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The closure of coal combustion residuals (CCRs) surface impoundments (SIs) will be occurring 

with an increasing frequency over the next two to seven years as the U.S. EPA Effluent Limit 

Guidelines (ELGs) are included in NPDES discharge permit requirements and exclude the 

discharge of CCR sluice water.  The purpose of this paper is to help SI owners become cognizant 

of the important geotechnical concerns that need to be addressed during the planning and 

execution phases of the project to provide a cost-effective and safe closure with effective long-

term performance.  The geotechnical considerations that will be discussed in this paper will 

include: (i) deciding whether to close the SI in-place or by removal, (ii) what type of cover 

system is appropriate under the U.S EPA CCR Rule (CCR Rule), and (iii) equipment-induced 

localized “liquefaction”.  This paper provides practical information and solutions to the awaiting 

challenges that SI owners will encounter.  Smaller SIs may be more effectively closed by 

removal, including consolidation into other CCR disposal units, provided a “clean closure” can 

be achieved.  Recent assessments have been completed to evaluate the environmental impacts of 

closing larger SIs in-place compared to closure by removal that indicate fewer environmental 

impacts through in-place closure.  There are many alternate cover systems that can meet the CCR 

Rule.  The important geotechnical considerations include the hydraulic conductivity of the 

bottom liner or underlying natural geologic conditions, the slope/configuration of the final cover, 
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available materials, and the hydrologic environment.  Equipment-induced localized liquefaction 

is a well-documented condition.  Providing methods to consider improving the subgrade will be 

provided to reduce the localized liquefaction will be provided. 
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1. Introduction 

There are nearly 500 CCR SIs in the United States, that are either active or inactive.  The 

active SIs must be closed in the next 7 years per the requirements of U.S. EPA ELG (40 CFR 

Part 423) (ELG Rule) published on 3 November 2015.  These active SIs must be closed, 

along with the inactive SIs, in accordance with the U.S. EPA CCR rules (40 CFR Parts 257 

and 261) (CCR Rule) published on 17 April 2015. 

Closure of this many SIs impose various challenges on different levels.  Engineering and 

construction related challenges revolve around the soft nature of CCRs, susceptibility of fly 

ash to equipment-induced liquefaction, complex geology, schedule, and resources to 

implement the closure.  This paper highlights three important items that should be considered 

and evaluated during feasibility study, design, and implementation of the closure.  

2. Closure Options and Considerations 

The two main closure options include: (i) leaving CCR in place and installing a final cover 

system (Option 1); or (ii) removing CCR and decontaminating the CCR unit (Option 2).  The 

three main driving elements are: 

1) The cost of closure 

2) The post closure responsibilities 

3) Environmental considerations and potential risks 
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2.1 The Cost of Closure 

In most cases, the cost of closure is driven by the size of SI and the amount of disposed 

CCR.  Option 1 might be the better option for a 400-acre SI from an economic 

standpoint, but Option 2 might be a better option for a 4-acre SI.  In general, the ballpark 

cost for closing an SI unit with Option 1 can range from $250,000 to $500,000 per acre, 

and the closure cost for Option 2 is often significantly higher than the cost for Option 1.  

 

Table 1 provides a cost comparison of both options based on publicly available 

documents prepared by the Tennessee Valley Authority (TVA).  The in-place closure 

costs ranged from $4M ($180k/ac) to 200M ($570k/ac) and the removal costs ranged 

from $20M ($900k/ac) to $2,300M ($6,600k/ac).  The cost estimates in Table 1, 

however, do not incorporate the intangibles such as environmental risk. 

Table 1:  Cost Comparison and Duration of Closure Options (TVA, 2016a). 

   Cost (million $) Duration 
(years)  

Plant 
SI Size 

(hectare-
acre) 

CCR Volume 
(m3-yd3) 

Option 
1 

Option 
2 

Option 
1 

Option 
2 Source 

Allen Fossil 
Plant 

              
9 - 22  

190,000 – 
250,000 

                
4  

          
20  

           
2  

                
3  

 TVA 
(2016b)  

Bull Run 
Fossil Plant 

            
15 - 38 

2,660,000 – 
3,500,000 

              
13  

        
274  

           
2  

              
25  

 TVA 
(2016c)  

Colbert Fossil 
Plant 

            
21 - 52 

2,432,000 – 
3,200,000 

              
10  

        
249  

           
2  

              
23  

 TVA 
(2016d)  

Jon Sevier 
Fossil Plant 

            
17 - 42 

585,200 – 
770,000 

              
13  

          
64  

           
2  

                
6  

 TVA 
(2016e)  

Kingston 
Fossil Plant 

            
12 - 31 

532,000 – 
700,000 

              
40  

        
107  

           
2  

              
11  

 TVA 
(2016f)  

Widows 
Creek Fossil 
Plant 

          
140 - 350 

19,000,000 – 
25,000,000 

            
200  

     
2,300  

           
3  

            
171  

 TVA 
(2016g)  
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A combination of both options can be implemented by consolidating the CCR within an 

SI to a smaller footprint.  The best option is site-specific and should be decided on a case-

by-case basis considering the other elements presented in this paper. 

 

2.2 Post-Closure Care Responsibilities 

Post-closure care responsibilities include maintaining the integrity and effectiveness of 

the cover system, leachate collection and removal system, and groundwater monitoring 

system. 

The owners of CCR units, where the SI is closed with Option 1, are required to perform 

post-closure care for a minimum of 30 years.  These costs can be easily estimated.  

However, whether there would be any corrective action should the groundwater 

monitoring data require corrective action is significantly more challenging because the 

corrective action could consist of groundwater monitoring to demonstrate monitored 

natural attenuation (MNA) or a corrective action as significant as a barrier wall with 

active groundwater pumping and treatment.  A probabilistic approach where different 

corrective actions and their estimated probabilities are used to calculate an estimated cost 

may be utilized to quantify this cost.  

SIs that are closed with Option 2 are not required to perform post-closure care.  However, 

after removal sufficient groundwater monitoring is required to demonstrate 

“…groundwater monitoring concentrations do not exceed the groundwater protection 

standard established pursuant to 40 CFR 257.95(h)…”   

The potential corrective action cost associated with the post-closure care can be the 

deciding factor between Option 1 and Option 2. 
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2.3 Environmental/Socioeconomic Considerations and Potential Risks 

There are environmental and socioeconomic considerations and potential risks that 

should be evaluated for both closure options.  Overall, the owner should consider, at a 

minimum: 

• Impacts on groundwater, surface water, and air quality 

• Wildlife and aquatic ecology, natural areas, parks and recreation 

• Socioeconomics and environmental justice 

• Public health and safety, including the following for Option 2 

o the number of truckloads of CCR to be hauled offsite, the haul distance 

and the risks associated with hauling (closure by Option 2 can easily add 

up to thousands of truckloads) 

o whether there are schools or other public buildings along the haul distance 

and the consequences of having an accident involving a pedestrian or 

vehicle 

o the consequences of having a release during transport 

o the carbon footprint relative to Option 1 

o whether the owner is responsible for damages to public roads caused by 

trucking 

o whether the environmental risk is simply being transferred to another 

disposal facility with less controls if it is a non-owner owned facility 

• Public and local considerations 

These are only some of the issues that to be evaluated on a preliminary basis.    
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Using a comprehensive method, TVA recently published an “Ash Impoundment Closure 

Environmental Impact Statement” (EIS) (TVA, 2016a), which considers many 

environmental risks and consequences that provides for comprehensive decision making 

on closure options.  It addressed whether to close in place or close by removal at 10 SIs.  

The EIS addressed potential impacts on 21 “resource areas”.  In summary, it found that: 

“For Closure-in-Place, TVA’s analyses confirm EPA’s determination that 

dewatering and capping impoundments would reduce groundwater contamination 

and structural stability risks because the hydraulic head (water pressure) would be 

reduced. Compared to Closure-by-Removal, this alternative would have significantly 

less risks to workforce health and safety and those related to off-site transportation 

of CCR (crashes, derailments, road damage and other transportation- related 

effects). 

Closure-by-Removal would reduce groundwater contamination risks more than 

Closure-in-Place over the long term when CCR intersects with groundwater because 

CCR material would be excavated and moved to a permitted landfill. However, this 

alternative would result in notably greater impacts associated with other 

environmental factors and would increase the potential for impacts on worker-

related and transportation related health and safety.”1  

and 

“Based on the programmatic and site-specific analyses, TVA has identified Closure-

in-Place as its preferred alternative for all 10 facilities. This alternative would 

                                                           
1 Page ES-3 of the “Ash Impoundment Closure Environmental Impact Statement”, Part 1- Programmatic NEPA 
Review (TVA, 2016) 
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achieve the purpose and need for TVA’s proposed actions and compared to Closure-

by-Removal with less environmental impact, shorter schedules, and less cost.”2 

This document is publicly available and can be used as a guideline for the evaluation of 

closure options. 

Further, another important document is the “Relative Impact Framework Application for 

Evaluating Coal Combustion Residual Surface Impoundment Closure Options” prepared 

by the Electric Research Institute (EPRI, 2016).  It provides a systematic approach for 

quantifying relative impacts to the environment, workers and nearby residents.  This 

document is not publicly available but may be obtained by EPRI funding members or 

non-funding members for a fee. 

3. Cover System Design and Considerations 

A cover system is required if an SI is closed with Option 1.  The CCR Rule requires that the 

cover system has a permeability (a.k.a. “hydraulic conductivity”) value that is less than or 

equal to the permeability of any bottom liner or native soils underlying the CCR, or a 

permeability less than 1x10-5 cm/sec, whichever is less.  However, the state regulations may 

have more stringent requirements and should be checked before proceeding with the design.  

The CCR Rule, and often the state regulators, allow for an alternative cover system provided 

that the proposed alternative can exhibit the same or better performance and meet the intent 

of the rules.   

The alternative cover must result in equal to or less than the infiltration of the prescribed 

cover.  Two of the important factors that define the amount infiltration are the permeability 

                                                           
2 Page ES-9 of the “Ash Impoundment Closure Environmental Impact Statement”, Part 1- Programmatic NEPA 
Review (TVA, 2016a) 
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of the infiltration (a.k.a. “barrier”) layer, the composition of the overlying erosion (a.k.a. 

“vegetative”) layer and the slope of the cover.  Given the same cover components, steeper 

slopes can result in more run-off and therefore less infiltration than flatter slopes.  A thicker 

and lower permeability vegetative layer provides more evapotranspiration and less 

infiltration into/through the barrier layer than thinner layers or those with higher permeability 

vegetative layers.  The Hydrologic Evaluation of Landfill Performance (HELP) (Schroeder et 

al. 1994) model can be qualitatively used for assessing different cover layer compositions 

and grade combinations for the conditions at the facility. 

The first step should be to quantify and document the permeability of any bottom liner or 

native soils underlying the CCR.  This information, along with the availability of onsite soils, 

are generally the deciding factors on the type of cover.  The owner of a site that has a cover 

permeability criterion of 1x10-6 cm/sec may elect to construct the cover using only onsite 

soil.  However; the owner of a site where the underlying natural material permeability is 

1x10-8 cm/sec may decide to use an alternative cover system that consist of various types of 

geosynthetic materials and soil.  The primary driver is the cost required to meet the criteria. 

Table 2 summarizes the pros and cons of soil covers and alternative covers incorporating 

geosynthetic/soil covers. 

Table 2:  Summary of Pros and Cons of Soil and Alternative Covers 

Soil Covers Alternative Covers including Geosynthetics 
Pros Pros 

Often faster to install. 
Can achieve permeability values that are several 
orders of magnitude lower than covers consisting 
of soils.   

Often cheaper to construct with onsite 
soils. 
 

Often allows for more disposal space as a result of 
overall thinner cover. 
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Soil Covers Alternative Covers including Geosynthetics 
Pros (continued) Pros (continued) 

Readily accepted by State Regulators 
 

Readily accepted by State regulators. 
Expected to be less expensive than a cover system 
that utilizes offsite soils. 
 
The protective layer is typically thinner than that 
required by a soil barrier layer. 

Cons Cons 
Permeability values 1 x 10-8 cm/sec or less 
cannot be reliably achieved. Requires more extensive quality control. 
  

Greater thickness takes away from 
disposal space. 

Depending on the size of subgrade and overlying 
material, laboratory or field scale testing may be 
necessary. 
 

Requires both barrier layer and overlying 
protective layer increasing the demand for 
onsite soil volume. 

Requires handling and installation by skilled 
personnel.  Requires a certified geosynthetics 
installer. 
 

 Often requires laboratory interface testing between 
geosynthetics and soil layers. 

  
 Often more expensive when compared to soil 

barrier layer using onsite soils. 
  

 
Prices can rise based on high demand and/or high 
petroleum prices.  Geosynthetics will be likely in 
high demand up to the mid-2020s. 

  

Regardless of selection, the cover system should be designed such that grades after 

settlements don’t create low spots that can develop into “bird baths” of ponded water. 

4. Field Operations Considerations 

Earthwork involved in SI closure can easily add up to several million cubic-yards over 

hundreds of acres.  Earthwork operations will typically involve operating equipment on ash.  

There are substantial construction challenges and safety concerns due to the loose nature of 

impounded ash.   

4.1 Operating on Fly Ash 
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The most common problem with working on ash is equipment-induced liquefaction.  

Liquefaction in this context refers to the phenomenon that pore pressure in the ash 

increases as a result of operating equipment that induce vibrations.  Once the pore 

pressure becomes equal to the effective overburden stress, the ash fails.  The simplest 

way to mitigate this situation is to place a bridging layer between equipment and the ash 

subgrade.  Based on the authors’ experience, equipment operators often feel comfortable 

and place a minimum of four-feet thick bridging layer when operating on soft ash 

(Photograph 1).   

The stability of an ash subgrade can be further improved by using geosynthetics that 

distributes the load over a larger area more uniformly.  High-strength woven geotextiles 

are available and can be placed on the subgrade before constructing the bridging layer 

(Photograph 2).  Similarly, different types of geogrids can be used and placed in layers 

within select granular fill to improve subgrade stability.  

If sufficient onsite soil material is not available, dewatering and in-situ stabilization (ISS) 

may be considered.  Dewatering generally involves installing a well-point system 

consisting of a series of small diameter wells connected to a pump(s) or vacuum.  ISS is a 

well-established technique that involves mixing and binding near surface (three to four 

feet deep) ash particles with an agent such as cement, which in turn increases the stiffness 

of subgrade.  ISS has been widely used for brownfield sites foundation improvement.  It 

is a relatively new application for coal ash sites.  The cost associated with both 

dewatering and ISS can be highly variable depending on the site location, access, and the 

size of the site. 

4.2 Civil Layout Considerations 
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Ash pond closures often involve a lot of earthwork, including excavation and relocation 

of CCR or importing off site or relocating on site soil as grading fill, because the surface 

of the ash is essentially never at the required final grade.  This may create an even greater 

challenge depending on the existing water level (and corresponding pore water pressure) 

in the ash.  Typically, if the water level is within or above the top couple feet of the ash 

(in “wet ash”) it is difficult to work over because of localized stability issues (soft 

subgrade) that drives up costs and lengthens the schedule.  Therefore, it would be 

beneficial to reduce the amount of area where working over wet ash. 

To manage the quantity of CCR relocation, different grading options and their 

consequences should be considered.  For example, a grading plan with the least amount 

of earthwork (Grading Alternative 1) may require operating within wet CCRs over a 60-

acre area, while another grading plan with a higher earthwork volume (Grading 

Alternative 2) may require operating within CCR in a much smaller area of wet ash.  

While the quantities for Grading Alternative 1 may look appealing on paper, it may 

potentially create schedule delays and cost increases because of construction difficulties 

and may create safety concerns for operators because of working on wet ash.  The cost 

and schedule implications can be significant. 

5. Conclusion and Recommendations 

Nearly 500 SI must be closed in the near future as a result of the recent USEPA rules (ELG 

Rule and CCR Rule).  Closing this many SIs will be a challenge on multiple levels.  The 

owners should carefully consider the closure options, long-term responsibilities, associated 

costs and the risks.  The owner, engineer and contractor should work as a team to decide on 

the best applicable design for the project. 
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Photograph 1. Approximately 4-ft thick bridging layer provides “stable” working platform. 

~4-ft thick 
bridging layer 

Water 
bleeding as a 
result of 
bridging layer 
placement 
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Photograph 2. High-strength woven geotextiles can be used to improve subgrade stability. 

High-strength 
woven 
geotextile 
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