVA TIs.  The twenty percent of the grids sampled for 

percent ash analysis will include all grid cells sampled for CCR constituents. The sampling 

frequency within a section will be proportional to the number of grids within that section. 

 

2.4 SAMPLE ANALYSIS 

The collected soil samples will be shipped to the contracted laboratories for the analysis of CCR 

constituents and percentage of ash in soil in accordance with the ISR QAPP.   

 

The percentage of ash will be analyzed by appropriate industry-standard polarized light 

microscopy (PLM) methods.   
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2.5 RESULTS EVALUATION  

The analytical results for CCR constituents will be subjected to Level 2 data quality verification and 

Level 4 data validation assessments.  Results will be compared against the following criteria:  

• Site-specific 95% Upper Tolerance Limits (UTLS) for background soil concentrations,  

• Site-specific SSLs calculated using the procedures and soil-to-water partition coefficients 

described in section 4.8 of the November, 2018 USEPA Regional Screening Levels (RSLs) - 

User's Guide (https://www.epa.gov/risk/regional-screening-levels-rsls-users-guide).   

 

• EPA’s published generic Regional Screening Levels for soil-to-groundwater. 

Calculated site-specific SSLs are based on either published drinking water Maximum Contaminant 

Levels (MCLs) or Protective Risk-based Groundwater concentrations (PRGs), taking into 

consideration exposure routes, dilution/attenuation factors specific to the situation being 

evaluated, and planned future site use (in this case, industrial). 

The percent ash results will serve as an additional confirmation of source removal, and also will be 

examined to evaluate the strengths of any relationships with individual CCR constituents that 

could be useful in future investigations. 

2.6 OVER-EXCAVATION  

If a grid cell composite sample from the visually-clean surface does not meet site SSLs for CCR 

constituent concentrations, the native soil in the impoundment will be over-excavated by a 

minimum of 6 inches up to a maximum of one additional foot, and any QC grids that did not 

meet site SSLs will be re-sampled for CCR constituents.  TDEC will be consulted for field 

verification prior to over-excavation.   

Ground elevations after over-excavation will be documented via a field survey.  The Contractor 

shall proceed with fill placement in a QC grid cell area after approval by the CQA Manager. 

2.7 DATA VALIDATION  

Level II data packages used for implementation decisions will be followed by Level IV data 

packages and data validation in accordance with the ISR QAPP.  Validated data will be utilized 

in statistical analyses and, if needed, in human health and ecological risk assessments. 

3.0 QUALITY ASSURANCE ACTIVITIES 

The CQA Manager shall be responsible for CQA activities as discussed in the CQA Plan.  

Additionally, the following ISR-based QA activities shall be performed in accordance with relevant 

TIs and the ISR QAPP.    

https://www.epa.gov/risk/regional-screening-levels-rsls-users-guide
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3.1 QUALITY ASSURANCE PROJECT PLAN  

Samples will be collected, handled, transported, and analyzed in accordance with the ISR QAPP 

and relevant TVA TIs.   

3.2 FIELD EQUIPMENT DECONTAMINATION  

Equipment decontamination will be performed as directed by the CQA Plan.  Manually powered 

field equipment will be decontaminated between sample events and locations in accordance 

with appropriate TVA TIs.  Heavy equipment will be decontaminated, and documentation 

maintained, in accordance with applicable TIs and relevant best management practices (i.e. 

excavator buckets to be sprayed with water to remove accumulated materials between removal 

of CCR and over-excavation of native soils).   

 

 

 

 

4.0 REFERENCES 
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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 Gallatin Fossil Plant (GAF or Site) of the Tennessee Valley 

Authority (TVA), located in Gallatin, Tennessee.  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  
GAF is a fossil-fueled, steam-electric generating plant operated by TVA that has four 

coal-fired generating units.  It is located south of Gallatin, Sumner County, Tennessee 

on Steam Plant Road.  CCR materials generated by the power generating station are 

processed and placed into the North Rail Loop Landfill (NRLL). 

 

2.0 FUGITIVE DUST CONTROL MEASURES 
Fugitive dust will be controlled primarily through the conditioning and wetting of CCR 

material and associated CCR management activities as these methods have been 

historically effective and appropriate at the Site.  In accordance with the GAF Title V 

Operating Permit, there will be no visible fugitive dust emissions leaving the Site’s 

property boundary. 

 

The Construction Contractor manages dust suppression around the site through the 

application of water using water trucks.  The water filling station is located on the 

southwest corner of the maintenance building (U Building) near the power plant.  CCR 

placed in lifts at the NRLL and wetted to a moisture content that will prevent wind 

dispersal, but will not result in free liquids.  The conditioned CCR will be compacted in 

accordance with the procedures outlined in the Site’s Operations and Maintenance 

Manual.    
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The Construction Contractor will strictly manage the haul routes and traffic patterns to 

ensure that traffic is concentrated to common routes and use construction barrels to 

prevent light vehicle traffic from entering any nonessential areas.  Since CCR materials 

typically harden and stabilize with time after placement, it is anticipated that completed 

areas will not require continued water application to prevent fugitive dust dispersion.   

However, the Construction Contractor will monitor all surfaces and apply additional 

water as necessary to control fugitive dust across any exposed CCR material.  

 

Other dust control measures that may be utilized in combination with the current 

measures, on an as needed basis include: 

 

• Berms constructed as wind breaks 

• Intermediate soil cover 

• Chemical dust suppressants 

• Sweeping of haul roads 

• Limiting material drop heights 

• Mobilization and use of additional 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.  

 

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 



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

3 

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 
A CCR Fugitive Dust Control Report will be prepared annually to provide a summary of 

dust control activities for the reporting year.  The report will include a description of the 

actions taken to control CCR fugitive dust on Site, a record of all reported citizen 

complaints/concerns, and a summary of any necessary corrective measures taken.   

 

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 and 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.  
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1 PURPOSE 

On June 13, 2019 the Tennessee Valley Authority (TVA) entered into an agreement with the 
Tennessee Department of Environment and Conservation (TDEC) to close the Ash Pond 
Complex (APC) located at the Gallatin Fossil Plant (GAF) located near Gallatin, Sumner County, 
Tennessee.  The APC consists of the Bottom Ash Pond, Middle Pond A, Ash Pond A, Ash Pond E, 
and Stilling Ponds B, C, and D.  TVA is proposing to excavate the CCR from the APC and place the 
material within a dedicated expansion to the existing Rail Loop disposal facility, referred to as 
the South Rail Loop (SRL) landfill.  As excavation with the APC progresses, temporary slopes will 
be cut in the CCR as various areas reach different excavation depths. 

As noted in the Removal Plan, many different slope and dewatering scenarios may be found 
acceptable.  Proposed dewatering and slope configurations will depend on the contractor’s 
proposed means and methods for CCR removal and phasing.  The means and methods of 
achieving excavation grades and a particular dewatered state are not dictated in the Removal 
Plan or this package. Slope conditions will be re-evaluated based on the contractor’s proposed 
means and methods for CCR removal and phasing. 

The purpose of this package is to evaluate the stability of example temporary slopes to verify 
that reasonable slope geometries can be achieved that ensure the safety of the workers and 
efficient progress in excavation of the CCR.   

Two example slope geometries were proposed based on the anticipated dewatering 
approaches to be taken by the contractor i.e. passive dewatering (e.g. rim ditches, gravity 
draining) or active dewatering (e.g. well points and pumping). 

The following sections summarize the methods, cross sections analyzed, cases analyzed, 
material properties, results and conclusions. 

2 METHODOLOGY 

2.1 Slope Stability Analysis 

CCR slope stability analyses were performed using Spencer’s method (Spencer, 1967), as 
implemented in the software, SLOPE/W (GEOSLOPE, 2019).  Spencer’s method was used 
because it satisfies vertical and horizontal force equilibrium and moment equilibrium.  
SLOPE/W was used to generate potential slip surfaces, calculate the factor of safety for each 
surface, and identify the critical surface i.e. the surface with the lowest calculated FS.  
Information that is required to perform he analyses includes: 

• Slope geometry; 
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• Subsurface stratigraphy; 

• Material properties; and 

• Groundwater conditions. 

Details regarding this information is provided in subsequent sections. 

2.2 Target Factor of Safety 

The United States Army Corps of Engineers (USACE) provided guidance for selection of suitable 
target FS in the Slope Stability Engineering Manual (USACE, 2003).  The Engineering Manual 
recommends an FS of 1.5 and 1.3 for long term and temporary conditions, respectively.  CCR 
excavation within the APC is considered a temporary condition, therefore a target FS of 1.3 was 
selected. 

3 CROSS SECTIONS ANALYZED 

As noted in Section 1, two theoretical, example cross sections were analyzed – one for passive 
and active dewatering controls and shown in Figure 1 and Figure 2, respectively.  The drawings 
are also provided as details in the Removal Plan Drawings provided as Attachment A to the 
Removal Plan.  A summary of the geometries is presented in Table 1. 

In both cases, it was assumed that the CCR excavation is approaching completion and that 50 
feet of CCR remains in place.  Bedrock was assumed to underlie the CCR. 

4 CASES ANALYZED 

The two cross sections were analyzed under both drained and undrained conditions for both 
active and passive dewatering.  In the undrained cases, the materials were assumed to be 
drained above the phreatic surface and undrained below.  A minimum slip surface depth of 3 
feet was applied to the active dewatering case to eliminate surficial raveling type slip surfaces. 

5 MATERIAL PROPERTIES 

Slope stability analyses were previously performed at GAF as part of Initial Static Safety Factor 
Assessment (AECOM, 2016) and Structural Stability Assessment (AECOM, 2018).  Material 
properties used in the analyses presented herein were selected based on the most conservative 
values presented in the previous analyses.  A summary of the material properties used in these 
analyses is presented in Table 2.  A detailed discussion of the laboratory and/or in-situ testing, 
data reduction, and interpretation can be found in the Initial Static Safety Factor Assessment 
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(AECOM, 2016) and Structural Stability Assessment (AECOM, 2018), relevant excerpts are 
provided in Attachment A and Attachment B, respectively. 

6 RESULTS 

The calculated FS for the passive dewatering conditions was 2.57 and 1.73 for the drained and 
undrained case, respectively.  The calculated FS for the active dewatering conditions was 2.50 
and 2.22 for the drained and undrained case, respectively.  A summary of the calculated FS is 
provided in Table 3.  SLOPE/W outputs for each case are provided in Figure 3 through Figure 6. 

7 CONCLUSIONS 

Given the assumptions presented herein, the calculated FS meet the required target FS (i.e. FS ≥ 
1.3) for both passive and active dewatering methods under drained and undrained conditions.  
Note that means and methods of achieving a particular dewatered state are not dictated herein 
and slope conditions will be re-evaluated based on the contractor’s proposed means and 
methods for CCR removal and phasing. 
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Table 1.  Example Temporary CCR Excavation Slope Scenarios 

 Passive Dewatering Active Dewatering 

Slope (horizontal : vertical) 10H:1V 5H:1V 

Maximum Vertical Slope Height (ft) 20 10 

Minimum Equipment Setback from Edge of Crest (ft) 100 100 

Minimum Dewatering Depth Below Toe (ft) 5 5 

Minimum Dewatering Depth Below Slope (ft) 5 Varies 

Minimum Dewatering Depth Below Crest (ft) 5 15 

  



 

   

Table 2.  Summary of Material Properties 

 Material Property CCR Bedrock 

Drained[1] 
Cohesion, c’ (psf) 0 

Modelled as infinite 
strength layer 

Friction Angle, φ’ (degrees) 26 

Undrained[2] Shear Strength Ratio, τ/σ 0.32 

 Unit Weight, γ (pcf)[2] 90 

Notes: 

[1] Drained material properties obtained from Initial Static Safety Factor Assessment (AECOM, 2016). 
[2] Undrained material properties and unit weight obtained from Structural Stability Assessment (AECOM, 

2018). 

  



 

   

Table 3.  Summary of Calculated Factors of Safety 

 Calculated Factor of Safety 

Dewatering Method Drained Undrained 

Passive 2.57 1.73 

Active 2.50 2.22 
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Figure 1.  Passive Dewatering – Proposed Slope Geometry  



 

   

 

Figure 2.  Active Dewatering – Proposed Slope Geometry
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Figure 3.  Calculated Factor of Safety - Passive Dewatering, Drained Conditions
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SUMMARY 

URS completed a subsurface investigation and static slope stability evaluation to develop 

recommendations for remediating maintenance-type, sloughing slope stability at the divider and 

perimeter dikes at Ash Ponds A and E at the Gallatin Fossil Plant (GAF) in Gallatin, Tennessee.  Information 

gathered through the subsurface investigation, completed in April and May of 2012, was used to 

supplement data collected by Stantec and Mactec in 2010 and 2004, respectively.  Previous analyses by 

Stantec found that the perimeter and divider dikes of Ponds A and E exhibited deficient factors of safety 

(FS) against maintenance-type sloughing/slope stability. 

Geotechnical investigation activities included a review of site documents and previous site investigations, 

geotechnical drilling through overburden material, in-situ testing consisting of static cone penetration 

tests (CPT) and Marchetti dilatometer tests (DMT), laboratory testing of representative soil samples, 

piezometer installation, and groundwater data measurements.  Field activities were performed between 

April 24 and May 3, and May 14, 15, and 17, 2012.  A total of   fourteen (14) exploratory borings, nineteen 

(19) CPT soundings, and thirteen (13) DMT soundings were performed along the top and toe of slope of 

the perimeter and divider dikes of GAF Ponds A and E.  The 14 borings were completed as stand-pipe 

piezometers upon completion of drilling activities. 

A laboratory testing program was performed on representative samples obtained during drilling activities. 

 Thirty-one (31) split spoon jar soil samples and eight (8) Shelby tube soil samples were sent to Tri-State 

Testing Services, in Memphis, Tennessee, and Geotechnics, Inc., in Raleigh, North Carolina for testing.  The 

laboratory testing program included 79 index tests, 1 consolidated undrained triaxial, 1 direct shear, and 3 

permeability tests performed on select soil samples.     

Based on the field-collected data, the subsurface stratigraphy at Ash Ponds A and E is generally divided 

into three areas.  Subsurface soils along the Ash Pond A divider dike generally consist of bottom ash dikes 

underlain by hydraulically sluiced fly ash and residual clay.  The northern portion of Ash Pond E dikes 

generally consist of interbedded bottom ash fill and clay fill underlain by sluiced ash and residual clay 

deposits.  Within the southern portion of Ash Pond E the subsurface profile generally consist of a clay dike 

underlain by bottom ash fill and sluiced fly ash.  Residual clay was encountered beneath the ash materials 

in this portion of the site.  Overburden soils at both Ash Ponds A and E were underlain by limestone 

bedrock.   

Thirteen (13) slope stability cross-sections were analyzed using GeoStudio 2007 SLOPE/W and SEEP/W and 

the resulting static factors of safety were compared to the target value of 1.5.  Seismic analyses were not 

included in the scope of work for this project.  Stability results of existing conditions indicate that the 

divider and perimeter dikes at Ash Ponds A and E meet requirements for global stability at the majority of 

cross-sections, confirming the results of previous analyses.  The only exception being cross-section K which 

has a global factor of safety of 1.4. The results also indicate that sections of the divider dike between Ash 

Pond A and the Stilling Ponds are deficient for maintenance stability and require remediation to improve 

factors of safety to 1.5.  The Pond E dikes were found to have adequate factors of safety for maintenance 

stability and no remediation is recommended. 
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URS considered three alternatives for improving maintenance and global stability factors of safety for the 

divider dike between Ash Pond A and the Stilling Ponds.  These alternatives included lowering operating 

levels in Pond A and flattening the downstream slopes of the dike to 2H:1V or 2.5H:1V.  These options 

would maintain a minimum 25 to 30-ft wide dike crest to preserve desired traffic flow on the Pond A 

divider dike.  In locations where slope cutting cannot maintain the above dike crest widths, fill material will 

be placed along the existing downstream slope to create the required grade. In addition, URS also 

considered two options for surfacing the flattened slopes with a vegetative cover and rip rap. 

Based upon the results of our analysis, URS recommends that the entire length of the Pond A divider dike 

be remediated by flattening and vegetating the downstream slope to 2.5H:1V.  The limits of this 

improvement should extend from the northeast point of Ash Pond E where the Pond E divider dike 

intersects the Pond A divider dike, up to the northeastern point of Ash Pond A, along the divider dike.  A 

10 foot wide Rip Rap bench is also to be constructed at the toe of the slope to allow for safe access and 

construction at the toe of the slope in the existing Stilling Pond.  The bench would also provide long-term 

safe access to the toe of the dike during future maintenance and inspection.  The proposed remediation 

will meet all project objectives discussed in the report including providing acceptable factors of safety, 

allowing for current pond operating levels, meeting the Programmatic Document, reducing future 

maintenance and facilitating future closure.  

As a measure for finalizing the geotechnical analysis, URS has evaluated the stability of the dikes under 

interim construction conditions for the preferred remediation alternative. The results of this analysis 

indicate that acceptable factors of safety for short-term construction loading are maintained when 

construction equipment operates no closer than 2 feet from the edge of the dike crest. 
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1.0 INTRODUCTION 

URS was retained by TVA to perform subsurface investigation and static slope stability analysis of 

perimeter and divider dike slopes at Ash Ponds A and E of the Gallatin Fossil Plant (GAF).  Services were 

provided in accordance with URS’ proposal titled Proposal for Supplemental Exploration, Instrumentation 

and Work Plan dated September 22, 2011 and accepted by TVA with issuance of TVA Purchase Order 

386800-1 on March 31, 2012.    

This Geotechnical Site Evaluation Report presents the results of our evaluation and provides discussion of 

alternatives for improving the maintenance slope stability and maintaining the global slope stability at the 

Ash Pond Complex while meeting TVA programmatic and GAF operation objectives.   

1.1 SITE LOCATION AND FACILITY DESCRIPTION 

The GAF facility is located at 1499 Steam Plant Road in Sumner County, Tennessee on the north 

bank of the Cumberland River, approximately four miles southeast of the center of the City of 

Gallatin.  The plant occupies the Odom’s Bend peninsula, which is surrounded to the east, west, and 

south by the Cumberland River.  Plant facilities are located on the south portion of the peninsula.  

The Ash Pond Complex comprises approximately 476 acres and is situated north of the fossil plant 

facilities.   

1.2 OPERATIONAL HISTORY 

The GAF plant has been in operation since 1959, and currently consists of four coal-fired electric 

generating units with a net capability of 976 megawatts.  Four combustion turbine generating units 

were installed in the early 1970’s, and another four in 2000, to add additional electricity generation 

capacity during peak demand.  In a typical year, GAF consumes approximately four million tons of 

coal which yield approximately 235,000 tons of fly and bottom ash coal combustion products (CCPs) 

annually but has varied historically based on consumer demand.  

The main ash ponds were commissioned in 1970.  These ponds discharge to a series of stilling ponds 

which clarify ash-transport water prior to being discharged into the Cumberland River through 

NPDES Outfall 001.   

1.3 ASH POND COMPLEX FEATURES 

The Ash Pond/Stilling Pond Complex at GAF is comprised of Ash Pond A, Ash Pond E, and a series of 

stilling ponds, Ponds B, C, and D.  Each of the ponds is surrounded by perimeter containment dikes.  

Divider dikes separate Pond A from Pond E and these two ash ponds from the Stilling Ponds.  Ash 

Pond A encompasses 248 acres, Ash Pond E 167 acres, and a series of stilling ponds, Ponds B, C, and 

D, comprise 61 acres.  Ash Pond A is situated northeast of Ash Pond E, with Stilling Ponds B, C, and D 

located to the north of both Ash Ponds A and E, as shown on Drawing 10W277-02 in Attachment E. 
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1.3.1 ASH POND A 

Ash Pond A is located in the northeast corner of the GAF complex.  Divider dikes, 

constructed of bottom ash, separate Ash Pond A from the Stilling Pond Complex to the 

north and Ash Pond E to the west.  Originally developed for bottom ash management, Ash 

Pond A currently receives all sluiced ash generated at the GAF plant.  The fly ash sluicing 

stream, formerly directed to Ash Pond E, was recently rerouted to Ash Pond A to improve 

overall water quality delivered to the Stilling Pond Complex.  

1.3.2 ASH POND E 

Ash Pond E, formerly identified as Fly Ash Pond E, is located in the northwest corner of the 

GAF.  Until recently, this pond received sluiced fly ash from the GAF Plant.  Fly Ash and 

bottom ash sluicing streams have since been consolidated into Ash Pond A.  Ash Pond E 

receives storm water runoff from the coal pile runoff ditch and the coal unloading facility 

and non-ash process flow from the GAF Plant.   

1.3.3 STILLING POND COMPLEX 

The Stilling Pond Complex is located on the north side of Ash Pond A and Ash Pond E.  The 

Stilling Pond Complex consists of three separate stilling ponds, designated as Stilling Ponds 

B, C, and D, which are connected by narrow channels.  Stilling Pond B receives the ash-

sluicing stream from Ash Pond A and Stilling Pond C receives wastewater streams from Ash 

Pond E.  After passing through the series of stilling ponds, effluent is discharged at NPDES 

Outfall 001 from Stilling Pond D into the Cumberland River.  

1.4 PROJECT BACKGROUND 

In 2010, Stantec completed an extensive geotechnical exploration and slope stability evaluation of 

the Ash Pond/Stilling Pond Complex at GAF and issued both Draft and Final Geotechnical Reports.  

The purpose of their work was to explore existing site conditions along the ash pond dikes and 

evaluate current stability characteristics.  Stantec concluded from their 2010 exploration that the 

pond dikes provided acceptable factors of safety (1.5 or greater) for global stability, but exhibited 

deficient factors of safety (FS) against maintenance-type sloughing/slope stability in some areas.  

These areas were along the divider dike between Pond A and Stilling Ponds B and C, and along the 

toe of the Pond E north dike adjacent to Stilling Pond D. The results of Stantec’s slope stability 

analysis are presented in Table 1-1 below, and the associated cross section locations in Drawing 

10W277-02 of Attachment E: 
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Table 1-1: Slope Stability Results (Stantec, 2010) 

 

 

 

 

 

 

 

 

 

 

 

 

The dike slopes around the Ash Pond Complex, principally at Pond A, are moderately steep, with 

slopes ranging from 2.5H:1V to 1.5H:1V.  As such, TVA’s RHO&M group has expended significant 

efforts in maintaining the slopes following storm/wet weather events.  The RHO&M group has 

requested permission to flatten the slopes along the Pond A divider dike.  However, Stantec’s prior 

analysis and parameters result in lower global factors of safety (less than 1.5) when removing soil 

from the slopes.   

A review of Stantec’s Draft Geotechnical Report for the facility was conducted by URS and a 

Technical Memorandum was issued on May 5, 2010, which identified areas in the report that 

warranted additional clarification.  As a result, Stantec revised the report and issued a final report on 

May 27, 2012.  URS has supplemented that report with the exploration and evaluation presented 

herein.  

In April and May of 2012, URS executed a geotechnical investigation consisting of soil borings, cone 

penetration testing, and Marchetti dilatometer testing, along the top and toe of slope of the 

perimeter and divider dikes of Ponds A and E.  Borings were converted into stand-pipe piezometers 

upon completion of drilling activities and have been incorporated into the monthly instrumentation 

monitoring program.  Water level readings in the newly installed piezometers at Ash Ponds A and E 

have been recorded since July 2012 and subsequently used in the slope stability analyses.  Boring 

locations and instrumentation of the dikes are depicted in Drawings 10W277-02 and -03 in 

Attachment E, respectively.   

1.5 OBJECTIVE AND PURPOSE 

The objective of this project was to develop remediation alternatives for increasing the maintenance 

slope stability factors of safety at the divider and perimeter dikes at Ash Ponds A and E.  Additional 

project objectives are presented below: 

• Maintain Minimum Stability FS of 1.5 for Global and Maintenance Surfaces. 

Section 
Global 

FS 

Maintenance 

FS 

B 1.5 >1.5 

C 1.6 >1.5 

F 2.0 1.1 

G 2.2 1.5 

H 1.5 1.4 

J 1.5 1.2 

K 1.5 1.2 
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• Meet Programmatic Document Requirements.  

• Reduce Potential for Erosion and Maintenance (Short-Term). 

• Facilitate Future Closure (Long-Term). 

Several alternatives were considered to accomplish the above objectives, some of which included 

flattening the dike slopes and lowering the ash pond pool elevations.  The following sections discuss 

the subsurface exploration and slope stability evaluation and presents alternatives for improving the 

maintenance slope stability.   

2.0 FIELD EXPLORATION ACTIVITIES 

The geotechnical field exploration program was undertaken during April and May 2012, with the objective 

of completing in-situ testing to determine the mechanical characteristics (strength and stiffness) of the soil 

and the subsurface stratigraphy; and recover samples for inspection and laboratory testing.  

2.1 SUBSURFACE EXPLORATION 

Subsurface conditions were evaluated by advancing fourteen (14) exploratory borings, and in-situ 

testing activities that included nineteen (19) static cone penetration test soundings (CPT), and 

thirteen (13) flat plate Marchetti dilatometer test soundings (DMT) along the top and toe of slope of 

the perimeter and divider dikes of GAF Ponds A and E, as shown on Drawing 10W277-02 in 

Attachment E. Exploration activities were conducted between April 24 and May 3, and May 14, 15, 

and 17, 2012.  Boring and in-situ testing locations were selected to verify and supplement 

information presented in Stantec’s 2010 Report.  Borings were converted into stand-pipe 

piezometers upon completion of drilling activities.   

2.1.1 SUBSURFACE BORINGS 

The soil borings performed for the field exploration were drilled on April 24 thru May 3, 

and May 14, 15, and 17, 2012 by URS’s subcontractor Tri-State Testing Services (Tri-State).  

A CME 550, track-mounted drill rig was used to drill fourteen (14) borings in conjunction 

with 4-1/4 inch, inner diameter, continuous flight, hollow-stem augers.  A URS geotechnical 

engineer was on-site during all drilling operations, to monitor and direct the drilling 

subcontractor, and to visually classify and log soil and rock formations encountered during 

the investigation.  Due to difficult access, advancement of boring URS-12B required the use 

of a 7822 DT Geoprobe.  The Geoprobe was operated by Tri-State Drilling on May 14 and 

15, 2012.  Boring locations were located and staked in the field by URS prior to the 

commencement of field activities. 

Soil and rock samples were collected from the borings for visual classification and testing.  

Samples were obtained by Standard Penetration Testing (SPT) with a split-spoon sampler in 

general accordance with ASTM D 1586. In addition, samples of fine-grained soils were 

obtained by undisturbed sampling techniques using Shelby Tubes, in general accordance 

with ASTM D 1587, or hydraulically operated stationary piston samplers, in general 
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accordance with ASTM D 6519.  Where applicable, a pocket penetrometer was used in the 

field to measure unconfined compressive strength of the cohesive soils.  A complete set of 

boring logs, including soil and rock descriptions, types of sampling, monitoring well 

installation, and laboratory test results, is provided in Attachment A.   

Table 2-1:  Boring Summary 

Boring/ 

Piezometer 

No. 

Pond 

Location/ 

Cross-

Section 

Northing 

(ft) 

Easting 

(ft) 

Ground 

Surface 

Elevation 

(NGVD 29) 

Boring 

Terminati

on Depth 

(ft) 

URS-1b Pond A/ L-L’ 709170.02 1882484.43 459.8 19.2 

URS-2b Pond A/ J-J’ 708353.18 1881435.67 473.8 22.6 

URS-K-2b Pond A/ K-K’ 708952.57 1881959.80 474.7 52.9 

URS-3a Pond A/ Q-Q’ 708061.04 1881150.40 474.7 23.5 

URS-4b Pond A/ I-I’ 707518.78 1880739.20 474.3 25.0 

URS-5b Pond A/ H-H’ 706980.73 1879812.24 472.6 48.1 

URS-6b Pond E/ G-G’ 706876.29 1878741.41 464.3 20.9 

URS-8b Pond E/ F-F’ 707141.99 1877803.25 475.7 40.0 

URS-9b Pond E/ P-P’ 706879.05 1877572.38 475.8 31.5 

URS-9c Pond E/ P-P’ 706906.86 1877543.69 463.2 25.1 

URS-10b Pond E/ C-C’ 703827.37 1877881.93 456.0 43.0 

URS-11a Pond E/ O-O’ 702757.09 1878642.83 477.8 52.1 

URS-11b Pond E/ O-O’ 702709.90 1878657.40 459.5 33.4 

URS-12b Pond E/ A-A’ 702956.94 1879038.85 461.3 32.1 

  

2.1.2 CPT AND DMT SOUNDINGS 

CPT and DMT soundings were advanced on April 24 thru May 3, 2012 by URS’s 

subcontractor ConeTec, Inc.  Nineteen (19) static CPT soundings were performed in 

accordance with ASTM D3441, and thirteen (13) DMT soundings were completed in 

accordance with ASTM D6635, as part of URS’ subsurface investigation.  Concurrently, four 

(4) CPT soundings (GAF-B-1A, GAF-B-1B, GAF-K-1A, and GAF-K-1B) were conducted on April 

24, 2012, by ConeTec as part of GeoComp’s seismic site study.  The in-situ tests were 

performed with a track-mounted rig equipped with a hydraulic push ram.   

The DMT device consists of a high strength flat 15 mm-thick stainless steel blade 

instrumented with a circular flexible membrane along one side.  The blade was affixed to a 

series of steel rods and hydraulically pushed into the ground and readings recorded at 

approximately 1-foot depth intervals.  DMT soundings ranged in depth from 6.0 to 67.0 ft 

bgs.  The DMT soundings were principally performed both to provide in-situ measurements 

of soil strength (shear strength and stiffness), as well as provide indications of the state of 

stress of the in-situ soils. Results of the DMT soundings are presented in Attachment C.   
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CPT soundings were conducted by hydraulically pushing steel rods equipped with a 15 cm
2
 

cone equipped with a friction mantle and pore pressure transducer into the subsurface at a 

rate of approximately 2 cm/second.  CPT soundings ranged in depth from 19.0 to 56.9 ft 

bgs.  Continuous measurements of tip and side resistance and pore pressure were 

recorded during advancement.  Additionally, measures of in-situ pore pressure dissipation 

(PPD) were taken at select depths/subsurface layers in some of the CPT soundings.  The 

CPT has a well-documented record of effectiveness in evaluating subsurface stratigraphy 

(comparing CPT signatures of cone tip resistance, qc, sleeve friction, fs, and dynamic pore 

pressure, u, from sounding to sounding).  The soundings also provide an indication of the 

strength of the soils, correlating tip resistance with laboratory measured strength.  CPT 

sounding results are presented in Attachment B.     

Cuttings were not generated during the CPT and DMT soundings.  As such, test holes were 

grouted up to the ground surface upon completion of testing.  CPT and DMT tests were 

conducted to the depths presented in Table 2-2, below.  

Table 2-2:  CPT/ DMT Soundings Summary 

CPT/DMT 

Number 

Pond Location/ 

Cross-Section 
CPT Test  

CPT Termination 

Depth (ft) 
DMT Test 

DMT Termination 

Depth (ft) 

URS-1a Pond A/ L-L’ X 32.8 X 32.0 

URS-1c Pond A/ L-L’ - - X 16.0 

GAF-K-1A Pond A/ K-K’ X 12.0 - - 

GAF-K-1B Pond A/ K-K’ X 26.9 - - 

URS-2a Pond A/ J-J’ X 29.4 X 22.0 

URS-3b Pond A/ Q-Q’ X 20.2 - - 

URS-4a Pond A/ I-I’ X 24.4 - - 

URS-5a Pond A/ H-H’ X 47.6 X 43.0 

URS-6a Pond E/ G-G’ X 19.0 - - 

URS-6c Pond E/ G-G’ X 50.4 X 28.0 

URS-7 Pond E X 29.7 - - 

URS-7a Pond E X 30.7 - - 

URS-8a Pond E/ F-F’ X 35.6 X 35.5 

URS-8c Pond E/ F-F’ X 37.6 X 35.2 

URS-9a Pond E/ P-P’ X 25.6 X 9.0 

URS-9d Pond E/ P-P’ X 25.0 - - 

URS-9e Pond E/ P-P’ - - X 20.0 

URS-10a Pond E/ C-C’ X 56.9 - - 

URS-10c Pond E/ C-C’ X 45.8 X 67.0 

GAF-B-1A Pond E/ B-B’ X 52.5 - - 

GAF-B-1B Pond E/ B-B’ X 33.1 X 34.0 

URS-11c Pond E/ O-O’ X 52.3 - - 

URS-11d Pond E/ O-O’ X 37.4 X 33.5 

URS-12a Pond E/ A-A’ X 44.5 - - 

URS-12c Pond E/ A-A’ X 23.5 X 6.0 
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2.2 LABORATORY TESTING   

Laboratory testing was performed on representative samples of the soils at Ash Ponds A & E.  Soil 

samples selected for laboratory testing were sent to Tri-State Testing Services, in Memphis, 

Tennessee, and Geotechnics, Inc., in Raleigh, North Carolina.  Soil samples obtained from SPT 

sampling during drilling were placed in jars, sealed at the site, and selected on-site for laboratory 

testing.    The undisturbed Shelby tube samples were sealed in wax, covered with water-tight tape, 

and transported for testing.  A total of thirty-one (31) jar samples and eight (8) Shelby tube samples 

were sent for testing.  Material samples were evaluated using the types and numbers of laboratory 

tests presented in Table 2-3, below:   

 

Table 2-3:  Laboratory Test Program Summary 

 

Test Method Number of Tests 

Natural Moisture Content ASTM D 2216 41 

Atterberg Limits ASTM D 4318 18 

Grain Size - Sieve ASTM D 422 20 

Permeability (Undisturbed) ASTM D 5084 3 

Consolidated Undrained Triaxial (Undisturbed) ASTM D 2850 1 

Direct Shear (Undisturbed) ASTM D 3080 1 

Results of laboratory tests are presented in Attachment D and incorporated onto the boring logs.

3.0 FIELD EXPLORATION FINDINGS 

3.1 GEOLOGIC SETTING 

The Gallatin Fossil Plant is located within the Nashville Dome.  Bedrock of the Nashville Dome 

nearest the surface generally consists of Ordovician limestones, dolomites, and shales, while the 

surrounding highland Rim region generally consists of less-weathered Silurian, Devonian, and 

Mississippian limestones, cherts, shales, and sandstones.  Soil deposits in this region generally 

consist of alluvial clay, silt, and sand, and residual clay.  Bedrock stratigraphy beneath the site soils 

from youngest to oldest, consists of the Bigby-Cannon Limestone, Hermitage Formation, Carters 

Limestone, and Lebanon Limestone. 

These strata are separated by erosional unconformities.  The most recognizable geologic contacts 

occurring in this sequence are the Hermitage/Carters contact and the Upper/Lower Carters contact.  

The most prominent surface drainage feature in the region is the westward-flowing Cumberland 

River, which has cut an open valley profile and deposited a floodplain averaging approximately 3,000 

feet in width. The Cumberland River is characterized by its pronounced meanders.  The regions 

bordering the river are maturely dissected by a complex system of tributaries. 



Ash Pond A & E Dikes  

TVA Gallatin Fossil Plant GEOTECHNICAL SITE EVALUATION (REV. 0)  

 

 

GAF-DSI-00022 Page 10 

Groundwater in Central Tennessee that occurs within the stratigraphic interval between the bottom 

of the Devonian age Chattanooga Shale and the top of the Cambrian-Ordovician age Knox Group is 

known as the Central Basin aquifer system.  Both the Stones River Group and the Nashville Group 

are included in this stratigraphic interval.  This aquifer system is an important source of drinking 

water for Central Tennessee, as it supplies most of the rural domestic wells and many public 

drinking wells in the Central Basin and surrounding region.  Groundwater in the Central Basin aquifer 

system occurs primarily in a shallow flow system of solution channels.  These channels are highly 

irregular in their distribution throughout the solid rock mass and generally occur within 300 feet of 

the land surface.   

Karst features have been identified at various locations across the GAF site. Karst is a type of 

topography caused by dissolution of rock and is characterized by sinkholes, closed depressions, 

bedrock pinnacles and cutters, caves and sinking streams, and underground drainage, which are 

formed by dissolving of carbonate rock, primarily limestone or dolomite (US EPA, 2002).  The 

presence of karst features has not been investigated as part of this study at the Ash Pond Complex.  

Investigations of karst potential at the Ash Ponds are anticipated as part of future pond closure 

activities.     

3.2 SUBSURFACE CONDITIONS 

The results of the field exploration, laboratory testing program, and review of historical geotechnical 

studies were used to refine existing cross-sections and develop new cross-sections at Ash Ponds A 

and E.  The work by URS disclosed subsurface conditions consistent with those reported by Stantec 

in 2010.  In general, the subsurface conditions at Ash Pond A consist of initial and raised bottom ash 

dikes underlain by hydraulically sluiced fly ash and residual clay.  Soil deposits at Ash Pond A are 

underlain by limestone bedrock.  The soil deposits encountered at Ash Pond E generally consist of a 

clay dike underlain by sluiced fly ash and bottom ash.  The ash materials at Ash Pond E were 

underlain by residual clay and limestone bedrock at each boring location.  Soil deposits encountered 

during the field exploration are described below and are depicted on the cross-sections presented in 

Attachment E.     

3.2.1 BOTTOM ASH DEPOSITS 

Bottom ash fill material is encountered within a majority of the dikes at the Ash Pond 

Complex.  The bottom ash is classified as USCS silty sand (SM) and sand with silt (SP-SM, 

and SW-SM).  Bottom ash encountered within the soil borings was described as moist, 

black and dark brown, with varying amounts of gravel and silt.  The initial and raised dikes 

at Ash Pond A were constructed entirely of the bottom ash material.   At Ash Pond E, 

deposits of bottom ash fill were encountered interbedded within the clay dike, and 

underlying the dike.           

At Ash Pond A the relative density of bottom ash deposits was loose to very dense, based 

upon SPT N-values, CPT, and DMT results.  Moreover, zones of very dense, cemented 
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material were encountered near cross-sections Q-Q’ and I-I’.  Bottom ash deposits 

encountered within dikes at Ash Pond E exhibited loose to very dense relative densities, 

based upon SPT N-values and in-situ test results.  Natural moisture contents in the bottom 

ash ranged from 7.2% to 45.7%, with an average of 21.1%.        

3.2.2 SLUICED FLY ASH DEPOSITS 

Hydraulically placed fly ash deposits classified as wet, gray and black silty sand (SM), clayey 

sand (SC), and sandy silt (ML), were encountered at each exploration location.  Varying 

amounts of gravel were noted in the representative samples.  The thickness of the sluiced 

fly ash deposits ranged from 4 to 18 ft, with an average thickness of 7.7 ft.       

SPT N-values and in-situ test results indicate that the sluiced ash materials have a very 

loose to medium dense consistency.  Natural moisture content results in this deposit 

ranged from 12.6% to 91.5%, with an average of 34%.  

3.2.3 CLAY DIKE DEPOSITS 

The clay dike at Ash Pond E is constructed primarily out of red-brown, moist, sandy lean 

clay (CL) and sandy silt (ML).  Trace amounts of sand and gravel were encountered in the 

clay samples.  Localized deposits of bottom ash were encountered near the crest of the 

dike and beneath the dike material at some locations.  In general, the clay dike at Ash Pond 

E is underlain by sluiced fly ash.   

The clay dike material exhibited consistencies of stiff to very stiff, based upon SPT N-values, 

pocket penetrometer, and in-situ test results.  Results of moisture content tests conducted 

on samples of the dike material ranged from 8.9% to 22%, with an average moisture 

content of 15.2%.          

3.2.4 RESIDUAL CLAY DEPOSITS 

Beneath the dike and ash materials was encountered a deposit of moist, yellow to red-

brown residual clay material having USCS classification of lean clay (CL) and fat clay (CH).  

Trace amounts of gravel and sand materials were noted in the representative samples. The 

residual clay deposit is present across the site, with the exception of areas near cross-

section Q-Q’.  The thickness of this deposit varies across the site, ranging from less than 5 ft 

to 41 ft.       

SPT-N values, pocket penetrometer, and in-situ test results indicate a medium stiff to stiff 

consistency, with few occurrences of soft to very stiff zones.  Natural moisture content 

results in this deposit ranged from 18.5% to 37.5%, with an average of 24.9%.  Results of 

Atterberg limits testing included liquid limits from 29 to 72, plastic limits from 17 to 35, and 

plasticity indices from 10 to 57. 
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3.2.5 LIMESTONE BEDROCK 

The residual and dike soils are underlain by limestone bedrock.  The depth to top of 

bedrock varies across the site, as indicated by auger refusal and CPT and DMT sounding 

refusal.  At Ash Pond A the top of bedrock elevations ranged from approximately El. 421.5 

to El. 451.2, according to refusal.  Top of apparent bedrock elevations at Ash Pond E ranged 

from approximately El. 408 to El. 444, based upon boring refusal.  Based upon the 

information gathered in the subsurface exploration, the top of rock appears to vary along 

the alignment of the dike, and across the width of the dikes.     

Rock was not cored as part of the URS subsurface exploration, however, according to 

information gathered by Stantec in 2010; bedrock generally consists of gray, thin bedded, 

weathered limestone.     

3.3 GROUNDWATER CONDITIONS 

Groundwater levels were observed and measured during and immediately after drilling.  Each boring 

was subsequently converted into a stand-pipe piezometer.  At Ash Pond A groundwater was 

encountered at depths ranging from 7.7 to 17.5 ft bgs.  The groundwater elevation along the lower 

dike road at Ash Pond E was encountered at depths ranging from 3.5 to 12.0 ft bgs.  Groundwater 

depths along the upper dike road ranged from 20.2 to 22.6 ft bgs.  Table 3-1 tabulates the 

groundwater levels measured by URS during the soil borings.  
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Table 3-1:  Groundwater Levels Measured by URS At the Time of Drilling 

Boring No. 
Pond Location/ 

Cross-Section 
Date Depth (ft) Elevation (NGVD 29) 

URS-1b Pond A/ L-L’ 4/29/12 2.2 457.6 

URS-2b Pond A/ J-J’ 5/17/12 10.2 463.6 

URS-K-2b Pond A/ K-K’ 4/30/12 7.7 467.0 

URS-3a Pond A/ Q-Q’ 5/1/12 17.5 457.2 

URS-4b Pond A/ I-I’ 5/1 – 5/2/12 17.5 456.8 

URS-5b Pond A/ H-H’ 4/27 – 4/28/12 10.5 462.1 

URS-6b Pond E/ G-G’ 4/24/12 8.0 456.3 

URS-8b Pond E/ F-F’ 4/25/12 22.6 453.1 

URS-9b Pond E/ P-P’ 4/25/12 20.2 455.6 

URS-9c Pond E/ P-P’ 4/24/12 7.5 455.7 

URS-10b Pond E/ C-C’ 4/26 – 4/27/12 12.0 444.0 

URS-11a Pond E/ O-O’ 5/2/12 22.2 455.6 

URS-11b Pond E/ O-O’ 5/3/12 3.4 456.1 

URS-12b Pond E/ A-A’ 5/14 – 5/15/12 3.8 457.5 

 

A total of 6 piezometers (URS-1b, URS-2b, URS-3a, URS-4b, URS-5b, URS-K-2b) and 6 vibrating wire 

piezometers (GAF-K-2a(3), GAF-K-2b(3)) were installed at Ash Pond A, and a total of 8 piezometers 

(URS-6b, URS-8b, URS-9b, URS-9c, URS-10b, URS-11a, URS-11b, URS-12b) and 6 vibrating wire 

piezometers (GAF-B-2a(3), GAF-B-2b(3)) were installed at Ash Pond E in April and May, 2012 by URS 

and GeoComp Corporation. The vibrating wire piezometers were installed by GeoComp as part of a 

separate seismic study and data from these piezometers is included for reference purposes.  The 

piezometers were constructed of 2-inch inside diameter (ID) polyvinyl chloride (PVC) flush threaded 

casing with either a 5-foot or 2-foot long screen that is 0.010-inch machine slotted.  Prior to 

installation of the screen and casing at each location, the borehole was backfilled with bentonite 

pellets up to a minimum of 2-feet below the screen tip.  Filter pack of 20/30 high silica sand and 

bentonite pellets was used as a seal.  Piezometer completions consist of Sonotube concrete pads 

with four (4) yellow bollards and above-ground galvanized steel casing.  Piezometer locations were 

surveyed by TVA Surveying upon completion of installation.  A summary of the Piezometer 

installation information is presented in Table 3-2. 
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Table 3-2:  Summary of Piezometer Installation 

Boring/ 

Piezometer No. 

Pond Location/ 

Cross-Section 

Top of PVC 

Elevation 

(NGVD 29) 

Piezometer 

Screen Interval 

  (ft bgs) 

Piezometer 

Tip Elevation 

(NGVD 29) 

URS-1b Pond A/ L-L’ 462.91 2.3 – 4.8 455.0 

URS-2b Pond A/ J-J’ 477.19 8.4 – 13.4 460.4 

URS-K-2b Pond A/ K-K’ 477.99 8.2 – 13.2 461.5 

GAF-K-2a-25’ Pond A/ K-K’ 476.15 10.7 464.0 

GAF-K-2a-30’ Pond A/ K-K’ 476.15 19.7 455.0 

GAF-K-2a-35’ Pond A/ K-K’ 476.15 21.7 453.0 

GAF-K-2b-30’ Pond A/ K-K’ 476.81 12.2 463.1 

GAF-K-2b-35’ Pond A/ K-K’ 476.81 22.2 453.1 

GAF-K-2b-50’ Pond A/ K-K’ 476.81 25.2 450.1 

URS-3a Pond A/ Q-Q’ 478.20 13.5 – 18.5 456.2 

URS-4b Pond A/ I-I’ 477.64 14.25 – 19.25 455.1 

URS-5b Pond A/ H-H’ 476.08 13.5 – 18.5 454.1 

URS-6b Pond E/ G-G’ 467.59 5.0 – 10.0 454.3 

URS-8b Pond E/ F-F’ 479.01 20.3 – 25.3 450.4 

URS-9b Pond E/ P-P’ 479.32 17.7 – 22.7 453.1 

URS-9c Pond E/ P-P’ 466.53 4.0 – 9.0 454.2 

URS-10b Pond E/ C-C’ 459.09 11.9 – 16.9 439.1 

GAF-B-2a-25’ Pond E/ B-B’ 476.90 21.7 454.8 

GAF-B-2a-45’ Pond E/ B-B’ 476.90 31.7 444.8 

GAF-B-2a-55’ Pond E/ B-B’ 476.90 41.7 434.8 

GAF-B-2b-15’ Pond E/ B-B’ 459.87 6.31 452.9 

GAF-B-2b-25’ Pond E/ B-B’ 459.87 17.32 441.9 

GAF-B-2b-35’ Pond E/ B-B’ 459.87 27.32 431.9 

URS-11a Pond E/ O-O’ 481.42 20.0 – 25.0 452.8 

URS-11b Pond E/ O-O’ 463.10 2.8 – 5.3 454.2 

URS-12b Pond E/ A-A’ 464.41 5.2 – 10.2 451.1 

 

Piezometers have been incorporated into the monthly instrumentation monitoring program.  Water 

level readings in the newly installed piezometers at Ash Ponds A and E have been recorded since July 

2012 and subsequently used in the slope stability analyses.  Water levels recorded at the Ash Pond 

Complex between September 2009, and December 2013 are included in Attachment F. Boring 

locations and instrumentation of the dikes are depicted in Drawings 10W277-02 and -03 in 

Attachment E, respectively.   
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4.0 IN-SITU AND LABORATORY TESTING RESULTS 

4.1 IN-SITU TESTING RESULTS 

Results of CPT and DMT soundings may be correlated to estimate a number of shear strength and 

index properties of in-situ materials.   

4.1.1 CPT 

Shear Strength:   

The undrained shear strength of clay deposits can be estimated from CPT data, relating 

cone tip resistance (qc) to undrained shear strength (cu) using the following equation.  

cu =(qc - σ’υo)/ Nk 

where,  

qc = cone tip resistance,  

σ’υo = the total overburden stress at the test depth, and 

Nk = the plasticity dependent cone factor, increasing with decreasing plasticity.  

Friction Angle: 

CPT is used to estimate the peak friction angle (Φ'P) of sandy deposits by relating the 

friction angle to the cone resistance.  The relationship below estimates the friction angle of 

sand materials. 

Φ'P = arctan[0.1 + 0.38 ⋅ log(qt /σ'υo)]  

where, 

σ’υo = effective overburden stress, 

qt = cone tip resistance. 

CPT sounding results estimate a number of other material properties for both sandy and 

clayey soils such as unit weight, SPT N-values, over-consolidation ratio (OCR), and 

constrained modulus (M), based upon empirical correlations.  Attachment B presents the 

results of CPT soundings for the GAF Ash Pond Complex.   

4.1.2 DMT 

Shear Strength:   

The Marchetti flat plate dilatometer can be used to estimate the undrained shear strength 

(cu) of clayey soil by the following relationship. 



Ash Pond A & E Dikes  

TVA Gallatin Fossil Plant GEOTECHNICAL SITE EVALUATION (REV. 0)  

 

 

GAF-DSI-00022 Page 16 

cu = 0.22 σ’υo( KD/2)
1.25

 

where,  

σ’υo = effective overburden stress, 

KD = horizontal stress index, calculated as the corrected dilatometer reading, effective 

overburden stress 

The DMT data is also correlated to provide properties in clayey soils such as OCR, 

coefficient of lateral earth pressure at rest (Ko), and unit weight.  Results of DMT soundings 

are provided in Attachment C.   

4.2 LABORATORY TESTING RESULTS 

Laboratory testing of samples gathered during soil boring activities was performed to determine soil 

index properties, and to estimate shear strength, and hydraulic conductivity parameters.   

4.2.1 INDEX TESTING 

The results of index testing completed on samples of ash and clay materials collected 

during soil boring activities is presented in Table 4-1 below.  Complete index test results 

are provided in Attachment D. 
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Table 4-1:  Results of Index Testing by URS 

Boring 

No.  

Pond 

Location/ 

Cross-Section  

Sample 

No.  
Depth (ft) 

Geologic 

Description 

Moisture 

Content 

(%) 

Liquid 

Limit 

Plastic 

Limit 

Plasticity 

Index 
USCS 

Finer 

than 

#200 

Sieve 

(%) 

URS-1b Pond A/ L-L’ SS-2 1.8-3.3 
Initial Bottom 

Ash Dike 
18.8 - - - SM 37 

URS-1b Pond A/ L-L’ T-1 8.1-10.0 
Initial Bottom 

Ash Dike 
37.2 - - - SM 47 

URS-1b Pond A/ L-L’ SS-8a 17.7-18.5 Residual Clay 19.5 29 16 13 CL - 

URS-2a Pond A/ J-J’ T-1 23.9-25.9 Sluiced Ash 24.7 45 21 24 CL - 

URS-2b Pond A/ J-J’ SS-3 4.5-5.6 
Raised Bottom 

Ash Dike 
19.5 - - - SM 32 

URS-2b Pond A/ J-J’ SS-7 14.3-15.8 
Initial Bottom 

Ash Dike 
20.7 - - - SM 33 

URS-K-2b Pond A/ K-K’ SS-4 7.3-8.8 
Raised Bottom 

Ash Dike 
26.5 - - - SM - 

URS-K-2b Pond A/ K-K’ SS-11 10.8-12.2 Sluiced Ash 23.4 37 17 20 SC 30 

URS-3a Pond A/ Q-Q’ SS-4 7.1-8.6 
Raised Bottom 

Ash Dike 
11.0 - - - SM 45 

URS-3a Pond A/ Q-Q’ SS-8 17.1-18.6 Sluiced Ash 42.1 - - - SM 35 

URS-4b Pond A/ I-I’ SS-3 4.1-5.6 
Raised Bottom 

Ash Dike 
7.2 - - - SM 33 

URS-4b Pond A/ I-I’ SS-6 12.2-13.7 
Raised Bottom 

Ash Dike 
9.6 - - - SM 36 

URS-4b Pond A/ I-I’ T-1 16.3-18.3 Sluiced Ash 12.6 - - - SM 35 

URS-5b Pond A/ H-H’ SS-9 18.0-19.5 Sluiced Ash 91.5 - - - SP-SM 18 

URS-5b Pond A/ H-H’ T-1 23.8-25.5 Sluiced Ash 22.8 - - - SM 19.8 

URS-5b Pond A/ H-H’ SS-12 27.0-28.5 Sluiced Ash 39.1 - - - ML - 

URS-5b Pond A/ H-H’ SS-14 32.8-34.3 Residual Clay 31.1 55 23 32 CH - 

URS-5b Pond A/ H-H’ SS-17 39.7-41.2 Residual Clay 25.3 72 35 37 MH - 

URS-6b Pond E/ G-G’ SS-3 5.0-6.5 Bottom Ash Fill 17.7 - - - SM 38 

URS-6b Pond E/ G-G’ SS-6 12.5-14.0 Residual Clay  25.9 54 23 31 CH - 

URS-8a  Pond E/ F-F’ T-2 23.8-25.8 Residual Clay 21.5 48 21 27 CL - 

URS-8b Pond E/ F-F’ SS-4 7.7-9.2 Clay Dike Fill 22.0 48 34 14 ML - 

URS-8b Pond E/ F-F’ SS-12 27.0-28.5 Bottom Ash Fill 21.5 - - - SP-SM 30 

URS-9c Pond E/ P-P’ SS-5 10.0-11.5 Residual Clay 18.5 38 21 17 CL - 

URS-9c Pond E/ P-P’ SS-8 16.9-18.4 Residual Clay 25.0 85 28 57 CH - 

URS-10b Pond E/ C-C’ SS-7 14.0-15.5 Residual Clay 21.4 50 19 31 CH - 

URS-10b Pond E/ C-C’ SS-9b 19.7-20.7 Residual Clay 26.9 - - - SM 32 

URS-10b Pond E/ C-C’ SS-12 26.3-27.8 Residual Clay 28.0 67 25 42 CH - 

GAF-B-1a Pond E/ B-B’ T-1 37.5-39.0 Residual Clay 21.1 35 17 18 CL - 

GAF-B-1b Pond E/ B-B’ T-1 14.6-16.6 Sluiced Ash 28.0 - - - ML 94 

URS-11a Pond E/ O-O’ SS-5 9.1-10.6 Clay Dike Fill 8.9 42 24 18 CL - 
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Table 4-1 Continued 

Boring 

No.  

Pond 

Location/ 

Cross-Section  

Sample 

No.  
Depth (ft) 

Geologic 

Description 

Moisture 

Content 

(%) 

Liquid 

Limit 

Plastic 

Limit 

Plasticity 

Index 
USCS 

Finer 

than 

#200 

Sieve 

(%) 

URS-11a Pond E/ O-O’ SS-9 19.1-20.6 Sluiced Ash 18.4 - - - SM 31 

URS-11a Pond E/ O-O’ SS-13a 30.2-31.5 Bottom Ash Fill 45.7 NP NP NP - 93 

URS-11a Pond E/ O-O’ SS-13b 30.2-31.5 Residual Clay 26.3 29 19 10 CL 85 

URS-11a Pond E/ O-O’ T-1 33.4-35.7 Residual Clay 22.6 52 20 32 CH - 

URS-12b Pond E/ A-A’ SS-2 2.3-3.8 Clay Dike Fill 14.7 31 20 11 CL - 

URS-12b Pond E/ A-A’ SS-4 8.0-9.5 Bottom Ash Fill 17.3 - - - SC 29 

URS-12b Pond E/ A-A’ SS-9 22.8-24.3 Residual Clay 21.8 56 23 33 CH - 

URS-12b Pond E/ A-A’ SS-11 28.6-30.1 Residual Clay 37.5 - - - MH 88 

 

Index tests assigned by Stantec and Mactec in 2010 and 2004, respectively, were conducted primarily on 

samples of fine-grained materials gathered from deposits of the clay dike and residual clay.  As such, few 

tests were conducted on samples of bottom ash or sluiced fly ash deposits.  The testing performed by URS, 

and presented in Table 4-1, was intended to supplement these original test results and provide additional 

test data on the ash materials.  Table 4-2 presents results of index testing reported by Stantec in 2010.  
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Table 4-2:  Results of Index Testing Reported by Stantec  

Boring No.  

Pond 

Location/ 

Cross-

Section  

Depth (ft) 
Geologic 

Description 

Moisture 

Content 

(%) 

Liquid 

Limit 

Plastic 

Limit 

Plasticity 

Index 
USCS 

Finer 

than 

#200 

Sieve 

(%) 

MACTEC-B-3 Pond A/ H-H’ 7.5-9.5 Ash 47.6 - - - ML 91 

MACTEC-B-8 - 22.0-23.5 Native Clay  26.1 51 20 31 CH 91 

MACTEC-B-13 - 15.0-17.0 Ash 33.8 - - - ML 99 

MACTEC-B-13 - 25.0-27.0 Native Clay 32.5 78 30 48 CH 86 

STN-A-2 Pond A/ H-H’ 35.0-39.5 Native Clay - 53 18 35 CH 80 

STN-A-3 Pond A/ I-I’ 9.0-13.5 
Raised Bottom 

Ash 
- NP NP NP SM 14 

STN-A-6 Pond A/ J-J’ 29.1-29.5 Native Clay - 60 19 41 CH 86 

STN-A-7 Pond A/ K-K’ 30.0-34.5 Native Clay - 43 16 27 CL 62 

STN-A-10 Pond A/ L-L’ 15.0-19.5 Sluiced Ash - NP NP NP SM 35 

STN-E-2 Pond E/ A-A’ 4.5-9.0 Clay Dike Fill - 33 16 17 CL 56 

STN-E-3 Pond E/ A-A’ 4.5-9.0 Sluiced Ash - NP NP NP SM 28 

STN-E-3 Pond E/ A-A’ 25.5-30.0 Native Clay - 54 18 36 CH 76 

STN-E-4 Pond E/ B-B’ 34.5-39.0 Sluiced Ash - NP NP NP ML 92 

STN-E-4S Pond E/ B-B’ 5.0-5.5 Clay Dike Fill 19.9 42 18 24 CL 56 

STN-E-8 Pond E/ C-C’ 31.5-33.0 Native Clay 31 25 13 12 CL 51 

STN-E-8 Pond E/ C-C’ 41.6-42.1 Native Clay 19.8 27 13 14 GC 30 

STN-E-8 Pond E/ C-C’ 50.2-50.7 Native Clay 29.1 47 22 25 CL 78 

STN-E-9 Pond E/ C-C’ 5.8-6.3 Native Clay 18.6 31 14 17 CL 69 

STN-E-9 Pond E/ C-C’ 34.0-38.5 Native Clay - 34 15 19 CL 62 

STN-E-10S Pond E/ D-D’ 5.3-5.8 Clay Dike Fill 18.1 38 16 33 CL 76 

STN-E-10S Pond E/ D-D’ 25.0-26.7 Native Clay - - - - CL - 

STN-E-11 Pond E/ D-D’ 3.0-7.5 Clay Dike Fill - 45 18 27 CL 61 

STN-E-12 Pond E/ D-D’ 10.3-10.8 Native Clay 22.7 46 20 26 CL 67 

STN-E-13 Pond E/ E-E' 16.5-21.0 Native Clay - 77 26 51 CH 91 

STN-E-13S Pond E/ E-E' 20.0-25.5 Native Clay - - - - CH - 

STN-E-14S Pond E/ E-E' 2.0-2.5 Clay Dike Fill 20 38 19 19 CL 77 

STN-E-15 Pond E/ E-E' 11.5-16.0 Native Clay - 65 20 45 CH 81 

STN-E-16 Pond E/ F-F’ 18.0-22.5 Bottom Ash Fill - NP NP NP SM 35 

STN-E-16S Pond E/ F-F’ 36.0-36.5 Native Clay 25.2 34 16 18 CL 97 

STN-E-16S Pond E/ F-F’ 5.6-6.1 Clay Dike Fill 27.9 52 19 33 CH 76 

STN-E-17 Pond E/ F-F’ 4.5-9.0 Clay Dike Fill - 47 19 28 CL 84 

STN-E-18 Pond E/ F-F’ 22.5-27.0 Native Clay - 34 14 20 CL 86 

STN-E-20 Pond E/ G-G’ 4.5-9.0 Clay Dike Fill - 54 18 36 CH 71 

STN-E-20S Pond E/ G-G’ 4.0-7.1 Clay Dike Fill - - - - CH - 

STN-E-21S Pond E/ G-G’ 11.6-12.1 Native Clay 26 41 17 24 CL 81 
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4.2.2 HYDRAULIC CONDUCTIVITY 

Hydraulic conductivity tests were conducted in general accordance with ASTM D 5084, on 

undisturbed samples of ash material, in order to estimate the permeability of in place ash 

materials.  Permeability test results were used in preliminary slope stability analyses to 

predict phreatic conditions within the dikes at Ash Pond A and Ash Pond E.  Table 4-3 

presents the results of hydraulic conductivity tests performed on undisturbed samples 

from Ash Ponds A and E.   

Table 4-3:  Results of Permeability Testing on Ash Samples by URS 

Boring No. 
Pond Location/ 

Cross-Section  

Sample 

No.  

Depth 

(ft) 
Geologic Description 

USCS 

Classification 

Permeability 

(cm/sec) 

GAF-B-1b Pond E/ B-B’ T-1 14.6-16.6 Sluiced Ash ML 1.2 × 10
-5

 

URS-4b Pond A/ I-I’ T-1 16.3-18.3 Sluiced Ash SM 3.8 × 10
-3

 

URS-5b Pond A/ H-H’ T-1 23.8-25.5 Sluiced Ash SM 6.5 × 10
-6

 

 

Stantec presented results of permeability tests conducted on samples of lean clay (CL), fat 

clay (CH), and silt (ML) material in their 2010 Report.  Table 4-4 presents the results 

reported by Stantec in 2010.   

 

Table 4-4:  Results of Permeability Testing on Clay Samples Reported by Stantec 

Boring No. 

Pond 

Location/ 

Cross-Section  

Depth (ft) Geologic Description 
USCS 

Classification 

Permeability 

(cm/sec) 

STN-A-6 Pond A/ J-J’ 29.1-29.5 Native Clay CH 9.07 x 10
-8 

STN-E-8 Pond E/ C-C’ 50.2-50.7 Native Clay CL 1.38 x 10
-8

 

STN-E-9 Pond E/ C-C’ 5.8-6.3 Native Clay CL 4.70 x 10
-8

 

STN-E-10S Pond E/ D-D’ 5.3-5.8 Clay Dike Fill CL 1.02 x 10
-7

 

STN-E-12 Pond E/ D-D’ 10.3-10.8 Native Clay CL 3.01 x 10
-7

 

STN-E-13S Pond E/ E-E' 20.0-25.5 Native Clay CH 2.33 x 10
-8

 

STN-E-15 Pond E/ E-E' 11.5-16.0 Native Clay CH 1.36 x 10
-8

 

MACTEC-B-13 - 15.0-17.0 Ash ML 2.78 x 10
-5

 

 

4.2.3 SHEAR STRENGTH  

A direct shear and a consolidated-undrained triaxial test were performed on undisturbed 

samples of the sluiced fly ash to supplement the field data obtained and to estimate the 

soil strength.  Direct shear and consolidated-undrained triaxial testing was conducted by 

Geotechnics and the results are presented in Table 4-5, below. 
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Table 4-5:  Results of Shear Strength Testing on Sluiced Ash by URS 

Boring Number 
Shear Strength 

Test 

Geologic 

Description 

Shear Strength 

Effective 

Cohesion, c’ 

(psf) 

Effective 

Internal Friction 

Angle, ɸ’ (deg.) 

URS-5b (23.8-25.5 ft bgs) Direct Shear (DS) Sluiced Ash 0 26.4 

GAF-B-1b (14.6-16.6 ft bgs) 

Consolidated 

Undrained Triaxial 

(CU) 

Sluiced Ash 167 31.38 

 

 

A summary of triaxial shear tests conducted by Stantec and Mactec are presented in Table 

4-6.  Shear strength test results reported by Stantec in 2010 are primarily for samples of 

lean and fat clay deposits from Ash Pond E.     

Table 4-6:  Results of Shear Strength Testing Reported by Stantec 

Boring 

Number 

Pond 

Location/ 

Cross-Section 

Sample 

Depth 

(feet) 

Geologic 

Description 

USCS 

Classification  

Triaxial Shear Testing 

Φ  

(Degrees) 

c  

(psf) 

Φ' 

(Degrees) 

c' 

(psf) 

MACTEC-B-3 Pond A/ H-H’ 7.5-9.5 Ash ML 18.3 1770 24.4 1280 

MACTEC-B-13 - 15.0-17.0 Ash ML 38.5 2640 35.5 0 

MACTEC-B-13 - 25.0-27.0 Native Clay CH 11.3 370 14.2 210 

MACTEC-B-8 - 22.0-23.5 Native Clay CH 14.2 1520 22.9 1000 

STN-E-4S Pond E/ B-B’ 5.0-5.5 Clay Dike Fill CL - - 17.6 740 

STN-E-8 Pond E/ C-C’ 41.6-42.1 Native Clay GC - - 26.6 360 

STN-E-9 Pond E/ C-C’ 5.8-6.3 Native Clay CL - - 28.8 640.0 

STN-E-10S Pond E/ D-D’ 25.0-26.7 Native Clay CL - - 37.1 70 

STN-E-13S Pond E/ E-E' 20.0-25.5 Native Clay CH - - 18.4 700 

STN-E-15 Pond E/ E-E' 11.5-16.0 Native Clay CH - - 26.3 380 

STN-E-14S Pond E/ E-E' 2.0-2.5 Clay Dike Fill CL - - 21.5 480 

STN-E-16S Pond E/ F-F’ 5.6-6.1 Clay Dike Fill CH - - 22 340 

STN-E-16S Pond E/ F-F’ 36.0-36.5 Native Clay CL - - 34.3 160 

STN-E-20S Pond E/ G-G’ 4.0-7.1 Clay Dike Fill CH - - 25.5 460 

STN-E-20 Pond E/ G-G’ 4.5-9.0 Clay Dike Fill CH - - 25.5 460 

STN-E-21S Pond E/ G-G’ 11.6-12.1 Native Clay CL - - 34.1 260 

STN-D-1S   2.6-6.5 Clay Dike Fill CH - - 23.3 940 
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5.0 SLOPE STABILITY ANALYSES 

5.1 GENERAL 

Static stability analyses at the Pond A and E dikes were performed using GeoStudio 2007 SLOPE/W 

and SEEP/W Version 7.17, Build 4921.  Spencer’s procedure for limit equilibrium analysis of sliding 

soil mass was utilized for the stability analysis.  An “Entry and Exit” slip surface was defined for 

producing failure curves in order to evaluate both global and maintenance failures.  By setting 

“Entry and Exit” boundary conditions to specific bounds the user is able to analyze various failure 

modes.  The procedure was “optimized” in order to locate the lowest factor of safety (FS) computed 

in a given run. The factor of safety (FS) calculated by the Spencer procedure uses the following 

definition:  

FS = 
shear strength of the soil (resisting force) 

shear stress required for equilibrium (driving force) 

Thirteen (13) slope stability models were developed in order to evaluate static dike stability for 

maintenance-type (a localized veneer or slough failure) and global slope stability safety factors 

under existing and alternative remediation systems.  Seven models were initially inherited from 

Stantec Inc., developed as part of the Report of Geotechnical Exploration and Slope Stability 

Evaluation, issued in May, 2010.  GeoStudio models for cross-sections B, C, F, G, H, J, and K, were 

inherited from Stantec and subsequently modified based upon geotechnical exploration results.  The 

cross-section geometry, stratigraphy, material properties, and boundary conditions were updated to 

complete the stability analyses.  Additionally, URS developed six (6) new models to assist in 

assessing the Ash Pond Complex site slope stability.  The new models generated by URS are located 

at cross-sections A, I, L, O, P, and Q. The new models were developed using the site geometry, 

material properties, and boundary conditions determined from the field exploration, laboratory 

testing, and review of historical data.  See Drawing 10W277-02 in Attachment E for locations of 

each cross-section analyzed.   

The existing Ash Pond Complex dikes have been in place for several years and are assumed to be in 

static equilibrium and under effective stress conditions.  For this reason, static slope stability 

analyses were performed at each cross-section using effective strength parameters.  In addition, a 

total strength analysis was completed using conservative total strength properties in order to verify 

that stability factors of safety are acceptable under total stress conditions.  The results of these 

analyses indicate that under total stress conditions the dikes exhibit similar stability safety factors as 

computed for effective stress conditions.   

Seismic related analyses and evaluations of the slopes were not performed as part of the work 

scope.  We understand that these analyses are being performed under a separate project by other 

consultants.  Based upon preliminary seismic information provided by TVA, we understand that the 
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Pond Complex dikes currently provide acceptable seismic factors of safety and that remediation for 

seismic purposes is not anticipated.   

5.2 PHREATIC SURFACE 

Based on design guidelines from USACE and the Master Programmatic Document, Version 1, 

preliminary seepage analyses were conducted using hydraulic parameters developed from results of 

CPT pore pressure dissipation and laboratory testing, and the predicted phreatic surface was 

evaluated.  The predicted phreatic surface from SEEP/W was used for comparison with the monthly 

piezometer readings from the Instrumentation Program and indicates that the phreatic surface 

predicted in SEEP/W is lower than the piezometric surface developed from the monthly readings.  As 

such, the most conservative approach for the slope stability analysis involved inputting the phreatic 

surface interpolated from the piezometer monthly readings as a piezometric line in SLOPE/W, rather 

than importing the phreatic surface and porewater pressures predicted by SEEP/W directly into 

SLOPE/W.  This approach is consistent with that implemented to develop threshold values as part of 

the Instrumentation Program, and utilizes current and historical data obtained from each of the 

piezometers located across the site.   

In the stability models, the upstream piezometric surface was set equal to the Ash Pond normal pool 

elevations and the downstream piezometric surface was set equal to the Stilling Pond normal pool 

elevations. Within the Ash Pond dikes, the water surface at piezometer locations was set equal to 

the historical high water level, as measured in the monthly piezometer readings.  Where piezometer 

data was not available, the piezometer water level was interpolated based upon piezometer levels 

at adjacent cross-sections.  Table 5-1 presents piezometric levels used in the stability analysis, as 

well as those measured between October and December 2012, which were the most current 

readings at the time of the analyses.  Additional piezometer water levels measured through 

December 2013 have been incorporated into Attachment F.  URS reviewed the new piezometer 

level measurements and does not believe the previously completed stability analyses require 

revising or updating.    



Ash Pond A & E Dikes  

TVA Gallatin Fossil Plant GEOTECHNICAL SITE EVALUATION (REV. 0)  

 

 

GAF-DSI-00022 Page 24 

Table 5-1:  Piezometric Levels Used in Stability Models 

Piezometer 

No.  

Pond Location/ 

Cross-Section  

Oct 2012 

W.L. 

Nov 2012 

W.L. 

Dec 2012 

W.L. 

Value used in 

Analysis (ft) 

STN-A-1 Pond A/ H-H’ 457.16 456.99 456.98 457.21 

URS-5b Pond A/ H-H’ 461.93 461.03 461.12 462.06 

URS-4b Pond A/ I-I’ 456.99 456.85 456.84 457.03 

STN-A-5 Pond A/ J-J’ 458.79 458.51 458.47 459.26 

URS-2b Pond A/ J-J’ 462.03 461.56 461.73 463.08 

URS-K-2b Pond A/ K-K’ 468.9 468.78 468.79 469.02 

GAF-K-2a-25 Pond A/ K-K’ 469.25 468.8 468.86 469.02 

GAF-K-2a-30 Pond A/ K-K’ 463.24 462.95 463.19 469.02 

GAF-K-2a-35 Pond A/ K-K’ 462.99 462.7 462.77 469.02 

GAF-K-2b-30 Pond A/ K-K’ 465.13 464.77 464.81 461.5 

GAF-K-2b-35 Pond A/ K-K’ 459.2 458.95 459.04 461.5 

GAF-K-2b-50 Pond A/ K-K’ 459.3 458.98 459.00 461.5 

STN-A-9 Pond A/ L-L’ 463.47 463.12 462.93 463.94 

URS-1b Pond A/ L-L’ 457.82 457.73 457.66 457.8 

URS-3a Pond A/ Q-Q’ 459.8 459.46 459.32 460.25 

STN-E-2 Pond E/ A-A’ 461.1 460.79 461.14 461 

URS-12b Pond E/ A-A’ 458.39 458.13 458.66 458.16 

STN-E-6 Pond E/ B-B’ 453.86 452.91 453.03 453.83 

GAF-B-2a-25 Pond E/ B-B’ 456.04 455.14 455.08 458 

GAF-B-2a-45 Pond E/ B-B’ 454.51 453.63 453.65 458 

GAF-B-2a-55 Pond E/ B-B’ 451.39 450.68 450.75 458 

GAF-B-2b-15 Pond E/ B-B’ 455.64 454.4 454.46 451.2 

GAF-B-2b-25 Pond E/ B-B’ 449.95 448.95 449.04 451.2 

GAF-B-2b-35 Pond E/ B-B’ 444.98 443.93 443.99 451.2 

STN-E-8 Pond E/ C-C’ 459.59 458.86 459.26 459.5 

URS-10b Pond E/ C-C’ 448.51 448.48 448.57 448.54 

STN-E-18 Pond E/ F-F’ 456.31 456.24 456.25 456.36 

URS-8b Pond E/ F-F’ 456.79 456.67 456.67 456.77 

STN-E-20 Pond E/ G-G’ 457.46 457.27 457.16 457.74 

URS-6b Pond E/ G-G’ 456.96 456.76 456.75 457.15 

URS-11a Pond E/ O-O’ 457.93 457.56 457.77 458.02 

URS-11b Pond E/ O-O’ 457.99 457.65 457.82 458 

URS-9b Pond E/ P-P’ 456.42 456.33 456.27 456.41 

URS-9c Pond E/ P-P’ 456.38 456.3 456.25 456.45 

In general, water level values used in the analysis are higher than historically measured values.  At 

vibrating wire piezometers GAF-B-2b-15 and GAF-K-2b-30 the analysis value is lower than historical 

high readings, but is higher than those values recorded for deeper transducer depth intervals at the 

same location.      
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5.3 GLOBAL & MAINTENANCE STABILITY ANALYSIS 

Each of the stability cross-sections were analyzed for global stability, defined as a slip surface that 

would pass from the far half of the top of dike (crest nearest the Ash Pond) to the downstream toe 

of the dike.  The resulting factor of safety slip surface encompasses the majority of the dike.  Existing 

conditions, as well as remediation alternative conditions were modeled utilizing a similar failure 

surface.  

Slope stability models were analyzed for maintenance stability using assigned entry and exit points 

limited to the crest and toe of the dike slope, resulting in a localized veneer or slough failure.  

Maintenance slope stability was evaluated at each section, for effective stress and total stress 

conditions.      

5.4 MATERIAL PROPERTIES 

Following the geotechnical field investigation, URS assembled the available geotechnical data from 

Stantec, Mactec, and the URS field exploration, and reviewed the material properties results in 

order to select the strength parameters used in the stability analyses.  Material properties were 

obtained from in-situ and laboratory testing, in addition to soil borings, performed between 2004 

and 2012.   

5.4.1 SHEAR STRENGTH PARAMETERS 

Material property values for cohesion (c), unit weight (Gamma, γ), and angles of internal 

friction (Phi, φ) originally selected by Stantec were reviewed and revised by URS.  Effective 

and total stress properties were developed by comparing SPT, CPT, DMT, and laboratory 

test results, and employing engineering judgment and local experience.  Values for shear 

strength, unit weight, and angle of internal friction were estimated for each soil horizon 

using empirical correlations or laboratory test results and then each parameter was 

selected by comparing the results. 

Drained strength parameters for bottom ash materials were updated using results from the 

CPT and DMT soundings.  Friction angle results correlated from CPT and DMT data in the 

Raised Bottom Ash Dike material ranged from approximately 31 to 51 degrees, with a 

median value of 38 degrees.  A plot of the friction angle data for the Raised Bottom Ash 

Dike is presented in Figure 5-1.  The Initial Bottom Ash Dike angles of internal friction 

ranged from approximately 30 to 40 degrees, based upon CPT and DMT sounding results.  

A median value of 35 degrees was selected for the stability analysis.  Figure 5-2 compares 

the data for angle of internal friction in the Initial Bottom Ash Dike.  URS reviewed the 

friction angle parameters used by Stantec for Bottom Ash Fill and conservatively increased 

the value at select cross-sections based upon in-situ testing results.  Within the Bottom Ash 

Fill deposits, friction angle results ranged from 30 to 49 degrees.  URS selected friction 

angles near the lower bounds of the testing results, to account for correlation deviations in 
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coarse-grained materials.   The CPT and DMT results for friction angle in the Bottom Ash Fill 

deposits are presented in Figure 5-3, below.  Based upon laboratory testing, the majority of 

bottom ash material sampled is coarse-grained and cohesion-less material, cohesion was 

thus set equal to zero for all analyses.  The remaining material property, unit weight, for 

bottom ash dike and bottom ash fill materials were carried over from Stantec’s analysis.  

The bottom ash material is primarily comprised of sand and gravel and will not develop 

significant pore pressures under short-term saturated conditions.  For this reason, 

undrained strength properties of these deposits do not differ from drained parameters.  
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The clay dike materials encountered at Ash Pond E had cohesion values ranging from 

approximately 700 to 23000 psf for undrained conditions, based upon CPT and DMT 

sounding results.  A conservative value of 1500 psf was selected.  Refer to Figure 5-4 for 

the results of CPT and DMT testing in this material.  Drained shear strength properties in 

the clay dike deposits were increased from a 22 degree friction angle to a 28 degree 

friction angle as a result of in-situ testing that suggested increased shear strengths in the 

clay dike. The drained parameters used in the stability analysis for residual clay were 

modeled with the same values as specified by Stantec, based upon their laboratory test 

results.     
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Sluiced ash material properties for drained conditions were evaluated by comparing 

consolidated-undrained triaxial and direct shear test results obtained during the subsurface 

exploration with values specified by Stantec.  Following comparison, the drained strength 

values for angle of internal friction and cohesion reported by Stantec were deemed 

appropriate for use in the slope stability analysis.  

The slope stability analyses were undertaken employing the effective and total stress soil 

strength parameters listed in Table 5-2.   
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Table 5-2:  Material Properties for Slope Stability Analysis 

Material 

Unit 

Weight, 

γ  (pcf) 

URS Drained Parameters URS Undrained Parameters Stantec Drained Parameters 

Cohesion, 

c’ (psf) 

Friction 

Angle, φ’ 

(deg.) 

Cohesion, 

c (psf) 

Friction Angle, 

φ (deg.) 

Unit 

Weight, 

γ  (pcf) 

Cohesion, 

c’ (psf) 

Friction 

Angle, 

φ’ (deg.) 

Raised Bottom 

Ash Dike 
105 0 38 0 38 105 0 34 

Initial Bottom 

Ash Dike 
105 0 35 0 35 105 0 33 

Bottom Ash 

Fill 
105 0 30-34 0 30-34 100 0 34 

Sluiced Ash 85 0 26 400 0 85 0 26 

Residual Clay 125 200 27 1000 0 125 200 27 

Pond E Clay 

Dike 
125 200 28 1500 0 125 200 22 

6.0 STABILITY ANALYSIS RESULTS 

6.1 SUMMARY OF ASH POND COMPLEX DIKE STABILITY  

The existing dike configurations at Ash Ponds A and E were analyzed at the thirteen (13) selected 

cross-sections, in conjunction with the strength parameters presented in Table 5-2, and phreatic 

conditions modeled based upon piezometer water level readings.  Global and maintenance-type 

failure analyses were conducted for drained and undrained strength conditions.  Attachment G 

contains GeoStudio slope stability outputs for each section analyzed.   

6.1.1 GLOBAL STABILITY RESULTS 

In most cases, the resulting global factors of safety are on the order of 1.5 or greater.  A 

global factor of safety less than 1.5 was computed at cross-section K of Ash Pond A.  The 

resulting factor of safety at this section was 1.4, which is marginally lower than the target 

value of 1.5.  In all other cases, the factor of safety for global conditions was acceptable.  

Total Stress Analyses were also completed to verify that the undrained strength of the clay 

materials and sluiced ash would meet a minimum factor of safety of 1.5.  Results of these 

analyses were similar to those for drained conditions.     
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6.1.2 MAINTENANCE STABILITY RESULTS 

The results of the slope stability analyses indicate that the existing dike configuration at 

five (5) sections at Ash Pond A have unacceptable maintenance stability factors of safety.  

Cross-section K has the lowest stability factors of safety for existing conditions, with 

maintenance FS of 1.1 and global FS of 1.4.  As such, Section K was considered the critical 

cross-section and was used to evaluate remediation alternatives (See discussion in Section 

7 of this report).  Maintenance stability analyses at Ash Pond E resulted in factors of safety 

in excess of 1.5.   Therefore, remediation alternatives were not evaluated for sections 

around Ash Pond E. 

Table 6-1 summarizes the stability of the embankment sections analyzed by URS, comparing these 

results with those reported by Stantec in 2010.  The results of the URS slope stability analyses are 

presented on each stability cross-section in Attachment E. 
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Table 6-1:  Summary of URS Stability Analysis Results 

Location Section Failure Type 
Existing FS 

Drained 

Existing FS 

Undrained 

Stantec Stability 

Analysis Results 2010 

Ash 

Pond A 

L 
Global 1.9 2.0 NA 

Maintenance 1.6 1.7 NA 

K 
Global 1.4  1.4 1.5 

Maintenance 1.1  1.1 1.2 

J 
Global 1.5  1.5 1.5 

Maintenance 1.3  1.3 1.2 

Q 
Global 1.5  1.6 NA 

Maintenance 1.3  1.6 NA 

I 
Global 1.5  1.5 NA 

Maintenance 1.2  1.2 NA 

H 
Global 1.5 1.5 1.5 

Maintenance 1.1 1.1 1.4 

Ash 

Pond E 

G 
Global 2.9 2.9 2.2 

Maintenance 2.8 2.9 1.5 

F 
Global 2.3 2.0 2.0 

Maintenance 2.6 2.7 1.1 

P 
Global 2.8 3.3 NA 

Maintenance 2.4 3.2 NA 

C 
Global 2.0 1.6 1.5 

Maintenance 1.9 1.8 1.6 

B 
Global 1.9 1.5 1.5 

Maintenance 1.9 2.6 1.5 

O 
Global 2.1 1.9 NA 

Maintenance 2.0 2.4 NA 

A 
Global 2.2 2.6 NA 

Maintenance 2.0 2.5 NA 
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7.0 REMEDIATION ALTERNATIVES 

To address reduced maintenance and global stability factors of safety at the Ash Pond A divider dike, 

remediation alternatives were modeled and evaluated in SLOPE/W to assess their impact on the factors of 

safety.  As the critical section having the lowest maintenance and global factors of safety, stability section 

K was used to assess each alternative. The same strength parameters used in the analyses for existing 

conditions were used in the alternatives evaluation.  Where applicable, two additional material types were 

included in the remediation alternative’s analysis; Rip Rap and Recompacted Bottom Ash Fill.  Material 

properties for Rip Rap were selected based upon site experience and are consistent with similar slope 

stability evaluations performed at the WCF site.  Compacted Bottom Ash Fill was modeled using strength 

parameters similar to those used for Bottom Ash Fill in the existing condition analyses.  A discussion of the 

alternatives considered follows: 

Lower Pond A Pool Levels – The lowering of the Pond A pool levels as part of the Pond A Spillway upgrade 

project was evaluated as a potential for remediating the low factors of safety.  The slope stability analysis 

indicates that lowering of the planned pool elevations will not raise maintenance factors of safety to 1.5.  

Therefore, this alternative was not considered as a suitable remediation alternative; however, once 

implemented, this condition will result in increased global factors of safety for the other alternatives 

presented below.  

Flatten Slope to 2:1 – This alternative includes flattening the downstream slope (Stilling Pond side) of the 

divider dike at Ash Pond A by cutting back the existing slope to a final grade of 2H:1V.  At each section 

along the Pond A divider dike this alternative would maintain a minimum dike roadway width between 25 

and 30 ft after constructing the 2:1 slope.  However, this alternative is also not sufficient to raise the 

maintenance factors of safety to 1.5 at the critical sections and therefore, this option was not considered 

further.       

Flatten Slope to 2.5:1 – This alternative includes flattening the downstream slope (Stilling Pond side) of the 

divider dike at Ash Pond A by cutting back or filling the existing slope to a final grade of 2.5H:1V. This 

option would be designed to maintain the existing minimum dike roadway width of approximately 30 ft.  

The results of the stability analysis indicate that the 2.5:1 flattened slope will raise factors of safety to 1.5 

or greater.  Figure 7-1 depicts a typical detail of the 2.5:1 slope remediation alternative.  This alternative is 

therefore considered the preferred approach for remediating the Ash Pond A dike and has been selected 

by TVA. 

As part of the selected flattened slope alternative, a 10 foot wide Rip Rap bench is also to be constructed 

at the downstream toe of slope.  The bench is recommended to allow for safe access and construction at 

the toe of the dike as well as facilitate future maintenance and inspection.   
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Figure 7-1:  2.5H:1V Flattened Slope Typical Detail 
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7.1 SELECTED ALTERNATIVE ANALYSIS RESULTS 

Results of the selected alternative stability analysis indicate that grading the steep slopes at Ash 

Pond A to a slope of 2.5:1 will increase the maintenance and global factors of safety to 1.5 or 

higher.  At cross-sections K, J, and I, achieving a final slope of 2.5:1 will require placing fill material 

on the downstream slopes in order to sustain required dike widths for traffic flow.  The remaining 

sections at Pond A will be cut and graded to a final slope of 2.5:1.  In addition to critical section K, 

stability section H was analyzed using a 2.5:1 cut slope, in order to verify that a cut slope of 2.5:1 

results in sufficient factors of safety.  The stability analysis results indicate that acceptable factors 

of safety can be achieved when the slope is either graded by placing bottom ash fill material, or by 

cutting the existing slope to desired final grades.  Table 7-1 presents the factor of safety results for 

critical sections K and H, when the slope is filled, or cut, respectively.  The remaining sections are 

expected to have global and maintenance factors of safety in excess of 1.5.   

Table 7-1:  Stability Results for 2.5:1 Slope Alternative 

Location Section Failure Type  
FS Fill/Cut 

Slope of 2.5:1 

Ash Pond 

A 

K 
Global 2.0 

Maintenance 1.6 

H 
Global 1.9 

Maintenance 1.7 

 

Refer to Attachment H for slope stability model outputs for the 2.5:1 slope selected alternative.   

7.1.1 INTERIM CONSTRUCTION ANALYSIS RESULTS 

As part of the stability analysis for the selected reconstructed 2.5H:1V dike slope 

alternative, an evaluation of the temporary construction conditions was performed in 

order to verify that sufficient slope stability will be maintained during construction.   The 

critical slope stability case during interim construction occurs when equipment is situated 

at the edge of the downstream slope crest and works to grade the existing slope to final 

proposed grades.  Based upon the proposed construction sequence, the rip rap 

construction bench will be constructed prior to the start of slope grading.  As such, a slope 

stability model was developed where the rip rap construction bench has been constructed 

to final proposed grades but the existing downstream slope has not been altered from its 

existing condition.   

The interim construction analysis evaluated three loading scenarios which represented 

construction equipment working on the crest of the dike, as described above.  Each piece 

of equipment was modeled by applying a representative surcharge load near the edge of 

the crest of the dike and oriented based upon the direction the equipment would be 
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seated.  The applied surcharge loads correspond to the following construction equipment 

typically used at TVA facilities: 

• CAT 324E HEX Long Reach Excavator; and 

• CAT 740 Articulated Dump Truck fully loaded. 

The CAT 324E Excavator was modeled as two separate surcharge loads in order to 

represent the two directions the equipment may be situated and work on the dike crest.  

The first loading condition corresponds to a CAT 324E Excavator seated with tracks parallel 

to the existing road.  In this case two strip surcharge loads are applied at the crest of the 

downstream slope, simulating the equipment tracks.  The second loading condition 

corresponds to a CAT 324E Excavator seated with tracks perpendicular to the existing road. 

One strip surcharge load was modeled in this case, simulating the total surcharge load from 

the weight of the excavator distributed over the length of the track.   In a similar way, the 

fully loaded CAT 740 Articulated Dump truck was modeled as a single strip surcharge load 

oriented perpendicular to the existing road and for potential scenarios such as parking 

parallel to the slope.  The corresponding slope stability results are considered conservative 

because SlopeW assumes the equipment is infinitely wide along the length of the dike.  The 

load cases as they were applied in SlopeW are as follows:  

Load Case 1:  No equipment loading on the crest of the dike 

Load Case 2:  CAT 324E HEX Long Reach Excavator seated parallel to the road; modeled 

with two surcharge loads 

Load Case 3:  CAT 324E HEX Long Reach Excavator seated perpendicular to the road; 

modeled with one surcharge load 

Load Case 4:   CAT 740 Articulated Dump Truck fully loaded seated perpendicular to the 

road and parallel to the slope; modeled with one surcharge load. 

The slope stability models were also used to determine where equipment could safely 

operate in relation to the dike crest edge during construction and maintain stability of the 

slopes.  Each equipment load was applied at the very edge of the dike crest and then 

incrementally moved away from the edge until the stability factor of safety exceeded the 

target factor of safety for temporary construction conditions of 1.3.  Results of the analysis 

indicate that a CAT 324E Excavator may operate on the very edge of the dike crest (0 ft set 

back) while maintaining a temporary construction stability factor of safety of 1.3.  

Conversely, the analysis indicates that operating the fully loaded CAT 740 Articulated Dump 

truck right at the edge of the crest of the dike will result in factors of safety slightly below 

the target value.   Therefore, URS recommends that fully loaded dump trucks be positioned 

to sit no closer than 2 feet from the downstream edge of the crest of the dike.  The critical 

factor of safety computed for this configuration is 1.3, which is equal to the target value 
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given in the Programmatic Document.  Refer to Attachment H for slope stability model 

outputs for the interim construction slope stability evaluation completed for the selected 

reconstructed 2.5H:1V dike slope alternative.   

7.2 FLATTENED SLOPE FACING OPTIONS 

Two options were considered for the final surface of the reconstructed 2.5:1 dike slope.  These 

options are introduced below.  

Option 1: Rip Rap Slope Facing – Consists of placing a non-woven geotextile on the reconstructed 

2.5:1 bottom ash slope and overlaying with 1 foot of TDOT Class A-1 Rip Rap as shown on Figure 7-

2, below.  

Figure 7-2:  Option 1 Typical Detail 

 

 

Option 2: Vegetated Slope Facing – Consists of placing a 6 inch thick layer of topsoil on the 

reconstructed 2.5:1 bottom ash slope and surfacing with erosion control matting and seed and 

mulchas shown on Figure 7-3, below.  

Figure 7-3:  Option 2 Typical Detail 
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Based upon the results or our evaluation, the vegetated slope facing option is anticipated to 

provide the most construction friendly and closure ready surface for the future closure of Ash 

Pond A.  Therefore, the vegetated slope facing was selected by TVA for the slope facing option.  

7.3 ADDITIONAL CONSIDERATIONS 

As part of the stability analyses, URS considered the impact future projects at Ash Pond A will have 

on long-term slope stability and how the selected remediation alternative will function after 

implementation of those projects.  Additionally, analysis of the ½ Probable Maximum Precipitation 

event was completed and a discussion of the results follows:     

½ Probable Maximum Precipitation (1/2-PMP) Event – The ½-PMP storm event was analyzed in 

SLOPE/W using a high water elevation in Pond A of 472.66 ft, and downstream Stilling Pond water 

elevation of 462 ft, in conjunction with a 2.5:1 flattened slope and rip rap bench at Section K, and 

the resulting factors of safety were 1.3 and 1.6, for maintenance and global stability, respectively.  

These factors of safety are considered acceptable for a temporary, extreme event.  Slope stability 

results for this analysis are presented in Attachment H.     

Pond A Spillway Replacement Project – The Pond A spillway was designed to lower the elevation in 

Pond A by 2 ft, resulting in a final pool elevation of approximately 467.9.  On November 3, 2013 

the Pond A water level was lowered to El. 467.9 and has been operating in this range since.  

Lowering the pond water level will improve overall global stability, but will have little effect on the 

maintenance stability, which is primarily controlled by water levels in the downstream Stilling 

Pond.  By inspection, the proposed Pond A Spillway Project will result in higher global factors of 

safety and minimal or no change in the maintenance stability.  Preliminary analysis of lowered 

Pond A levels was completed and the results are included in Attachment H. 
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Ash Pond Closure – The preliminary Ash Pond Closure Plan includes closure grades of a minimum 

3% design slope within the dike containment area of Ash Pond A.  The recommended dike 

improvement at Ash Pond A is anticipated to be sufficient to maintain acceptable maintenance and 

global factors of safety upon completion of final closure.  Due to the existing high stability factors, 

any reductions in dike stability as a result of final closure are expected to remain at or above 1.5 

for maintenance and global conditions.    

It is also TVA’s objective for each slope surfacing option presented in 7.2 above to facilitate final 

closure of Ash Pond A and the associated ash dikes.  Currently there are no regulations requiring 

the closure of embankments constructed of CCP materials.  However, anticipated changes to US 

EPA regulations governing CCP materials are pending.  As such, each option was evaluated with 

respect to its ability to facilitate final closure. 

8.0 CONCLUSIONS 

Computed factors of safety for global stability along the divider and perimeter dikes of Ash Pond A were 

1.5 or higher at the majority of cross-sections, confirming the results of previous analyses.  The only 

exception being cross-section K which has a global factor of safety of 1.4.  These stability results also 

indicate that existing conditions at Ash Pond E maintain acceptable factors of safety.  For that reason, no 

additional improvements are required along the Ash Pond E perimeter dikes.   

Based upon the results of our analysis, URS recommends and TVA has selected to remediate the entire 

length of the Pond A divider dike by flattening and vegetating the downstream slope to 2.5H:1V.  The 

limits of this improvement should extend from the northeast point of Ash Pond E where the Pond E 

divider dike intersects the Pond A divider dike, up to the northeastern point of Ash Pond A, along the 

divider dike.  A 10 foot wide Rip Rap bench is also to be constructed at the toe of the slope to allow for 

safe access and construction at the toe of the slope in the existing Stilling Pond.  The bench would also 

provide long-term safe access to the toe of the dike during future maintenance and inspection.  The 

proposed remediation will meet all project objectives discussed in the report including providing 

acceptable factors of safety, allowing for current pond operating levels, meeting the Programmatic 

Document, reducing future maintenance and facilitating future closure.  

In addition, URS recommends and TVA has selected to have that the Pond A flattened slope covered with 

topsoil and vegetated.  This option will meet all project objectives discussed above including providing 

acceptable factors of safety, allowing for current pond operating levels, meeting the Programmatic 

Document, reducing future maintenance and facilitating future closure.   
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Objective	
Develop drained and undrained shear strength and unit weight parameters values for the CCR material
at the Gallatin Fossil Plant (GAF) in Gallatin, TN.  The shear strength parameters will be used in static and
seismic slope stability analyses for the Non-Registered Site (NRS) at GAF.

Procedure	
The procedure for developing the drained and undrained shear strength and unit weight design values is
described below. In general, the procedure involved analyzing laboratory testing data performed on
samples  of  CCR collected by AECOM in  2016 and 2017.  The samples  were collected from the 5  active
and inactive CCR units at GAF, including Ash Pond A, Ash Pond E, Middle Pond A, the Bottom Ash Pond,
and the Non Registered Site (NRS). Samples of CCR for strength and permeability testing were collected
at each CCR unit using relatively undisturbed Shelby tube sampling techniques. The collected samples
were sealed in the field using O-ring packers transported to AECOM’s laboratory testing subcontractor
(GeoTesting Express [GTX]) for laboratory testing. Although a wide range of physical laboratory tests
were performed by GTX, data utilized for this material characterization was limited to data from the
following strength and permeability tests:

· Direct Shear (ASTM D 3080) – 30 specimens
· Isotropically Consolidated Undrained Triaxial Shear (ASTM D 4767) – 30 specimens
· Static Consolidated Undrained Direct Simple Shear (ASTM D 6528) – 2 specimens
· Cyclic Consolidated Undrained Direct Simple Shear (ASTM D 6528) – 10 specimens
· Flexible Wall Permeability (ASTM D 5084) – 10 specimens

Drained	Shear	Strength	Characterization		
GTX performed isotropically consolidated undrained (CIU) triaxial tests with pore pressure
measurements on 10 separate Shelby tube samples (30 total test specimens), with effective confining
stresses ranging from 4 to 33 psi. The results of the CIU triaxial tests were plotted on a p’-q plot. The use
of p’-q plots allows the failure stress of each triaxial test specimen to be  shown as a single point on a
plot, using equations based on equations from Holtz and Kovacs (1981), which are also presented
below1. Failure stresses were defined using the maximum ratio of principal effective stresses during the
triaxial test (σ’1/σ’3, or peak obliquity), as recommended in Appendix D of United States Army Corps of
Engineers (USACE) Engineer Manual (EM) 1110-2-1902 (2003). However, in order to reduce the potential
effects of strain compatibility, failure was limited to 10% strain (e.g if peak obliquity occurred above 10%
strain, failure was assumed to correspond to the stresses acting on the specimen at 10% strain). Note

1 The notation in the equations for horizontal and vertical stress has been modified to s1 and s3 instead of sv and
sh, respectively. For a triaxial compression test, s1 = sv and s3 = sh.
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that all but one of the specimens met failure prior to 10% strain, with an average strain at peak obliquity
of 3%.

ݍ = ఙభିఙయ
ଶ

(based on Eqn. 10-18 from Holtz and Kovacs, 1981)

 = ఙభାఙయ
ଶ

 (based on Eqn. 10-19 from Holtz and Kovacs, 1981)

′ =  − ݑ  (Eqn. from page 474 of Holtz and Kovacs, 1981)

where:

σ1 = vertical stress

σ3 = horizontal stress

u = excess pore water pressure

Using the p’-q plot, the design shear strength envelope was represented using a stress ratio at failure
line (Kf). The Kf line is drawn at an angle of Ψ and a y-intercept of a’, which can be converted to a Mohr-
Coulomb f’  and  c’  failure  envelope  using  sin f’  =  tan  Ψ and  c’  =  a’/cos f (Eqn. 10-24 and 10-25,
respectively, Holtz & Kovacs, 1981). The design shear strength envelope was selected so approximately
two-thirds of the specimens failed above the design envelope, while the remaining one-third failed
below the design envelope, in order to provide a representative lower-bound design shear strength.
Based  on  this  analysis,  the  CCR  has  been  characterized  as  a  cohesionless  (c’  =  0  psf)  material  as  the
testing data did not indicate the presence of effective cohesion.

The  effective  stress  data  from  CIU  testing  is  presented  in Figure 1.  The design drained strength
parameters are f’= 42 degrees and c’ = 0 psf.  The data did not indicate a significant variability in drained
CCR strength between CCR in each of the 5 CCR units, therefore a single design value was selected for
the site and will be used for slope stability analysis at the NRS. Tabulated CIU test data and a large-scale
p’-q plot are presented in the attachments.
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Figure 1: p’-q Plot of Effective Stress Data from CIU Testing

In  addition  to  the  CIU  tests,  AECOM  performed  direct  shear  (DS)  tests  on  10  separate  Shelby  tube
samples (30 total test specimens), with normal stresses ranging from 1 to 45 psi.  The results of the DS
tests were plotted as effective normal stress versus shear stress as failure.  Failure was defined as the
maximum  shear  stress  during  testing,  limited  to  10%  strain.  The  plot  of  the  DS  results,  presented  in
Figure 2, shows that the data falls on a failure envelope corresponding to f’= 44 degrees and c’ = 0 psf,
which is higher than the CIU design drained shear strength of f’= 42 degrees and c’ = 0 psf. The design
drained strength for the CCR was selected as f’ = 42 degrees in order to use the more conservative value
from the CIU and DS data.
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Figure 2: Effective Normal and Shear Stress Data from DS Testing

Undrained	Shear	Strength	Characterization		
In addition to the CIU testing, GTX also performed static direct simple shear (SDSS) tests on 2 specimens
of CCR from the site. Undrained shear strength of the CCR was evaluated using both SDSS and CIU
strength tests, as these tests consisted of shearing the CCR in an undrained manner (constant volume
and no drainage during shear). Data from direct shear tests were not used in the undrained shear
strength characterization as the direct shear test is conducted in a fully drained manner (the sample is
allowed to change in volume and drain during shear) and therefore the direct shear test does not
measure undrained shear strength. The undrained shear strength of the CCR was modeled using a ratio
of undrained shear strength to effective consolidation stress on the failure plane, prior to the start of
shear2 (Su/s’fc). This type of characterization was selected as most of the CCR at GAF was recently wet-
sluiced into the CCR units, and is therefore assumed to behave as a normally-consolidated material
during undrained shear due to the absence of any past stresses that would have overconsolidated the
CCR  beyond  the  current  insitu  stress.  Based  on  the  method  of  CCR  placement  as  well  as  AECOM’s
experience with CCR, this means that the shear strength of the CCR can be normalized as a function of

2 Consolidation stress on the failure plane, prior to the start of shearing, is known for both CIU and SDSS testing.
The consolidation stress on the failure plane is equal to the specimen consolidation stress. For the CIU specimens,
this is because they are isotropically consolidated to a uniform stress within the samples. For SDSS specimens, this
is because they are vertically consolidated to a known stress on the horizontal failure plane.

0

1

2

3

4

0 1 2 3 4 5 6 7

Sh
ea

rS
tr

es
s(

ks
f)

Normal Stress (ksf)

Ash Pond A

Ash Pond E

Middle Pond A

Bottom Ash Pond

NRS

f’ = 44°
C’ = 0



Calculation Notes
Subject: CCR Material Characterization

By:  Matt Nanak Date:  06/06/2017

Checked By:  Lucas Carr Date:   06/06/2017

Project Name: TVA GAF EIP

Project No:  60513955

Task No.:  6

Page 5 of 9

consolidation stress on the failure plane. Therefore the Su/s’fc characterization was selected for the
undrained strength of the CCR.

Undrained shear strength data from CIU testing was developed using a derivation developed by AECOM
that relates shear stress on the failure plane at failure (τff)  to  the consolidation stress   prior  to  triaxial
shear (s’fc). The derivation relies on calculating an effective friction angle (f’) for each individual CIU test
specimen, which varies slightly from the overall design f’ of 42 degrees for the CCR at the site. In order
to calculate the effective friction angle, failure for each CIU specimen was defined using peak deviator
stress (s’1 – s’3),  limited  to  15%  strain,  per  USACE  EM  1110-2-1902  (2003).   The  stress  conditions  at
failure were then used to calculate an effective friction angle for each specimen, which was then used in
conjunction with the effective principal stresses at failure to calculate τff. A plot was then prepared
relating tff (y-axis) to the effective consolidation pressure for each triaxial test specimen (x-axis), which is
shown in Figure 4. It should be noted that s’fc is equal to the consolidation stress of the CIU specimen
(s’3c), as the isotropic consolidation stress results in a uniform stress within the specimen prior to shear.

Figure 3: Derivation of tff from p-q data

In  addition  to  the  CIU  triaxial  tests  previously  discussed,  AECOM  performed  SDSS  tests  on  2  separate
Shelby tube samples (2 total test specimens), with an effective confining stress of 15 psi. In order to be
consistent with the CIU data, failure for the SDSS test specimens was defined using peak shear stress (tff)
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limited to 15% strain. Because the SDSS directly measures shear stress on the failure plane at failure, τff

was plotted versus the specimen consolidation stress for the SDSS tests (σ’fc = 15 psi). A plot of the SDSS
failure envelope is presented in Figure 5.

Figure 4: Undrained Strength Characterization from CIU Data
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Figure 5: Undrained Strength Characterization from SDSS Data

For the CIU data, values of tff-s’fc were found to exhibit a significant amount of scatter, with tests from
the NRS and Bottom Ash Pond showing high undrained shear strengths (when plotted as a function of
consolidation stress), while tests from Middle Pond A exhibiting moderate scatter and Ash Pond A and
Ash Pond E showed relatively consistently and lower undrained shear strengths, that followed tff/s’fc of
approximately 0.32. This is likely due to the presence of significant quantities of bottom ash within
specimens from the NRS and Bottom Ash Pond. The bottom ash is typically gravel-like in gradation, and
therefore resulted in the development of high negative pore pressures during shear, which significantly
increases the effective stress in the specimen at failure. However, all  CCR units at the site are likely to
have variations within the spatial extents of bottom ash and fly ash. Therefore, a lower-bound tff/s’fc

ratio of 0.32 was selected as the design shear strength for the CCR, primarily based on the results of CIU
tests form Middle Pond A and Ash Pond E. SDSS tests performed on specimens of CCR form Ash Pond A
and the NRS indicated that a similar tff/s’fc ratio is reasonable, so the ratio of 0.32 was selected as the
lower-bound design ratio for all CCR at the site.

Unit	Weight	Characterization		
Total  (moist,  or  in-situ)  unit  weight  test  data  was  collected  from  30  CIU  test  specimens,  30  DS  test
specimens,  10  cyclic  direct  simple  shear  (CDSS)  test  specimens,  2  SDSS  test  specimens,  and  10
permeability test specimens collected at each of the 5 CCR units at GAF. Collected total unit weight data
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ranged  from  60  pcf  to  125  pounds  per  cubic  foot  (pcf)  with  an  average  unit  weight  of  90  pcf  and  a
standard  deviation  of  12.5  pcf.  The  large  variation  of  total  unit  weights  is  likely  due  to  the  variable
historic  coal  combustion processes  as  well  as  intermingling  of  various  types  of  CCR (mixed fly  ash and
bottom ash). Trends in unit weight were not identified for any of the 5 CCR units, and therefore a single
mean  design  value  of  90  pcf  was  selected  for  the  entire  site.  Tabulated  data  of  the  collect  total  unit
weight data is presented in the attachments, and is shown graphically in Figure 6.

Figure 6: Collected Total Unit Weight Data

Results	
Based on the evaluation described above, AECOM has developed design drained and undrained shear
strength values and a unit weight for the CCR material within the 5 CCR units at GAF. AECOM’s analysis
did not identify significant trends in values for each CCR unit, and therefore a single set of design values
has been assigned for all 5 CCR units.  The design values are summarized in Table 1.

Table 1: Design Strength Properties

Material Total Unit Weight
(pcf)

Drained Strength
(Effective Stress)

Undrained Strength
(Total Stress)

f’ (deg) c’ (psf) tff/σ’fc

CCR 90 42 0 0.32
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PROJECT NAME: TVA Gallatin
PROJECT LOCATION: Gallatin, TN
POND NAME: All Ponds
SECTION: All Sections
MATERIALS: CCR Materials
PROJECT NUMBER: 60513955
WORK TITLE: CIU Tests Data Reduction

Rev. No. Rev By: Date: Chck By: Date:
0 MJN 4/5/2017 LPC 4/5/2017

CCR 1 MJN 4/6/2017 LPC 4/6/2017
2 MJN 4/17/2017 LPC 4/18/2017
3 MJN 4/18/2017 LPC 4/19/2017
4

p' q p p' q p p' q p p' q p p' q p
(ft) (%) (psi) (psi) (psi) (psi) (psi) (psi) (psi) (ksf) (ksf) (ksf) (ksf) (ksf) (ksf) (ksf) (ksf) (ksf) (ksf) (ksf) (ksf) (ksf) (ksf) (ksf)

1.85 5.0 5.78 1.86 10.77 3.14 6.31 4.45 9.45 0.91 0.64 1.36 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
2.28 10.0 5.20 2.68 13.94 7.30 8.31 5.63 15.62 1.20 0.81 2.25 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
1.34 15.0 6.11 2.88 17.58 12.12 10.23 7.35 22.36 1.47 1.06 3.22 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
1.35 10.0 6.16 1.68 10.34 8.22 6.01 4.33 14.33 #N/A #N/A #N/A #N/A #N/A #N/A 0.87 0.62 2.06 #N/A #N/A #N/A #N/A #N/A #N/A
1.90 15.0 5.84 2.79 16.29 12.21 9.54 6.75 21.75 #N/A #N/A #N/A #N/A #N/A #N/A 1.37 0.97 3.13 #N/A #N/A #N/A #N/A #N/A #N/A
2.02 25.0 5.08 4.54 23.07 20.46 13.81 9.26 34.26 #N/A #N/A #N/A #N/A #N/A #N/A 1.99 1.33 4.93 #N/A #N/A #N/A #N/A #N/A #N/A
2.60 7.0 5.57 3.22 17.90 3.80 10.56 7.34 14.34 #N/A #N/A #N/A 1.52 1.06 2.06 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
5.15 10.5 6.18 2.51 15.54 7.98 9.03 6.51 17.00 #N/A #N/A #N/A 1.30 0.94 2.45 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
3.50 14.0 6.33 2.04 12.91 11.94 7.47 5.43 19.43 #N/A #N/A #N/A 1.08 0.78 2.80 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
3.80 5.0 6.04 1.49 8.98 3.51 5.23 3.75 8.75 #N/A #N/A #N/A #N/A #N/A #N/A 0.75 0.54 1.26 #N/A #N/A #N/A #N/A #N/A #N/A
3.73 12.5 3.71 3.14 11.66 9.34 7.40 4.26 16.76 #N/A #N/A #N/A #N/A #N/A #N/A 1.07 0.61 2.41 #N/A #N/A #N/A #N/A #N/A #N/A
2.15 20.0 4.94 3.89 19.23 16.11 11.56 7.67 27.67 #N/A #N/A #N/A #N/A #N/A #N/A 1.66 1.10 3.98 #N/A #N/A #N/A #N/A #N/A #N/A
4.00 11.0 6.49 3.31 21.48 7.70 12.40 9.08 20.08 #N/A #N/A #N/A 1.78 1.31 2.89 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
7.45 22.0 8.02 2.83 22.68 19.14 12.76 9.93 31.93 #N/A #N/A #N/A 1.84 1.43 4.60 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
10 33.0 3.39 8.08 27.40 24.94 17.74 9.66 42.68 #N/A #N/A #N/A 2.55 1.39 6.15 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A

2.28 5.0 4.47 7.19 32.15 -2.20 19.67 12.48 17.48 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A 2.83 1.80 2.52 #N/A #N/A #N/A
4.43 10.0 4.54 10.75 48.78 -0.76 29.77 19.02 29.00 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A 4.29 2.74 4.18 #N/A #N/A #N/A
3.64 15.0 4.47 13.05 58.27 1.95 35.66 22.61 37.61 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A 5.14 3.26 5.42 #N/A #N/A #N/A
2.95 7.5 5.34 9.09 48.49 -1.59 28.79 19.70 27.20 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A 4.15 2.84 3.92 #N/A #N/A #N/A
6.00 12.5 4.95 11.39 56.38 1.06 33.89 22.50 34.99 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A 4.88 3.24 5.04 #N/A #N/A #N/A
5.00 17.5 5.18 15.16 78.56 2.36 46.86 31.70 49.22 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A 6.75 4.57 7.09 #N/A #N/A #N/A
1.05 5.0 8.08 3.15 25.41 1.85 14.28 11.13 16.13 2.06 1.60 2.32 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
1.73 15.0 5.48 3.41 18.67 11.57 11.04 7.63 22.62 1.59 1.10 3.26 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
3.33 25.0 5.00 5.73 28.64 19.27 17.19 11.45 36.44 2.47 1.65 5.25 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
3.98 4.0 5.49 2.09 11.47 1.91 6.78 4.69 8.69 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A 0.98 0.68 1.25
3.08 8.0 4.49 7.49 33.65 0.50 20.57 13.08 21.08 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A 2.96 1.88 3.04
2.45 12.0 5.32 6.85 36.43 5.05 21.64 14.79 26.79 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A 3.12 2.13 3.86
1.55 9.0 14.46 1.50 21.65 7.50 11.58 10.08 19.08 #N/A #N/A #N/A #N/A #N/A #N/A 1.67 1.45 2.75 #N/A #N/A #N/A #N/A #N/A #N/A
1.55 18.0 5.35 5.94 31.80 12.06 18.87 12.93 30.93 #N/A #N/A #N/A #N/A #N/A #N/A 2.72 1.86 4.45 #N/A #N/A #N/A #N/A #N/A #N/A
2.32 27.0 4.48 11.84 53.02 15.16 32.43 20.59 47.59 #N/A #N/A #N/A #N/A #N/A #N/A 4.67 2.96 6.85 #N/A #N/A #N/A #N/A #N/A #N/A
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Attachment	2:	DS	Tests	Data	Reduction	
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PROJECT NAME: TVA Gallatin
PROJECT LOCATION: Gallatin, TN
POND NAME: All Pond
SECTION: All Sections
MATERIALS: CCR Materials
PROJECT NUMBER: 60513955
WORK TITLE: DS Test Data Reduction

Rev. No. Revised By: Date: Checked By: Date:
0 MJN 4/5/2017 LPC 4/5/2017

CCR

Normal Shear Normal Shear Normal Shear Normal Shear Normal Shear
(ft) (psi) (psi) (%) (ksf) (ksf) (ksf) (ksf) (ksf) (ksf) (ksf) (ksf) (ksf) (ksf)

4 3.6 2.377 0.58 0.52 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
6 5.3 9.996 0.86 0.76 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
8 9.5 9.972 1.15 1.36 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A

15 14.2 6.812 2.16 2.04 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
30 22.4 4.132 4.32 3.23 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
45 28.3 4.600 6.48 4.08 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
5 4.8 6.644 #N/A #N/A 0.72 0.69 #N/A #N/A #N/A #N/A #N/A #N/A

10 9.7 3.621 #N/A #N/A 1.44 1.39 #N/A #N/A #N/A #N/A #N/A #N/A
20 21.8 9.740 #N/A #N/A 2.88 3.14 #N/A #N/A #N/A #N/A #N/A #N/A
8 8.8 10.000 #N/A #N/A #N/A #N/A 1.15 1.27 #N/A #N/A #N/A #N/A

12 15.0 3.068 #N/A #N/A #N/A #N/A 1.73 2.16 #N/A #N/A #N/A #N/A
16 18.1 9.140 #N/A #N/A #N/A #N/A 2.30 2.61 #N/A #N/A #N/A #N/A
1 2.3 7.512 #N/A #N/A 0.14 0.34 #N/A #N/A #N/A #N/A #N/A #N/A
4 3.9 1.257 #N/A #N/A 0.58 0.56 #N/A #N/A #N/A #N/A #N/A #N/A
7 5.2 9.316 #N/A #N/A 1.01 0.75 #N/A #N/A #N/A #N/A #N/A #N/A
1 1.7 2.485 #N/A #N/A #N/A #N/A #N/A #N/A 0.14 0.24 #N/A #N/A
6 9.6 7.836 #N/A #N/A #N/A #N/A #N/A #N/A 0.86 1.39 #N/A #N/A

11 10.0 9.776 #N/A #N/A #N/A #N/A #N/A #N/A 1.58 1.43 #N/A #N/A
10 12.3 4.096 #N/A #N/A #N/A #N/A 1.44 1.77 #N/A #N/A #N/A #N/A
17 18.8 9.180 #N/A #N/A #N/A #N/A 2.45 2.71 #N/A #N/A #N/A #N/A
23 19.4 4.232 #N/A #N/A #N/A #N/A 3.31 2.79 #N/A #N/A #N/A #N/A
2 2.8 8.064 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A 0.29 0.40
7 6.8 10.000 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A 1.01 0.97

12 13.1 9.396 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A 1.73 1.89
5 8.8 4.328 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A 0.72 1.26

10 11.5 9.924 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A 1.44 1.66
15 17.0 8.612 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A 2.16 2.45
3 3.5 9.940 #N/A #N/A #N/A #N/A #N/A #N/A 0.43 0.51 #N/A #N/A

13 14.8 9.940 #N/A #N/A #N/A #N/A #N/A #N/A 1.87 2.13 #N/A #N/A
33 28.8 9.972 #N/A #N/A #N/A #N/A #N/A #N/A 4.75 4.15 #N/A #N/A
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Attachment	3:	CIU	and	SDSS	Undrained	Strength	Data	Reduction	
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PROJECT NAME: TVA Gallatin
PROJECT LOCATION: Gallatin, TN
POND NAME: All Ponds
SECTION: All Sections
MATERIALS: CCR Materials
PROJECT NUMBER: 60513955
WORK TITLE: Undrained Strength Characterization

Rev. No. Rev By: Date: Chck By: Date:
0 MJN 4/17/2017

CCR 1 MJN 4/18/2017 LPC 4/19/2017
2
3
4

σ'fc τff σ'fc τff σ'fc τff σ'fc τff σ'fc τff

(ft) (%) (psi) (psi) (psi) (psi) (psi) (deg) (psi) (psi) (ksf) (ksf) (ksf) (ksf) (ksf) (ksf) (ksf) (ksf) (ksf) (ksf)
5.67 5.0 9.78 2.77 7.13 4.89 43.3 5.00 3.56 0.72 0.51 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
4.43 10.0 11.85 7.01 8.92 5.92 41.6 9.99 4.43 1.44 0.64 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
1.21 15.0 14.75 12.11 10.27 7.38 45.9 15.01 5.13 2.16 0.74 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
2.63 10.0 8.90 8.06 6.39 4.45 44.1 10.00 3.19 #N/A #N/A #N/A #N/A 1.44 0.46 #N/A #N/A #N/A #N/A
2.63 15.0 13.83 12.01 9.90 6.92 44.3 15.00 4.95 #N/A #N/A #N/A #N/A 2.16 0.71 #N/A #N/A #N/A #N/A
1.59 25.0 18.55 20.37 13.92 9.27 41.8 25.00 6.91 #N/A #N/A #N/A #N/A 3.60 1.00 #N/A #N/A #N/A #N/A

10.33 7.0 16.29 2.86 12.29 8.15 41.5 7.00 6.10 #N/A #N/A 1.01 0.88 #N/A #N/A #N/A #N/A #N/A #N/A
12.30 10.5 18.57 4.87 14.91 9.29 38.5 10.49 7.26 #N/A #N/A 1.51 1.05 #N/A #N/A #N/A #N/A #N/A #N/A
8.67 14.0 11.66 11.56 8.27 5.83 44.8 14.00 4.14 #N/A #N/A 2.02 0.60 #N/A #N/A #N/A #N/A #N/A #N/A
3.73 5.0 7.50 3.51 5.25 3.75 45.7 5.00 2.62 #N/A #N/A #N/A #N/A 0.72 0.38 #N/A #N/A #N/A #N/A
4.25 12.5 8.56 9.34 7.44 4.28 35.1 12.50 3.50 #N/A #N/A #N/A #N/A 1.80 0.50 #N/A #N/A #N/A #N/A
1.33 20.0 15.85 15.77 12.16 7.92 40.7 20.00 6.01 #N/A #N/A #N/A #N/A 2.88 0.87 #N/A #N/A #N/A #N/A

13.70 11.0 20.75 6.18 15.21 10.37 43.0 11.00 7.58 #N/A #N/A 1.58 1.09 #N/A #N/A #N/A #N/A #N/A #N/A
3.40 22.0 20.76 18.60 13.78 10.38 48.9 22.00 6.83 #N/A #N/A 3.17 0.98 #N/A #N/A #N/A #N/A #N/A #N/A
6.88 33.0 19.67 24.34 18.53 9.84 32.1 33.02 8.34 #N/A #N/A 4.75 1.20 #N/A #N/A #N/A #N/A #N/A #N/A
5.90 5.0 34.94 -5.97 28.43 17.47 37.9 5.00 13.78 #N/A #N/A #N/A #N/A #N/A #N/A 0.72 1.98 #N/A #N/A
8.70 10.0 42.94 -3.04 34.52 21.47 38.5 9.99 16.81 #N/A #N/A #N/A #N/A #N/A #N/A 1.44 2.42 #N/A #N/A
8.86 15.0 59.96 -7.10 52.08 29.98 35.1 15.00 24.51 #N/A #N/A #N/A #N/A #N/A #N/A 2.16 3.53 #N/A #N/A

13.61 7.5 68.28 -11.00 52.64 34.14 40.4 7.50 25.99 #N/A #N/A #N/A #N/A #N/A #N/A 1.08 3.74 #N/A #N/A
14.68 12.5 55.66 -3.71 44.04 27.83 39.2 12.49 21.57 #N/A #N/A #N/A #N/A #N/A #N/A 1.80 3.11 #N/A #N/A
12.40 17.5 82.94 -7.19 66.18 41.47 38.8 17.52 32.32 #N/A #N/A #N/A #N/A #N/A #N/A 2.52 4.65 #N/A #N/A
7.45 5.0 47.55 -6.86 35.63 23.77 41.9 5.00 17.71 0.72 2.55 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
5.93 15.0 17.50 10.26 13.48 8.75 40.5 14.99 6.66 2.16 0.96 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
7.80 25.0 26.42 17.10 21.12 13.21 38.7 24.99 10.31 3.60 1.48 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A

15.00 4.0 18.39 -1.65 14.85 9.19 38.3 4.00 7.22 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A 0.58 1.04
10.65 8.0 56.45 -13.25 49.47 28.23 34.8 8.00 23.18 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A 1.15 3.34
12.75 12.0 49.43 -2.90 39.60 24.71 38.6 12.00 19.31 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A 1.73 2.78
10.68 9.0 33.66 1.21 24.63 16.83 43.1 9.00 12.29 #N/A #N/A #N/A #N/A 1.30 1.77 #N/A #N/A #N/A #N/A
9.30 18.0 33.58 7.12 27.69 16.79 37.3 18.00 13.35 #N/A #N/A #N/A #N/A 2.59 1.92 #N/A #N/A #N/A #N/A

14.78 27.0 53.76 5.94 47.99 26.88 34.1 27.00 22.27 #N/A #N/A #N/A #N/A 3.89 3.21 #N/A #N/A #N/A #N/A
GAP042 13-15 NRS 15.00 - - - - - - 15 3.739 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A 2.16 0.54
GAP070 6-8 Ash Pond A 15.00 - - - - - - 15 5.004 2.16 0.72 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
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Attachment	4:	Total	Unit	Weight	Calculation	
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PROJECT NAME: TVA Gallatin
PROJECT LOCATION: Gallatin, TN
POND NAME: All Ponds
SECTION: All Sections
MATERIALS: CCR Materials
PROJECT NUMBER: 60513955
WORK TITLE: Total Unit Weight Calculation

Rev. No. Rev By: Date: Chck By: Date:
Mean 90 0 MJN 4/5/2017
Max 125 1 MJN 4/17/2017 LPC 4/17/2017
Min 60 2 MJN 4/18/2017 LPC 4/19/2017

Std Dev 12.5 3
4

Depth gt Depth gt Depth gt Depth gt Depth gt

ft pcf w% pcf ft pcf ft pcf ft pcf ft pcf ft pcf
40.9 109.6 86 8 86 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
42 105.8 86 8 86 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
46 92.5 89 8 89 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A

47.1 87.8 88 #N/A #N/A #N/A #N/A 8 88 #N/A #N/A #N/A #N/A
47.2 84.6 87 #N/A #N/A #N/A #N/A 8 87 #N/A #N/A #N/A #N/A
46.4 90.8 89 #N/A #N/A #N/A #N/A 8 89 #N/A #N/A #N/A #N/A
61.6 48.6 92 #N/A #N/A 11 92 #N/A #N/A #N/A #N/A #N/A #N/A
45.6 110.3 96 #N/A #N/A 11 96 #N/A #N/A #N/A #N/A #N/A #N/A
46.3 97.1 91 #N/A #N/A 11 91 #N/A #N/A #N/A #N/A #N/A #N/A
54.9 64.2 90 #N/A #N/A #N/A #N/A 6 90 #N/A #N/A #N/A #N/A
54.3 71.8 93 #N/A #N/A #N/A #N/A 6 93 #N/A #N/A #N/A #N/A
55.6 68.7 94 #N/A #N/A #N/A #N/A 6 94 #N/A #N/A #N/A #N/A
62 49.1 92 #N/A #N/A 21 92 #N/A #N/A #N/A #N/A #N/A #N/A

47.9 79.2 86 #N/A #N/A 21 86 #N/A #N/A #N/A #N/A #N/A #N/A
67.9 48.8 101 #N/A #N/A 21 101 #N/A #N/A #N/A #N/A #N/A #N/A
54.9 50.7 83 #N/A #N/A #N/A #N/A #N/A #N/A 2 83 #N/A #N/A
62.9 51.5 95 #N/A #N/A #N/A #N/A #N/A #N/A 2 95 #N/A #N/A
57.7 61.3 93 #N/A #N/A #N/A #N/A #N/A #N/A 2 93 #N/A #N/A
43 63.5 70 #N/A #N/A #N/A #N/A #N/A #N/A 11 70 #N/A #N/A

54.4 47.6 80 #N/A #N/A #N/A #N/A #N/A #N/A 11 80 #N/A #N/A
62.9 42.9 90 #N/A #N/A #N/A #N/A #N/A #N/A 11 90 #N/A #N/A
65.3 51.4 99 6 99 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
49.9 80 90 6 90 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
54.2 71.3 93 6 93 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
75.1 13.9 86 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A 3 86
82.6 19.9 99 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A 3 99
82.4 28.9 106 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A 3 106
59.6 65.3 99 #N/A #N/A #N/A #N/A 4 99 #N/A #N/A #N/A #N/A
67.0 54.7 104 #N/A #N/A #N/A #N/A 4 104 #N/A #N/A #N/A #N/A
72.0 45.6 105 #N/A #N/A #N/A #N/A 4 105 #N/A #N/A #N/A #N/A
49.3 61 79 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A 6 79
45.1 39 63 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A 6 63
50.2 25.9 63 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A 6 63

104.2 18.9 124 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A 21 124
101.7 20.9 123 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A 21 123
107.3 16.9 125 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A 21 125
50.4 45.5 73 #N/A #N/A #N/A #N/A 2 73 #N/A #N/A #N/A #N/A
51.1 50 77 #N/A #N/A #N/A #N/A 2 77 #N/A #N/A #N/A #N/A
52.2 46.8 77 #N/A #N/A #N/A #N/A 2 77 #N/A #N/A #N/A #N/A
54.7 68.5 92 #N/A #N/A 16 92 #N/A #N/A #N/A #N/A #N/A #N/A
56.6 67.7 95 #N/A #N/A 16 95 #N/A #N/A #N/A #N/A #N/A #N/A
46.3 86 86 #N/A #N/A 16 86 #N/A #N/A #N/A #N/A #N/A #N/A
59.1 51.6 90 #N/A #N/A #N/A #N/A 2 90 #N/A #N/A #N/A #N/A
54 68.4 91 #N/A #N/A #N/A #N/A 2 91 #N/A #N/A #N/A #N/A
52 71.2 89 #N/A #N/A #N/A #N/A 2 89 #N/A #N/A #N/A #N/A
56 52.7 86 4 86 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
56 63.5 92 4 92 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
60 41.3 85 4 85 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A

54.9 68.6 93 #N/A #N/A 20 93 #N/A #N/A #N/A #N/A #N/A #N/A
51.8 65.9 86 #N/A #N/A 20 86 #N/A #N/A #N/A #N/A #N/A #N/A
52.1 69.1 88 #N/A #N/A 20 88 #N/A #N/A #N/A #N/A #N/A #N/A
65.4 20.7 79 #N/A #N/A #N/A #N/A #N/A #N/A 4 79 #N/A #N/A
65.2 22.9 80 #N/A #N/A #N/A #N/A #N/A #N/A 4 80 #N/A #N/A
64.9 19.9 78 #N/A #N/A #N/A #N/A #N/A #N/A 4 78 #N/A #N/A
70.8 31.4 93 #N/A #N/A #N/A #N/A #N/A #N/A 7 93 #N/A #N/A
67.9 38.7 94 #N/A #N/A #N/A #N/A #N/A #N/A 7 94 #N/A #N/A
65.3 44.8 95 #N/A #N/A #N/A #N/A #N/A #N/A 7 95 #N/A #N/A
48.6 55.8 76 2 76 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
38.3 57.9 60 2 60 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
44.1 59 70 2 70 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
52.4 74.7 92 7 92 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
48.8 72.4 84 7 84 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
58.5 61.4 94 7 94 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
52.5 71.9 90 7 90 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
89.4 39.8 125 7 125 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
87.8 9.9 96 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A 14 96
83.0 9.1 91 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A 14 91
83.9 9.2 92 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A 14 92
81.7 11.0 91 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A 14 91
83.5 10.5 92 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A 14 92

GAP042 13-15 NRS 83.9 11 93 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A 14 93
GAP070 6-8 Ash Pond A 59.2 48.8 88 7 88 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
GAP061 15-17 Ash Pond A 80.0 35.5 108 16 108 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
GAP070 2-4 Ash Pond A 50.9 28.3 65 3 65 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
GAP063 3-5 Ash Pond E 77.7 31.8 102 #N/A #N/A 4 102 #N/A #N/A #N/A #N/A #N/A #N/A
GAP065 25-27 Ash Pond E 81.6 31.9 108 #N/A #N/A 26 108 #N/A #N/A #N/A #N/A #N/A #N/A
GAP039 5-7 NRS 59.7 43.0 85 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A 6 85
GAP068 7-9 Bottom Ash Pond 73.7 24.1 91 #N/A #N/A #N/A #N/A #N/A #N/A 8 91 #N/A #N/A
GAP069 2-4 Bottom Ash Pond 69.7 25.9 88 #N/A #N/A #N/A #N/A #N/A #N/A 3 88 #N/A #N/A
GAP064 10-12 Middle Pond A 79.9 39.0 111 #N/A #N/A #N/A #N/A 11 111 #N/A #N/A #N/A #N/A
GAP062 5-7 Middle Pond A 41.2 109.0 86 #N/A #N/A #N/A #N/A 6 86 #N/A #N/A #N/A #N/A
GAP068 5-7 Bottom Ash Pond 60.6 55.7 94 #N/A #N/A #N/A #N/A #N/A #N/A 6 94 #N/A #N/A
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F.2 – Storm Water Calculations 
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1 PURPOSE 

The purpose of this report is to detail existing conditions of the Ash Pond Complex (APC) at the 
Tennessee Valley Authority’s (TVA) Gallatin Fossil Plant (GAF).  

2 SITE AND PROJECT DESCRIPTION 

GAF is located on approximately 1,950 acres of land situated on the north bank of the 
Cumberland River in north-central Tennessee at 1499 Steam Plant Road, Gallatin, Sumner 
County. The APC covers an area of approximately 435 acres and contains approximately 11.9 
million cubic yards (cy) of coal combustion residuals (CCR). The APC consists of the Bottom Ash 
Pond, Middle Pond A, Ash Pond A, Ash Pond E, and Stilling Ponds B, C, and D as shown in Figure 
1. 

An existing conditions hydrology model was created as part of the draft submittal for the APC.  
The model includes all watersheds that currently drain into the APC and provides hydrologic data 
and stormwater volumes for the 24-hr/25-year storm event. Refer to Figure 2 for a depiction of 
the existing watersheds.  

The following sections summarize the existing infrastructure and results of the hydrology 
modeling. 

3 EXISTING HYDROLOGY 

The APC watershed consists of approximately 4,000 acres, most of which are located outside the 
TVA GAF property boundary. Because all plant flows were directed to a treatment facility as of 
June 2019, the only water still entering the APC is stormwater. Refer to Attachment A, the 
HydroCAD model routing diagram for a depiction of the flow network.  

3.1 Ash Pond A 

All drainage areas that flow into Ash Pond A are denoted with an “A” subcatchment label. Ash 
Pond A watershed, labeled A1, consists of 320 acres of CCR, forested areas, and water surface; 
this watershed includes Ash Pond A, Middle Pond A, and the Bottom Ash Pond. The flow path is 
generally towards the northeast boundary between Pond A and Stilling Pond B, where the Ash 
Pond A spillway is located. Ash Pond A, and the associated storage volume, is labeled Pond A in 
the model.  
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Other areas that flow to Ash Pond A are West Rail Loop 1 and 2, labeled A3 and A2. These are 
heavily forested areas that drain to low areas on the south side of the Haul Road with a combined 
acreage of 123 acres. West Rail Loop 1, A3, drains to a low area labeled PA3; West Rail Loop 2, 
A2, drains to a low area labeled PA2. From the low areas, stormwater is conveyed under the Haul 
Road through culverts.  Refer to Section 4 for a list of all APC culverts. The flow path from West 
Rail Loop 1 and 2 is generally to the north where it joins with the Ash Pond A flow path.  

3.2 Stilling Pond B/C 

All drainage areas that flow directly into Stilling Pond B/C are denoted with a “BC” subcatchment 
label. Stilling Ponds B/C are combined as one waterbody because there is no outlet structure 
between them, and they operate as one pool. Stilling Pond B/C watershed, labeled BC1, consists 
of 99 acres of water surface, forested areas, roads, and grass. The flow path is generally towards 
the west where the spillway into Stilling Pond D is located.  Stilling Pond B/C, and the associated 
storage volume, is labeled Pond BC in the model.  Refer to Section 5 for more information on 
existing spillway structures. 

The North Rail Loop Landfill (NRL) stormwater drains to two sediment basins and is then pumped 
to Stilling Pond B. The NRL watersheds, labeled as BC2 and BC3, consist of 90 acres of landfill 
vegetated cover. Watershed NRL 1, labeled BC2, drains to a sediment basin labeled PBC2; 
watershed NRL 2, labeled BC3, drains to a sediment basin labeled PBC3. The flow path of the 
forcemain from the sediment basins is to the north, between Ash Pond A and Steam Plant Road.  

The farmland north of GAF is the largest watershed into the APC. The northernmost farmland 
watershed, labeled BC4, consists of 2315 acres of row crops. This watershed drains to a large low 
area, labeled PBC4, and from there it flows through a grate inlet and to a culvert under Steam 
Plant Road to discharge into Stilling Pond B/C.  

To the south of BC4, there is a 559-acre watershed of row crops and woods labeled BC5. This 
watershed drains to a pond north of Stilling Pond B/C labeled PBC5. This pond is connected to 
Stilling Pond B/C by several culverts.  

To the south of BC5, there is an 82-acre watershed of row crops and woods labeled BC6. This 
watershed drains to the lowlands north of Stilling Pond B/C. The lowlands are labeled as PBC6 in 
the model and overtop an earthen embankment to flow into Stilling Pond B/C. 

3.3 Ash Pond E 

The drainage area that flows to Ash Pond E is labeled E1. This watershed consists of 146 acres of 
CCR and water surface. The flow path is generally towards the north boundary between Ash Pond 
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E and Stilling Pond C, where the Ash Pond E spillway is located. Ash Pond E, and the associated 
storage volume, is labeled Pond E.  

3.4 Stilling Pond D 

All drainage areas that flow directly to Stilling Pond D are denoted with “D” subcatchment label. 
Stilling Pond D watershed, labeled D1, consists of 89 acres of water surface, forested areas, roads, 
and grass. The flow path is generally towards the west boundary between Stilling Pond D and the 
Cumberland River, where the Stilling Pond D spillway is located (Outfall 001). Stilling Pond D, and 
the associated storage volume, is labeled Pond D in the model.  

The second drainage area that discharges directly into Stilling Pond D is row crops and woods to 
the north of Stilling Pond D, labeled D2. This 230-acre watershed flows to a low area labeled PD2. 
From there it overflows into a series of channels that connect directly to the Cumberland River, 
labeled 1R and 2R. This low area can overtop into Stilling Pond D as well, but only occurs during 
high rainfall.  

4 EXISTING CULVERTS AND SPILLWAY STRUCTURES 

Refer to Table 1 for a summary of all stormwater culverts and spillway culverts at the APC; the 
culvert labels correspond to the labels on Drawing 10W272-02. 

Table 1.  APC Stormwater Culverts and Ash Pond Spillway Culverts 

10W272-02 
Label 

HydroCAD 
Node 

Culvert Size 
(in) 

No. of 
Pipes Inlet Invert Outlet Invert 

C1 PA3 24 4 469.7 468.57 
C2 PA2 36 3 473.42, 473.30, 473.29 472.25, 472.16, 471.53 
C3 PBC2 24 2 475.99, 485.95 473.86, 474.64 
C4 PBC3 24 2 476.03, 485.45 473.72, 474.40 
C5 PBC4 42 1 450.0 450.0 
C6 PBC5 64x43 arch 2 457.0 456.07 
C7 PBC5 24 1 452.0 451.8 
Spillway Pond A 30 3 451.5 451.0 
Spillway Pond D 36 4 447.53 447.0 
Spillway Pond D 36 4 448.48 447.0 
Spillway Pond E 30 2 455.0 454.0 
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4.1 Ash Pond A Spillway  

Details for the Ash Pond A spillway structure and siphons are located on Drawing 10W272-14. 
Morning glory spillways connect to three culverts that discharge to Stilling Pond B under the 
access road. There is also a siphon system in place for additional drawdown.  

4.2 Stilling Pond B & C Spillway 

The discharge structure between Stilling Pond C and Stilling Pond D is a rock check dam, modeled 
as a broad crested weir. There are no engineering details of this overflow structure included in 
the APC drawings. 

4.3 Ash Pond E Spillway 

A detail for the Ash Pond E spillway structure is located on Drawing 10W272-14. Skimmer plates 
are connected to riser structures that discharge to two culverts under the access road into Stilling 
Pond C.  

4.4 Stilling Pond D Spillway 

Details for the Ash Pond D primary and secondary spillway structure are located on Drawing 
10W272-15. The primary spillway includes skimmer plates connected to an outlet structure that 
discharges to four culverts under the access road and then the Cumberland River. The secondary 
spillway consists of morning glory spillways connected to four culverts that discharge under the 
access road to the Cumberland River. The secondary spillway is for additional discharge capacity 
during large storm events.  

5 PROCEDURE  

The AutoCAD Civil 3D software package was used to assess existing site grading and subsequently 
to determine drainage areas, volumes, and other site geometry.  HydroCAD (10.00-22) modeling 
software was used to conduct the hydrologic and hydraulic calculations for this analysis with 
inputs based on the site geometry, rainfall data, and other design assumptions. 

The model was used to generate surface water volumes and peak water surface elevations for 
existing conditions of the APC for the 24-hr/25-year storm event.  

6 NOTES/ASSUMPTIONS 

The following is a list of key notes and assumptions made in completing this analysis. 



 

Job: TVA GAF Ash Pond Complex Project No.: 60624653 Sheet: 5 of 6 

Description: Existing Conditions Report Computed by: RLP Date: 9/15/20 

 Checked by: DES Date: 9/15/20 
 

APC_Existing Conditions Report.docx   

 Within the HydroCAD program, the runoff was calculated using the SCS TR-20 method. 

 Runoff curve numbers (CN) used in the analysis were as follows: 

o 73 for wooded areas,  

o 74 for landfill vegetated cover and grassed slopes, 

o 79 for row crops, 

o 82 for roads with grassed shoulders, 

o 95 for ash surface (CCR), and 

o 98 for water surface. 

 The time of concentration was calculated using the Curve Number Method in HydroCAD 
which takes inputs for each drainage area of the longest hydraulic flow path and average 
land slope. 

7 SUMMARY OF RESULTS 

The results of the existing conditions are summarized in Table 2 (see also Attachment B for the 
HydroCAD output report). 

Table 2.  Existing Hydrology Results 

  Ash Pond A Ash Pond E Stilling Pond B/C Stilling Pond D 

Starting WSE (ft) 453.0 449.0 456.0 456.0 

Lowest Spillway Invert (ft) 463.62 459.42 456.0 456.0 

Peak WSE (ft) 463.45 455.49 457.23 457.17 

Primary Spillway Peak Flow (cfs) 0 0 161.14 116.93 

Secondary Spillway Peak Flow (cfs) n/a n/a n/a 44.30 

Total Volume Inflow (af) 159 64 196 200 

Total Volume Inflow (MG) 51.8 20.9 63.9 65.2 

Total Volume Outflow (af) 0 0 195 199 

Total Volume Outflow (MG) 0 0 63.5 64.8 
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8 ATTACHMENTS 

Figures: 

Figure 1: Site Map 

Figure 2: Watershed Map: Existing Conditions 

 

Attachments: 

Attachment A: HydroCAD Routing Diagram 

Attachment B: HydroCAD report for 24-hour, 25-year storm 
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Attachment A 
HydroCAD Routing Diagram 
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Summary for Subcatchment A1: Pond A Watershed

Runoff = 401.38 cfs @ 13.85 hrs,  Volume= 131.774 af,  Depth= 4.94"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-168.00 hrs, dt= 0.01 hrs
Type II 24-hr  25-year Rainfall=5.87"

Area (ac) CN Description
* 244.680 95 Ash Surface

47.390 73 Woods, Fair, HSG C
* 27.920 98 Pond A WS elev 494

319.990 92 Weighted Average
292.070 91.27% Pervious Area
27.920 8.73% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
155.8 10,199 0.0071 1.09 Lag/CN Method, Overland flow

Subcatchment A1: Pond A Watershed
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Type II 24-hr
25-year Rainfall=5.87"

Runoff Area=319.990 ac
Runoff Volume=131.774 af

Runoff Depth=4.94"
Flow Length=10,199'

Slope=0.0071 '/'
Tc=155.8 min

CN=92

401.38 cfs
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Summary for Subcatchment A2: West Rail Loop 2

Runoff = 104.33 cfs @ 12.51 hrs,  Volume= 14.260 af,  Depth= 2.98"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-168.00 hrs, dt= 0.01 hrs
Type II 24-hr  25-year Rainfall=5.87"

Area (ac) CN Description
57.402 73 Woods, Fair, HSG C
57.402 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
49.6 3,188 0.0397 1.07 Lag/CN Method, 

Subcatchment A2: West Rail Loop 2
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Type II 24-hr
25-year Rainfall=5.87"

Runoff Area=57.402 ac
Runoff Volume=14.260 af

Runoff Depth=2.98"
Flow Length=3,188'

Slope=0.0397 '/'
Tc=49.6 min

CN=73

104.33 cfs
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Summary for Subcatchment A3: West Rail Loop 1

Runoff = 143.47 cfs @ 12.35 hrs,  Volume= 16.026 af,  Depth= 2.98"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-168.00 hrs, dt= 0.01 hrs
Type II 24-hr  25-year Rainfall=5.87"

Area (ac) CN Description
64.512 73 Woods, Fair, HSG C
64.512 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
37.2 2,377 0.0441 1.07 Lag/CN Method, 

Subcatchment A3: West Rail Loop 1
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Type II 24-hr
25-year Rainfall=5.87"

Runoff Area=64.512 ac
Runoff Volume=16.026 af

Runoff Depth=2.98"
Flow Length=2,377'

Slope=0.0441 '/'
Tc=37.2 min

CN=73

143.47 cfs
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Summary for Subcatchment BC1: Stilling Ponds B&C

Runoff = 498.86 cfs @ 12.08 hrs,  Volume= 34.375 af,  Depth= 4.18"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-168.00 hrs, dt= 0.01 hrs
Type II 24-hr  25-year Rainfall=5.87"

Area (ac) CN Description
* 39.414 98 Water Surface
* 16.910 82 Roads/Grass

42.360 73 Woods, Fair, HSG C
98.684 85 Weighted Average
59.270 60.06% Pervious Area
39.414 39.94% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

7.7 5,855 12.69 Lake or Reservoir, 
Mean Depth= 5.00'

8.9 598 0.0502 1.12 Shallow Concentrated Flow, 
Woodland   Kv= 5.0 fps

16.6 6,453 Total

Subcatchment BC1: Stilling Ponds B&C
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Type II 24-hr
25-year Rainfall=5.87"

Runoff Area=98.684 ac
Runoff Volume=34.375 af

Runoff Depth=4.18"
Flow Length=6,453'

Slope=0.0502 '/'
Tc=16.6 min

CN=85

498.86 cfs
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Summary for Subcatchment BC2: NRL Watershed to Pond 1

Runoff = 223.16 cfs @ 12.13 hrs,  Volume= 16.729 af,  Depth= 3.08"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-168.00 hrs, dt= 0.01 hrs
Type II 24-hr  25-year Rainfall=5.87"

Area (ac) CN Description
* 65.266 74 landfill

65.266 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
20.0 Direct Entry, 

Subcatchment BC2: NRL Watershed to Pond 1
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Type II 24-hr
25-year Rainfall=5.87"

Runoff Area=65.266 ac
Runoff Volume=16.729 af

Runoff Depth=3.08"
Tc=20.0 min

CN=74

223.16 cfs
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Summary for Subcatchment BC3: NRL Watershed to Pond 2

Runoff = 85.46 cfs @ 12.13 hrs,  Volume= 6.407 af,  Depth= 3.08"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-168.00 hrs, dt= 0.01 hrs
Type II 24-hr  25-year Rainfall=5.87"

Area (ac) CN Description
* 24.994 74 landfill

24.994 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
20.0 Direct Entry, 

Subcatchment BC3: NRL Watershed to Pond 2
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Type II 24-hr
25-year Rainfall=5.87"

Runoff Area=24.994 ac
Runoff Volume=6.407 af

Runoff Depth=3.08"
Tc=20.0 min

CN=74

85.46 cfs
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Summary for Subcatchment BC4: Watershed into Lake NE of Gallatin Site

Runoff = 2,692.59 cfs @ 13.36 hrs,  Volume= 687.408 af,  Depth= 3.56"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-168.00 hrs, dt= 0.01 hrs
Type II 24-hr  25-year Rainfall=5.87"

Area (ac) CN Description
2,314.650 79 Row crops, C&T + CR, Poor, HSG C
2,314.650 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
109.3 13,656 0.0589 2.08 Lag/CN Method, Upper

6.3 5,650 15.01 Lake or Reservoir, Offsite Lake
Mean Depth= 7.00'

115.6 19,306 Total

Subcatchment BC4: Watershed into Lake NE of Gallatin Site
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Type II 24-hr
25-year Rainfall=5.87"

Runoff Area=2,314.650 ac
Runoff Volume=687.408 af

Runoff Depth=3.56"
Flow Length=19,306'

Slope=0.0589 '/'
Tc=115.6 min

CN=79

2,692.59 cfs
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Summary for Subcatchment BC5: Woods and Farmland

Runoff = 376.94 cfs @ 14.51 hrs,  Volume= 156.791 af,  Depth= 3.37"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-168.00 hrs, dt= 0.01 hrs
Type II 24-hr  25-year Rainfall=5.87"

Area (ac) CN Description
* 400.000 79 Row crops, C&T + CR, Poor, HSG C

159.000 73 Woods, Fair, HSG C
559.000 77 Weighted Average
559.000 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
213.9 10,501 0.0114 0.82 Lag/CN Method, 

Subcatchment BC5: Woods and Farmland
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Type II 24-hr
25-year Rainfall=5.87"

Runoff Area=559.000 ac
Runoff Volume=156.791 af

Runoff Depth=3.37"
Flow Length=10,501'

Slope=0.0114 '/'
Tc=213.9 min

CN=77

376.94 cfs
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Summary for Subcatchment BC6: Watershed to Lowlands

Runoff = 127.68 cfs @ 12.77 hrs,  Volume= 23.000 af,  Depth= 3.37"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-168.00 hrs, dt= 0.01 hrs
Type II 24-hr  25-year Rainfall=5.87"

Area (ac) CN Description
30.000 73 Woods, Fair, HSG C
52.000 79 Row crops, C&T + CR, Poor, HSG C
82.000 77 Weighted Average
82.000 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
72.7 4,348 0.0241 1.00 Lag/CN Method, 

Subcatchment BC6: Watershed to Lowlands
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Type II 24-hr
25-year Rainfall=5.87"

Runoff Area=82.000 ac
Runoff Volume=23.000 af

Runoff Depth=3.37"
Flow Length=4,348'

Slope=0.0241 '/'
Tc=72.7 min

CN=77

127.68 cfs
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Summary for Subcatchment D1: Stilling Pond D

Runoff = 109.77 cfs @ 11.92 hrs,  Volume= 4.820 af,  Depth= 4.61"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-168.00 hrs, dt= 0.01 hrs
Type II 24-hr  25-year Rainfall=5.87"

Area (ac) CN Description
* 7.142 98 Water Surface
* 2.986 82 Roads/Grass

2.421 73 Woods, Fair, HSG C
12.549 89 Weighted Average
5.407 43.09% Pervious Area
7.142 56.91% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

1.8 1,367 12.69 Lake or Reservoir, 
Mean Depth= 5.00'

Subcatchment D1: Stilling Pond D
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Type II 24-hr
25-year Rainfall=5.87"

Runoff Area=12.549 ac
Runoff Volume=4.820 af

Runoff Depth=4.61"
Flow Length=1,367'

Tc=1.8 min
CN=89

109.77 cfs
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Summary for Subcatchment D2: Area north of Stilling Pond outlets

Runoff = 300.14 cfs @ 13.05 hrs,  Volume= 66.290 af,  Depth= 3.46"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-168.00 hrs, dt= 0.01 hrs
Type II 24-hr  25-year Rainfall=5.87"

Area (ac) CN Description
38.918 73 Woods, Fair, HSG C

190.704 79 Row crops, C&T + CR, Poor, HSG C
229.622 78 Weighted Average
229.622 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
95.5 5,969 0.0218 1.04 Lag/CN Method, 

Subcatchment D2: Area north of Stilling Pond outlets
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Type II 24-hr
25-year Rainfall=5.87"

Runoff Area=229.622 ac
Runoff Volume=66.290 af

Runoff Depth=3.46"
Flow Length=5,969'

Slope=0.0218 '/'
Tc=95.5 min

CN=78

300.14 cfs
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Summary for Subcatchment E1: Pond E Watershed

Runoff = 340.83 cfs @ 12.75 hrs,  Volume= 64.291 af,  Depth= 5.28"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-168.00 hrs, dt= 0.01 hrs
Type II 24-hr  25-year Rainfall=5.87"

Area (ac) CN Description
* 145.547 95 Ash surface

0.500 98 Water Surface, HSG A
146.047 95 Weighted Average
145.547 99.66% Pervious Area

0.500 0.34% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
72.2 4,234 0.0061 0.98 Lag/CN Method, 

Subcatchment E1: Pond E Watershed
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Type II 24-hr
25-year Rainfall=5.87"

Runoff Area=146.047 ac
Runoff Volume=64.291 af

Runoff Depth=5.28"
Flow Length=4,234'

Slope=0.0061 '/'
Tc=72.2 min

CN=95

340.83 cfs
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Summary for Reach 1R: Primary Outlet Channel

[62] Hint: Exceeded Reach 2R OUTLET depth by 1.17' @ 13.30 hrs

Inflow Area = 229.622 ac, 0.00% Impervious,  Inflow Depth = 3.04"    for  25-year event
Inflow = 287.71 cfs @ 13.30 hrs,  Volume= 58.188 af
Outflow = 287.71 cfs @ 13.30 hrs,  Volume= 58.188 af,  Atten= 0%,  Lag= 0.1 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-168.00 hrs, dt= 0.01 hrs / 3
Max. Velocity= 3.82 fps,  Min. Travel Time= 0.2 min
Avg. Velocity = 0.87 fps,  Avg. Travel Time= 0.8 min

Peak Storage= 3,016 cf @ 13.30 hrs
Average Depth at Peak Storage= 0.74'
Defined Flood Depth= 3.00'  Flow Area= 327.0 sf,  Capacity= 3,045.68 cfs
Bank-Full Depth= 4.00'  Flow Area= 448.0 sf,  Capacity= 4,972.47 cfs

100.00'  x  4.00'  deep channel,  n= 0.070  Mountain streams w/large boulders
Side Slope Z-value= 3.0 '/'   Top Width= 124.00'
Length= 40.0'   Slope= 0.0500 '/'
Inlet Invert= 447.00',  Outlet Invert= 445.00'

‡
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Reach 1R: Primary Outlet Channel

Inflow
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Inflow Area=229.622 ac
Avg. Flow Depth=0.74'

Max Vel=3.82 fps
n=0.070
L=40.0'

S=0.0500 '/'
Capacity=4,972.47 cfs

287.71 cfs

287.71 cfs
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Summary for Reach 2R: Outlet Channel North of RR

Inflow Area = 229.622 ac, 0.00% Impervious,  Inflow Depth = 3.04"    for  25-year event
Inflow = 287.81 cfs @ 13.28 hrs,  Volume= 58.188 af
Outflow = 287.71 cfs @ 13.30 hrs,  Volume= 58.188 af,  Atten= 0%,  Lag= 0.9 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-168.00 hrs, dt= 0.01 hrs / 3
Max. Velocity= 3.23 fps,  Min. Travel Time= 1.5 min
Avg. Velocity = 0.65 fps,  Avg. Travel Time= 7.7 min

Peak Storage= 26,702 cf @ 13.30 hrs
Average Depth at Peak Storage= 0.57'
Bank-Full Depth= 2.00'  Flow Area= 340.0 sf,  Capacity= 2,407.78 cfs

150.00'  x  2.00'  deep channel,  n= 0.055
Side Slope Z-value= 10.0 '/'   Top Width= 190.00'
Length= 300.0'   Slope= 0.0317 '/'
Inlet Invert= 455.50',  Outlet Invert= 446.00'

‡

Reach 2R: Outlet Channel North of RR
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Inflow Area=229.622 ac
Avg. Flow Depth=0.57'

Max Vel=3.23 fps
n=0.055
L=300.0'

S=0.0317 '/'
Capacity=2,407.78 cfs

287.81 cfs

287.71 cfs
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Summary for Pond PA2: West Rail Loop Pond 2 (2019 Topo)

Inflow Area = 57.402 ac, 0.00% Impervious,  Inflow Depth = 2.98"    for  25-year event
Inflow = 104.33 cfs @ 12.51 hrs,  Volume= 14.260 af
Outflow = 21.08 cfs @ 13.68 hrs,  Volume= 11.028 af,  Atten= 80%,  Lag= 70.4 min
Primary = 21.08 cfs @ 13.68 hrs,  Volume= 11.028 af
Secondary = 0.00 cfs @ 0.00 hrs,  Volume= 0.000 af
Tertiary = 0.00 cfs @ 0.00 hrs,  Volume= 0.000 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-168.00 hrs, dt= 0.01 hrs / 3
Peak Elev= 474.47' @ 13.68 hrs   Surf.Area= 194,765 sf   Storage= 325,224 cf

Plug-Flow detention time= 403.7 min calculated for 11.028 af (77% of inflow)
Center-of-Mass det. time= 312.9 min ( 1,182.4 - 869.5 )

Volume Invert Avail.Storage Storage Description
#1 471.00' 1,404,909 cf Custom Stage Data (Prismatic) Listed below

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

471.00 0 0 0
472.00 50,892 25,446 25,446
473.00 95,274 73,083 98,529
474.00 173,266 134,270 232,799
475.00 218,873 196,070 428,869
476.00 292,017 255,445 684,314
477.00 357,159 324,588 1,008,902
478.00 434,856 396,008 1,404,909

Device Routing     Invert Outlet Devices
#1 Primary 473.42' 36.0"  Round Culvert   

L= 112.0'   CPP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 473.42' / 472.25'   S= 0.0104 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 7.07 sf   

#2 Primary 473.29' 36.0"  Round Culvert   
L= 112.0'   CPP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 473.29' / 471.53'   S= 0.0157 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 7.07 sf   

#3 Primary 473.30' 36.0"  Round Culvert   
L= 112.0'   CPP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 473.30' / 472.16'   S= 0.0102 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 7.07 sf   

#4 Secondary 476.00' Custom Weir/Orifice, Cv= 2.30 (C= 2.88)   
Head (feet)  0.00  0.50  1.00  1.50   
Width (feet)  0.00  11.50  232.41  412.66   

#5 Tertiary 475.00' Custom Weir/Orifice, Cv= 2.40 (C= 3.00)   
Head (feet)  0.00  1.00  2.00  3.00   
Width (feet)  0.00  7.50  77.20  104.11   
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Primary OutFlow  Max=21.08 cfs @ 13.68 hrs  HW=474.47'  TW=458.80'   (Dynamic Tailwater)
1=Culvert  (Inlet Controls 6.09 cfs @ 2.76 fps)
2=Culvert  (Inlet Controls 7.55 cfs @ 2.92 fps)
3=Culvert  (Inlet Controls 7.44 cfs @ 2.91 fps)

Secondary OutFlow  Max=0.00 cfs @ 0.00 hrs  HW=471.00'  TW=453.00'   (Dynamic Tailwater)
4=Custom Weir/Orifice  ( Controls 0.00 cfs)

Tertiary OutFlow  Max=0.00 cfs @ 0.00 hrs  HW=471.00'  TW=469.70'   (Dynamic Tailwater)
5=Custom Weir/Orifice  ( Controls 0.00 cfs)

Pond PA2: West Rail Loop Pond 2 (2019 Topo)
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Inflow Area=57.402 ac
Peak Elev=474.47'

Storage=325,224 cf

104.33 cfs

21.08 cfs

21.08 cfs

0.00 cfs

0.00 cfs
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Summary for Pond PA3: West Rail Loop Pond 1 (2019 Topo)

Inflow Area = 64.512 ac, 0.00% Impervious,  Inflow Depth = 2.98"    for  25-year event
Inflow = 143.47 cfs @ 12.35 hrs,  Volume= 16.026 af
Outflow = 92.80 cfs @ 12.62 hrs,  Volume= 16.026 af,  Atten= 35%,  Lag= 16.2 min
Primary = 92.80 cfs @ 12.62 hrs,  Volume= 16.026 af
Secondary = 0.00 cfs @ 0.00 hrs,  Volume= 0.000 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-168.00 hrs, dt= 0.01 hrs / 3
Peak Elev= 474.47' @ 12.62 hrs   Surf.Area= 61,862 sf   Storage= 80,262 cf

Plug-Flow detention time= 6.1 min calculated for 16.026 af (100% of inflow)
Center-of-Mass det. time= 5.8 min ( 863.8 - 857.9 )

Volume Invert Avail.Storage Storage Description
#1 469.70' 498,837 cf Custom Stage Data (Prismatic) Listed below

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

469.70 0 0 0
472.00 2,725 3,134 3,134
473.00 24,026 13,376 16,509
474.00 43,852 33,939 50,448
475.00 81,806 62,829 113,277
476.00 168,154 124,980 238,257
477.00 353,006 260,580 498,837

Device Routing     Invert Outlet Devices
#1 Primary 469.70' 24.0"  Round Culvert X 4.00   

L= 150.0'   CPP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 469.70' / 468.57'   S= 0.0075 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 3.14 sf   

#2 Secondary 474.50' Custom Weir/Orifice, Cv= 2.30 (C= 2.88)   
Head (feet)  0.00  0.50  1.50  2.50   
Width (feet)  0.00  38.80  132.67  465.74   

Primary OutFlow  Max=92.80 cfs @ 12.62 hrs  HW=474.47'  TW=456.45'   (Dynamic Tailwater)
1=Culvert  (Inlet Controls 92.80 cfs @ 7.39 fps)

Secondary OutFlow  Max=0.00 cfs @ 0.00 hrs  HW=469.70'  TW=453.00'   (Dynamic Tailwater)
2=Custom Weir/Orifice  ( Controls 0.00 cfs)
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Pond PA3: West Rail Loop Pond 1 (2019 Topo)
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Inflow Area=64.512 ac
Peak Elev=474.47'
Storage=80,262 cf

143.47 cfs

92.80 cfs

92.80 cfs

0.00 cfs
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Summary for Pond PBC2: NRL Pond 1

Inflow Area = 65.266 ac, 0.00% Impervious,  Inflow Depth = 3.08"    for  25-year event
Inflow = 223.16 cfs @ 12.13 hrs,  Volume= 16.729 af
Outflow = 1.78 cfs @ 24.28 hrs,  Volume= 16.729 af,  Atten= 99%,  Lag= 729.3 min
Primary = 1.78 cfs @ 24.28 hrs,  Volume= 16.729 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-168.00 hrs, dt= 0.01 hrs / 3
Starting Elev= 477.00'   Surf.Area= 31,384 sf   Storage= 31,384 cf
Peak Elev= 485.89' @ 24.28 hrs   Surf.Area= 95,147 sf   Storage= 676,927 cf   (645,543 cf above start)
Flood Elev= 489.00'   Surf.Area= 105,696 sf   Storage= 993,908 cf   (962,525 cf above start)

Plug-Flow detention time= 3,426.0 min calculated for 16.007 af (96% of inflow)
Center-of-Mass det. time= 3,254.8 min ( 4,094.4 - 839.6 )

Volume Invert Avail.Storage Storage Description
#1 476.00' 1,099,604 cf Custom Stage Data (Prismatic) Listed below

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

476.00 2,192 0 0
478.00 60,575 62,767 62,767
480.00 69,438 130,013 192,780
482.00 77,913 147,351 340,131
484.00 86,595 164,508 504,639
486.00 95,641 182,236 686,875
488.00 105,696 201,337 888,212
490.00 105,696 211,392 1,099,604

Device Routing     Invert Outlet Devices
#1 Primary 478.00' Pump   

Discharges@494.53'  Turns Off@477.00'   
8.0" Diam. x 5,770.0' Long Discharge,  Hazen-Williams C= 130   
 Flow (gpm)=  800.0  800.1   
 Head (feet)=  100.00  0.00   
-Loss (feet)=  69.74  69.76   
=Lift (feet)=     30.26  -69.76   

Primary OutFlow  Max=1.78 cfs @ 24.28 hrs  HW=485.89'  TW=456.92'   (Dynamic Tailwater)
1=Pump  (Pump Controls 1.78 cfs)
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Pond PBC2: NRL Pond 1
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Inflow Area=65.266 ac
Peak Elev=485.89'

Storage=676,927 cf

223.16 cfs
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Summary for Pond PBC3: NRL Pond 2

Inflow Area = 24.994 ac, 0.00% Impervious,  Inflow Depth = 3.08"    for  25-year event
Inflow = 85.46 cfs @ 12.13 hrs,  Volume= 6.407 af
Outflow = 1.78 cfs @ 19.65 hrs,  Volume= 6.406 af,  Atten= 98%,  Lag= 451.4 min
Primary = 1.78 cfs @ 19.65 hrs,  Volume= 6.407 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-168.00 hrs, dt= 0.01 hrs / 3
Starting Elev= 477.00'   Surf.Area= 33,234 sf   Storage= 33,234 cf
Peak Elev= 480.37' @ 19.65 hrs   Surf.Area= 76,704 sf   Storage= 237,618 cf   (204,384 cf above start)
Flood Elev= 489.00'   Surf.Area= 127,092 sf   Storage= 1,090,748 cf   (1,057,514 cf above start)

Plug-Flow detention time= 1,395.8 min calculated for 5.643 af (88% of inflow)
Center-of-Mass det. time= 1,181.8 min ( 2,021.4 - 839.6 )

Volume Invert Avail.Storage Storage Description
#1 476.00' 1,217,840 cf Custom Stage Data (Prismatic) Listed below

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

476.00 0 0 0
478.00 66,468 66,468 66,468
480.00 75,171 141,639 208,107
482.00 83,409 158,580 366,687
484.00 92,039 175,448 542,135
486.00 101,195 193,234 735,369
488.00 127,092 228,287 963,656
490.00 127,092 254,184 1,217,840

Device Routing     Invert Outlet Devices
#1 Primary 478.00' Pump   

Discharges@494.53'  Turns Off@477.00'   
8.0" Diam. x 5,770.0' Long Discharge,  Hazen-Williams C= 130   
 Flow (gpm)=  800.0  800.1   
 Head (feet)=  100.00  0.00   
-Loss (feet)=  69.74  69.76   
=Lift (feet)=     30.26  -69.76   

Primary OutFlow  Max=1.78 cfs @ 19.65 hrs  HW=480.37'  TW=457.15'   (Dynamic Tailwater)
1=Pump  (Pump Controls 1.78 cfs)
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Pond PBC3: NRL Pond 2
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Inflow Area=24.994 ac
Peak Elev=480.37'

Storage=237,618 cf

85.46 cfs
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Summary for Pond PBC4: Pond Northeast of GAF Stilling Ponds

Inflow Area = 2,314.650 ac, 0.00% Impervious,  Inflow Depth = 3.56"    for  25-year event
Inflow = 2,692.59 cfs @ 13.36 hrs,  Volume= 687.408 af
Outflow = 0.00 cfs @ 0.00 hrs,  Volume= 0.000 af,  Atten= 100%,  Lag= 0.0 min
Primary = 0.00 cfs @ 0.00 hrs,  Volume= 0.000 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-168.00 hrs, dt= 0.01 hrs / 3
Peak Elev= 458.33' @ 30.58 hrs   Surf.Area= 0.000 ac   Storage= 687.408 af

Plug-Flow detention time= (not calculated: initial storage exceeds outflow)
Center-of-Mass det. time= (not calculated: no outflow)

Volume Invert Avail.Storage Storage Description
#1 451.00' 5,750.590 af Custom Stage Data Listed below

Elevation Cum.Store
(feet) (acre-feet)

451.00 0.000
452.00 36.303
453.00 120.727
454.00 210.261
455.00 306.187
456.00 409.173
457.00 521.498
458.00 643.158
459.00 776.918
460.00 923.653
461.00 1,086.982
462.00 1,260.310
463.00 1,443.258
464.00 1,634.576
465.00 1,833.772
466.00 2,040.159
467.00 2,253.912
468.00 2,474.440
469.00 2,702.083
470.00 2,936.488
471.00 3,178.433
472.00 3,427.641
473.00 3,684.714
474.00 3,949.521
475.00 4,222.692
476.00 4,504.361
477.00 4,796.360
478.00 5,098.928
479.00 5,417.706
480.00 5,750.590
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Device Routing     Invert Outlet Devices
#1 Primary 450.00' 42.0"  Round Culvert   

L= 206.0'   CMP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 450.00' / 450.00'   S= 0.0000 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 9.62 sf   

#2 Device 1 458.73' 72.0" x 72.0" Horiz. Orifice/Grate    C= 0.600   
Limited to weir flow at low heads   

Primary OutFlow  Max=0.00 cfs @ 0.00 hrs  HW=451.00'  TW=456.00'   (Dynamic Tailwater)
1=Culvert  ( Controls 0.00 cfs)

2=Orifice/Grate  ( Controls 0.00 cfs)

Pond PBC4: Pond Northeast of GAF Stilling Ponds
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Inflow Area=2,314.650 ac
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Summary for Pond PBC5: Pond North of RR and Pond B

Inflow Area = 559.000 ac, 0.00% Impervious,  Inflow Depth = 3.37"    for  25-year event
Inflow = 376.94 cfs @ 14.51 hrs,  Volume= 156.791 af
Outflow = 340.33 cfs @ 15.37 hrs,  Volume= 138.448 af,  Atten= 10%,  Lag= 51.7 min
Primary = 87.64 cfs @ 15.37 hrs,  Volume= 69.330 af
Secondary = 252.69 cfs @ 15.37 hrs,  Volume= 69.118 af
Tertiary = 0.00 cfs @ 0.00 hrs,  Volume= 0.000 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-168.00 hrs, dt= 0.01 hrs / 3
Peak Elev= 459.40' @ 15.37 hrs   Surf.Area= 558,077 sf   Storage= 2,276,600 cf
Flood Elev= 465.90'   Surf.Area= 691,518 sf   Storage= 4,612,749 cf

Plug-Flow detention time= 367.6 min calculated for 138.448 af (88% of inflow)
Center-of-Mass det. time= 307.3 min ( 1,319.3 - 1,012.1 )

Volume Invert Avail.Storage Storage Description
#1 451.00' 4,612,749 cf Custom Stage Data (Prismatic) Listed below

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

451.00 0 0 0
452.00 19,050 9,525 9,525
453.00 109,429 64,240 73,765
454.00 213,750 161,590 235,354
455.00 278,560 246,155 481,509
456.00 337,639 308,100 789,609
457.00 386,468 362,054 1,151,662
458.00 450,389 418,429 1,570,091
459.00 504,821 477,605 2,047,696
460.00 637,732 571,277 2,618,972
461.00 655,592 646,662 3,265,634
462.00 673,560 664,576 3,930,210
463.00 691,518 682,539 4,612,749

Device Routing     Invert Outlet Devices
#1 Primary 457.00' 64.0" W x 43.0" H, R=32.5"/99.3"  Pipe Arch CMP_Arch_1/2  64x43 X 2.00   

L= 62.0'   CMP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 457.00' / 456.07'   S= 0.0150 '/'   Cc= 0.900   
n= 0.024,  Flow Area= 15.13 sf   

#2 Secondary 459.00' 350.0' long  x 30.0' breadth Broad-Crested Weir to West   
Head (feet)  0.20  0.40  0.60  0.80  1.00  1.20  1.40  1.60   
Coef. (English)  2.68  2.70  2.70  2.64  2.63  2.64  2.64  2.63   

#3 Secondary 452.00' 24.0"  Round Culvert to West X 0.67   
L= 30.0'   CMP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 452.00' / 451.80'   S= 0.0067 '/'   Cc= 0.900   
n= 0.024,  Flow Area= 3.14 sf   

#4 Tertiary 462.90' Railroad Berm to Stilling Pond B, Cv= 2.62 (C= 3.28)   
Head (feet)  0.00  1.10  2.10   
Width (feet)  50.00  200.00  300.00   
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Primary OutFlow  Max=87.64 cfs @ 15.37 hrs  HW=459.40'  TW=456.76'   (Dynamic Tailwater)
1=CMP_Arch_1/2  64x43  (Inlet Controls 87.64 cfs @ 3.84 fps)

Secondary OutFlow  Max=252.68 cfs @ 15.37 hrs  HW=459.40'  TW=456.76'   (Dynamic Tailwater)
2=Broad-Crested Weir to West  (Weir Controls 239.68 cfs @ 1.71 fps)
3=Culvert to West  (Inlet Controls 13.00 cfs @ 4.14 fps)

Tertiary OutFlow  Max=0.00 cfs @ 0.00 hrs  HW=451.00'  TW=456.00'   (Dynamic Tailwater)
4=Railroad Berm to Stilling Pond B  ( Controls 0.00 cfs)

Pond PBC5: Pond North of RR and Pond B
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Inflow Area=559.000 ac
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Summary for Pond PBC6: Lowlands north of Stilling Ponds

Inflow Area = 82.000 ac, 0.00% Impervious,  Inflow Depth = 3.37"    for  25-year event
Inflow = 127.68 cfs @ 12.77 hrs,  Volume= 23.000 af
Outflow = 0.00 cfs @ 0.00 hrs,  Volume= 0.000 af,  Atten= 100%,  Lag= 0.0 min
Primary = 0.00 cfs @ 0.00 hrs,  Volume= 0.000 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-168.00 hrs, dt= 0.01 hrs / 3
Peak Elev= 456.09' @ 28.12 hrs   Surf.Area= 269,894 sf   Storage= 1,001,867 cf

Plug-Flow detention time= (not calculated: initial storage exceeds outflow)
Center-of-Mass det. time= (not calculated: no outflow)

Volume Invert Avail.Storage Storage Description
#1 449.00' 2,331,671 cf Custom Stage Data (Prismatic) Listed below

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

449.00 0 0 0
450.00 46,779 23,390 23,390
451.00 72,994 59,887 83,276
452.00 125,956 99,475 182,751
453.00 161,593 143,775 326,526
454.00 203,435 182,514 509,040
455.00 232,808 218,122 727,161
456.00 267,132 249,970 977,131
457.00 298,725 282,929 1,260,060
458.00 336,676 317,701 1,577,760
459.00 378,524 357,600 1,935,360
460.00 414,097 396,311 2,331,671

Device Routing     Invert Outlet Devices
#1 Primary 459.00' 300.0' long  x 30.0' breadth Weir Flow to Pond B/C   

Head (feet)  0.20  0.40  0.60  0.80  1.00  1.20  1.40  1.60   
Coef. (English)  2.68  2.70  2.70  2.64  2.63  2.64  2.64  2.63   

Primary OutFlow  Max=0.00 cfs @ 0.00 hrs  HW=449.00'  TW=456.00'   (Dynamic Tailwater)
1=Weir Flow to Pond B/C  ( Controls 0.00 cfs)
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Pond PBC6: Lowlands north of Stilling Ponds
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Summary for Pond PD2: Small Pond North of Pond "D" - Split Flow

Inflow Area = 229.622 ac, 0.00% Impervious,  Inflow Depth = 3.46"    for  25-year event
Inflow = 300.14 cfs @ 13.05 hrs,  Volume= 66.290 af
Outflow = 287.81 cfs @ 13.28 hrs,  Volume= 58.188 af,  Atten= 4%,  Lag= 13.6 min
Primary = 287.81 cfs @ 13.28 hrs,  Volume= 58.188 af
Secondary = 0.00 cfs @ 0.00 hrs,  Volume= 0.000 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-168.00 hrs, dt= 0.01 hrs / 3
Peak Elev= 457.09' @ 13.28 hrs   Surf.Area= 142,534 sf   Storage= 537,003 cf

Plug-Flow detention time= 100.8 min calculated for 58.188 af (88% of inflow)
Center-of-Mass det. time= 40.8 min ( 940.8 - 900.1 )

Volume Invert Avail.Storage Storage Description
#1 446.00' 875,783 cf Custom Stage Data - Small Area North of Pond D (Prismatic) Listed below

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

446.00 4,427 0 0
447.00 8,511 6,469 6,469
448.00 12,498 10,505 16,974
449.00 17,160 14,829 31,803
450.00 23,592 20,376 52,179
451.00 31,120 27,356 79,535
452.00 42,033 36,577 116,111
453.00 53,148 47,591 163,702
454.00 71,076 62,112 225,814
455.00 87,126 79,101 304,915
456.00 104,926 96,026 400,941
457.00 139,111 122,019 522,959
458.00 177,727 158,419 681,378
459.00 211,083 194,405 875,783

Device Routing     Invert Outlet Devices
#1 Primary 455.50' 60.0' long  x 20.0' breadth Broad-Crested Rectangular Weir - OffSite   

Head (feet)  0.20  0.40  0.60  0.80  1.00  1.20  1.40  1.60   
Coef. (English)  2.68  2.70  2.70  2.64  2.63  2.64  2.64  2.63   

#2 Secondary 458.00' 200.0' long  x 25.0' breadth Broad-Crested Rectangular Weir - OnSite   
Head (feet)  0.20  0.40  0.60  0.80  1.00  1.20  1.40  1.60   
Coef. (English)  2.68  2.70  2.70  2.64  2.63  2.64  2.64  2.63   

Primary OutFlow  Max=287.81 cfs @ 13.28 hrs  HW=457.09'  TW=456.07'   (Dynamic Tailwater)
1=Broad-Crested Rectangular Weir - OffSite  (Weir Controls 287.81 cfs @ 3.02 fps)

Secondary OutFlow  Max=0.00 cfs @ 0.00 hrs  HW=446.00'  TW=456.00'   (Dynamic Tailwater)
2=Broad-Crested Rectangular Weir - OnSite  ( Controls 0.00 cfs)
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Pond PD2: Small Pond North of Pond "D" - Split Flow
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Summary for Pond Pond A: Ash Pond A (2017 Bathymetry)

Starting WSE = 464.36 taken from measurements on 01.13.20.

Outlet data from Ash Pond Lowering and Flow Diversion plans (10W510-9)

Process Flows removed from system.

Siphons removed from model.

Inflow Area = 441.904 ac, 6.32% Impervious,  Inflow Depth = 4.31"    for  25-year event
Inflow = 439.13 cfs @ 13.68 hrs,  Volume= 158.829 af
Outflow = 0.00 cfs @ 0.00 hrs,  Volume= 0.000 af,  Atten= 100%,  Lag= 0.0 min
Primary = 0.00 cfs @ 0.00 hrs,  Volume= 0.000 af
Secondary = 0.00 cfs @ 0.00 hrs,  Volume= 0.000 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-168.00 hrs, dt= 0.01 hrs / 3
Starting Elev= 453.00'   Surf.Area= 126,902 sf   Storage= 206,187 cf
Peak Elev= 463.45' @ 168.00 hrs   Surf.Area= 1,140,426 sf   Storage= 7,124,764 cf   (6,918,577 cf above start)
Flood Elev= 472.00'   Surf.Area= 5,281,903 sf   Storage= 27,526,862 cf   (27,320,675 cf above start)

Plug-Flow detention time= (not calculated: initial storage exceeds outflow)
Center-of-Mass det. time= (not calculated: no outflow)

Volume Invert Avail.Storage Storage Description
#1 450.00' 27,998,693 cf Custom Stage Data (Prismatic) Listed below

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

450.00 0 0 0
451.00 49,195 24,598 24,598
452.00 93,541 71,368 95,966
453.00 126,902 110,222 206,187
454.00 196,055 161,479 367,666
455.00 282,600 239,328 606,993
456.00 384,900 333,750 940,743
457.00 518,461 451,681 1,392,424
458.00 660,011 589,236 1,981,660
459.00 788,825 724,418 2,706,078
460.00 911,241 850,033 3,556,111
462.00 1,062,987 1,974,228 5,530,339
462.43 1,088,937 462,664 5,993,002
463.43 1,139,750 1,114,344 7,107,346
464.00 1,165,229 656,919 7,764,265
465.00 1,218,593 1,191,911 8,956,176
467.00 1,867,419 3,086,012 12,042,188
468.00 2,173,074 2,020,247 14,062,434
469.00 2,420,068 2,296,571 16,359,005
471.00 4,029,477 6,449,545 22,808,550
472.10 5,407,146 5,190,143 27,998,693
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Device Routing     Invert Outlet Devices
#1 Primary 451.50' 30.0"  Round Culvert X 3.00   

L= 150.0'   Box, headwall w/3 square edges,  Ke= 0.500   
Inlet / Outlet Invert= 451.50' / 451.00'   S= 0.0033 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 4.91 sf   

#2 Device 1 463.62' 192.0" Vert. Orifice/Grate    C= 0.600   
#3 Device 1 463.76' 192.0" Vert. Orifice/Grate    C= 0.600   
#4 Device 1 463.80' 192.0" Vert. Orifice/Grate    C= 0.600   
#5 Secondary 472.00' 5,000.0' long  x 25.0' breadth Top of Dike - Broad-Crested Rectangular Weir   

Head (feet)  0.20  0.40  0.60  0.80  1.00  1.20  1.40  1.60   
Coef. (English)  2.68  2.70  2.70  2.64  2.63  2.64  2.64  2.63   

Primary OutFlow  Max=0.00 cfs @ 0.00 hrs  HW=453.00'  TW=456.00'   (Dynamic Tailwater)
1=Culvert  ( Controls 0.00 cfs)

2=Orifice/Grate  ( Controls 0.00 cfs)
3=Orifice/Grate  ( Controls 0.00 cfs)
4=Orifice/Grate  ( Controls 0.00 cfs)

Secondary OutFlow  Max=0.00 cfs @ 0.00 hrs  HW=453.00'  TW=456.00'   (Dynamic Tailwater)
5=Top of Dike - Broad-Crested Rectangular Weir  ( Controls 0.00 cfs)

Pond Pond A: Ash Pond A (2017 Bathymetry)
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Summary for Pond Pond BC: Stilling Ponds B&C Rock Check Dam Outlet

[80] Warning: Exceeded Pond PBC5 by 5.01' @ 8.06 hrs (13.88 cfs 15.479 af) 

Inflow Area = 3,732.545 ac, 1.82% Impervious,  Inflow Depth > 0.63"    for  25-year event
Inflow = 502.42 cfs @ 12.08 hrs,  Volume= 195.959 af
Outflow = 161.14 cfs @ 17.53 hrs,  Volume= 194.792 af,  Atten= 68%,  Lag= 326.8 min
Primary = 161.14 cfs @ 17.53 hrs,  Volume= 194.792 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-168.00 hrs, dt= 0.01 hrs / 3
Starting Elev= 456.00'   Surf.Area= 0.000 ac   Storage= 206.702 af
Peak Elev= 457.23' @ 17.82 hrs   Surf.Area= 0.000 ac   Storage= 263.029 af   (56.327 af above start)
Flood Elev= 460.50'   Surf.Area= 0.000 ac   Storage= 448.931 af   (242.229 af above start)

Plug-Flow detention time= (not calculated: initial storage exceeds outflow)
Center-of-Mass det. time= 437.5 min ( 1,927.1 - 1,489.5 )

Volume Invert Avail.Storage Storage Description
#1 449.00' 795.000 af Custom Stage Data Listed below

Elevation Cum.Store
(feet) (acre-feet)

449.00 0.000
450.00 23.789
451.00 39.479
452.00 61.914
453.00 90.729
454.00 125.233
455.00 164.384
456.00 206.702
457.00 251.661
458.00 301.281
459.00 356.350
460.00 416.418
461.00 481.445
462.00 578.770
465.00 795.000

Device Routing     Invert Outlet Devices
#1 Primary 456.00' 121.0' long  x 29.0' breadth Broad-Crested Rectangular Weir   

Head (feet)  0.20  0.40  0.60  0.80  1.00  1.20  1.40  1.60   
Coef. (English)  2.68  2.70  2.70  2.64  2.63  2.64  2.64  2.63   

Primary OutFlow  Max=161.14 cfs @ 17.53 hrs  HW=457.23'  TW=457.16'   (Dynamic Tailwater)
1=Broad-Crested Rectangular Weir  (Weir Controls 161.14 cfs @ 1.09 fps)
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Pond Pond BC: Stilling Ponds B&C Rock Check Dam Outlet
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Summary for Pond Pond D: Stilling Pond D Outlet

[80] Warning: Exceeded Pond Pond BC by 0.12' @ 11.97 hrs (41.65 cfs 1.163 af) 

Inflow Area = 3,745.094 ac, 2.00% Impervious,  Inflow Depth > 0.64"    for  25-year event
Inflow = 162.51 cfs @ 17.52 hrs,  Volume= 199.612 af
Outflow = 161.23 cfs @ 17.89 hrs,  Volume= 199.421 af,  Atten= 1%,  Lag= 22.5 min
Primary = 116.93 cfs @ 17.89 hrs,  Volume= 178.780 af
Secondary = 44.30 cfs @ 17.89 hrs,  Volume= 20.641 af
Tertiary = 0.00 cfs @ 0.00 hrs,  Volume= 0.000 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-168.00 hrs, dt= 0.01 hrs / 3
Starting Elev= 456.00'   Surf.Area= 0.000 ac   Storage= 39.437 af
Peak Elev= 457.17' @ 17.89 hrs   Surf.Area= 0.000 ac   Storage= 48.334 af   (8.897 af above start)
Flood Elev= 460.50'   Surf.Area= 0.000 ac   Storage= 79.070 af   (39.633 af above start)

Plug-Flow detention time= 874.1 min calculated for 159.974 af (80% of inflow)
Center-of-Mass det. time= 69.8 min ( 1,969.2 - 1,899.4 )

Volume Invert Avail.Storage Storage Description
#1 447.00' 129.994 af Custom Stage Data Listed below

Elevation Cum.Store
(feet) (acre-feet)

447.00 0.000
448.00 0.153
449.00 1.944
450.00 5.134
451.00 9.222
452.00 14.102
453.00 19.687
454.00 25.820
455.00 32.429
456.00 39.437
457.00 46.952
458.00 55.216
459.00 64.156
460.00 73.831
461.00 84.309
462.00 95.451
465.00 129.994
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Device Routing     Invert Outlet Devices
#1 Secondary 448.48' 36.0"  Round Discharge Culvert for Raised Morning Glories X 4.00   

L= 146.5'   RCP, rounded edge headwall,  Ke= 0.100   
Inlet / Outlet Invert= 448.48' / 447.00'   S= 0.0101 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 7.07 sf   

#2 Device 1 449.60' 36.0"  Round Inlet Culvert for Raised Morning Glories X 4.00   
L= 108.8'   RCP, square edge headwall,  Ke= 0.500   
Inlet / Outlet Invert= 449.60' / 448.55'   S= 0.0097 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 7.07 sf   

#3 Device 2 456.75' 48.0" Horiz. Morning Glory Orifice X 4.00    C= 0.600   
Limited to weir flow at low heads   

#4 Primary 447.53' 36.0"  Round Newer Outlet Culverts X 4.00   
L= 107.4'   RCP, rounded edge headwall,  Ke= 0.100   
Inlet / Outlet Invert= 447.53' / 447.00'   S= 0.0049 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 7.07 sf   

#5 Device 4 450.91' 36.0"  Round Newer Central Culverts X 4.00   
L= 45.0'   RCP, rounded edge headwall,  Ke= 0.100   
Inlet / Outlet Invert= 450.91' / 447.53'   S= 0.0751 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 7.07 sf   

#6 Device 5 452.90' 36.0"  Round Newer Inlet Culverts X 4.00   
L= 26.8'   RCP, square edge headwall,  Ke= 0.500   
Inlet / Outlet Invert= 452.90' / 450.91'   S= 0.0743 '/'   Cc= 0.900   
n= 0.010  PVC, smooth interior,  Flow Area= 7.07 sf   

#7 Device 6 456.00' 7.0' long Newer Spillway Sharp-Crested Rectangular Weir X 4.00   
2 End Contraction(s)   3.0' Crest Height   

#8 Tertiary 459.10' Uncontrolled Weir to North, Cv= 2.62 (C= 3.28)   
Head (feet)  0.00  0.40  0.90  1.40   
Width (feet)  41.00  160.55  269.23  390.72   

#9 Tertiary 461.50' 331.1' long  x 10.6' breadth Broad-Crested Rectangular Weir West Saddle Dike   
Head (feet)  0.20  0.40  0.60  0.80  1.00  1.20  1.40  1.60   
Coef. (English)  2.51  2.58  2.70  2.68  2.67  2.68  2.67  2.64   

Primary OutFlow  Max=116.93 cfs @ 17.89 hrs  HW=457.17'  TW=445.03'   (Dynamic Tailwater)
4=Newer Outlet Culverts  (Passes 116.93 cfs of 457.32 cfs potential flow)

5=Newer Central Culverts  (Passes 116.93 cfs of 404.91 cfs potential flow)
6=Newer Inlet Culverts  (Passes 116.93 cfs of 226.47 cfs potential flow)

7=Newer Spillway Sharp-Crested Rectangular Weir  (Weir Controls 116.93 cfs @ 3.70 fps)

Secondary OutFlow  Max=44.30 cfs @ 17.89 hrs  HW=457.17'  TW=445.03'   (Dynamic Tailwater)
1=Discharge Culvert for Raised Morning Glories  (Passes 44.30 cfs of 428.87 cfs potential flow)

2=Inlet Culvert for Raised Morning Glories  (Passes 44.30 cfs of 335.34 cfs potential flow)
3=Morning Glory Orifice  (Weir Controls 44.30 cfs @ 2.11 fps)

Tertiary OutFlow  Max=0.00 cfs @ 0.00 hrs  HW=456.00'  TW=445.00'   (Dynamic Tailwater)
8=Uncontrolled Weir to North  ( Controls 0.00 cfs)
9=Broad-Crested Rectangular Weir West Saddle Dike  ( Controls 0.00 cfs)
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Pond Pond D: Stilling Pond D Outlet
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Summary for Pond Pond E: Ash Pond E (2019 Topo)

Sharp Crested Weir Added by modifying stop logs.

Horizontal Ofrice Modified by adding flat top and 24" Grate to top of 48" Riser

Inflow Area = 146.047 ac, 0.34% Impervious,  Inflow Depth = 5.28"    for  25-year event
Inflow = 340.83 cfs @ 12.75 hrs,  Volume= 64.291 af
Outflow = 0.00 cfs @ 0.00 hrs,  Volume= 0.000 af,  Atten= 100%,  Lag= 0.0 min
Primary = 0.00 cfs @ 0.00 hrs,  Volume= 0.000 af
Secondary = 0.00 cfs @ 0.00 hrs,  Volume= 0.000 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-168.00 hrs, dt= 0.01 hrs / 3
Starting Elev= 449.00'   Surf.Area= 162,770 sf   Storage= 199,294 cf
Peak Elev= 455.49' @ 28.09 hrs   Surf.Area= 817,349 sf   Storage= 2,999,789 cf   (2,800,496 cf above start)
Flood Elev= 475.00'   Surf.Area= 4,497,441 sf   Storage= 53,503,754 cf   (53,304,461 cf above start)

Plug-Flow detention time= (not calculated: initial storage exceeds outflow)
Center-of-Mass det. time= (not calculated: no outflow)

Volume Invert Avail.Storage Storage Description
#1 445.00' 53,951,067 cf Custom Stage Data (Prismatic) Listed below

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

445.00 411 0 0
446.00 13,391 6,901 6,901
447.00 30,548 21,970 28,871
448.00 73,764 52,156 81,027
449.00 162,770 118,267 199,294
450.00 247,240 205,005 404,299
451.00 326,565 286,903 691,201
452.00 407,315 366,940 1,058,141
453.00 466,510 436,913 1,495,054
454.00 535,811 501,161 1,996,214
455.00 661,201 598,506 2,594,720
456.00 976,939 819,070 3,413,790
461.00 1,423,990 6,002,323 9,416,113
463.00 1,728,758 3,152,748 12,568,861
464.00 2,300,770 2,014,764 14,583,625
465.00 2,511,376 2,406,073 16,989,698
466.00 2,697,989 2,604,683 19,594,380
468.00 3,086,281 5,784,270 25,378,650
471.00 4,035,979 10,683,390 36,062,040
472.00 4,254,324 4,145,152 40,207,192
473.00 4,446,267 4,350,296 44,557,487
475.10 4,500,000 9,393,580 53,951,067
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Device Routing     Invert Outlet Devices
#1 Primary 455.00' 30.0"  Round Culvert X 2.00   

L= 250.0'   RCP, square edge headwall,  Ke= 0.500   
Inlet / Outlet Invert= 455.00' / 454.00'   S= 0.0040 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 4.91 sf   

#2 Device 1 459.42' 7.8' long Sharp-Crested Rectangular Weir (skimmer plate) X 2.00   
2 End Contraction(s)   

#3 Secondary 475.00' 5,000.0' long  x 30.0' breadth Broad-Crested Rectangular Weir   
Head (feet)  0.20  0.40  0.60  0.80  1.00  1.20  1.40  1.60   
Coef. (English)  2.68  2.70  2.70  2.64  2.63  2.64  2.64  2.63   

Primary OutFlow  Max=0.00 cfs @ 0.00 hrs  HW=449.00'  TW=456.00'   (Dynamic Tailwater)
1=Culvert  ( Controls 0.00 cfs)

2=Sharp-Crested Rectangular Weir (skimmer plate)  ( Controls 0.00 cfs)

Secondary OutFlow  Max=0.00 cfs @ 0.00 hrs  HW=449.00'  TW=456.00'   (Dynamic Tailwater)
3=Broad-Crested Rectangular Weir  ( Controls 0.00 cfs)

Pond Pond E: Ash Pond E (2019 Topo)
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Summary for Pond River: Cumberland River - 445 Normal WSE

Below is a list of tailwater elevations that must be implented into the downstream River node, under 
starting water surface elevation, for the corresponding storm event.

Normal Operating - 50 year: 447.0 ft.
100 - 1000 year: 452.0 ft.
1/2 and Full PMP: 454.0 ft.

Adjust Outlet Elevation to Coorespond to Tailwater Condition

[62] Hint: Exceeded Reach 1R OUTLET depth by 0.24' @ 167.99 hrs

Inflow Area = 3,974.716 ac, 1.89% Impervious,  Inflow Depth > 82.73"    for  25-year event
Inflow = 2,272.50 cfs @ 13.30 hrs,  Volume= 27,403.026 af,  Incl. 1,955.00 cfs Base Flow
Outflow = 0.00 cfs @ 0.00 hrs,  Volume= 0.000 af,  Atten= 100%,  Lag= 0.0 min
Primary = 0.00 cfs @ 0.00 hrs,  Volume= 0.000 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-168.00 hrs, dt= 0.01 hrs / 3
Starting Elev= 445.00'   Surf.Area= 114,285.714 ac   Storage= 1,340,857.143 af
Peak Elev= 445.24' @ 168.00 hrs   Surf.Area= 114,696.011 ac   Storage= 1,368,259.341 af   (27,402.198 af above start)
Flood Elev= 452.00'   Surf.Area= 126,285.714 ac   Storage= 2,182,857.143 af   (842,000.000 af above start)

Plug-Flow detention time= (not calculated: initial storage exceeds outflow)
Center-of-Mass det. time= (not calculated: no outflow)

Volume Invert Avail.Storage Storage Description
#1 432.00' 162,400.000 af Custom Stage Data (Prismatic) Listed below (Recalc)  x 200

162,400.000 af x  20.00  =  3,248,000.000 af  Total Available Storage

Elevation Surf.Area Inc.Store Cum.Store
(feet) (acres) (acre-feet) (acre-feet)

432.00 23.000 0.000 0.000
460.00 35.000 812.000 812.000

Device Routing     Invert Outlet Devices
#1 Primary 454.00' 200.0' long  x 200.0' breadth Broad-Crested Rectangular Weir   

Head (feet)  0.20  0.40  0.60  0.80  1.00  1.20  1.40  1.60   
Coef. (English)  2.68  2.70  2.70  2.64  2.63  2.64  2.64  2.63   

Primary OutFlow  Max=0.00 cfs @ 0.00 hrs  HW=445.00'   (Free Discharge)
1=Broad-Crested Rectangular Weir  ( Controls 0.00 cfs)
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Pond River: Cumberland River - 445 Normal WSE
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