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INTRODUCTION 

As the need arises to close an estimated five hundred surface impoundments across 

the United States that contain coal combustion residuals (CCRs), an alternative, safe, 

sustainable, and cost-effective approach is being pursued.  Utilizing the traditional 

closure approach for CCR impoundments typically involves dewatering and/or 

establishing a suitably sloped subgrade through relocation of CCRs and/or placement of 

structural fill on top of the CCRs.  The final cover consisting of low permeability soil 

and/or a geomembrane overlain by a protective soil cover is then placed to accomplish 

closure.  The traditional closure approach is a challenging process considering the low 

strength and high compressibility of the CCRs, thereby requiring specialized heavy 

construction equipment, extended time required for construction, and high capital costs 

compared to closure construction over more stable materials.  In this paper, an 

alternative closure approach which overcomes these challenges is presented.  

PROPOSED CLOSURE DESIGN 

The patented sustainable closure approach consists of a geomembrane deployed over 

the existing grades of a CCR impoundment with minimum regrading, placement of a 

protective soil cover layer, formation of shallow ponds for various sustainable habitats, 

and development of the habitat itself. The approach may include construction of small, 

gently sloped interim berms to form isolated cells, depending on the size, configuration, 

and original grades of the impoundment. Figure 1 illustrates a comparison between the 

traditional and sustainable habitat closure approaches. Two types of sustainable habitat 

design are presented in Figure 2, of which one consists of shallow ponded water with 

scattered soil islands or berms in the closure area, and one fully covered by shallow 

water.  The design can be adapted to the existing grades or to accommodate habitat 

preferred by various common, rare, threatened, and endangered species.  
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Figure 1. Clay cap closure profile vs. sustainable habitat closure profile. 

 

 

Figure 2. Two types of sustainable habitat. 

 

Benefits of the Sustainable Habitat 

There are numerous benefits to the sustainable habitat closure approach with regards 

to constructability, long-term maintenance, ecology, and cost.  The construction effort 

required to close a CCR impoundment in the traditional manner is significant.  To 

provide a suitable subgrade on which to place the cap, the CCRs are often required to 

be dewatered which is an effort that is often laborious, time consuming, and expensive.  

Even after dewatering, the CCRs may need stabilized with structural fill or a 
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geosynthetic material such as geogrids, to operate traditional construction equipment 

such as trucks, excavators, and dozers.  This traditional construction equipment is also 

expensive to operate and has significant fuel consumption. A sustainable habitat 

closure will reduce the need for the dewatering and extensive preparation of the 

subgrade as well as the need for large quantities of borrow soil.  This similarly reduces 

the amount of fuel-consuming heavy equipment required that have difficulty navigating 

on the weak CCR material.  

The long-term maintenance with a traditional low-permeability soil cap is also often 

labor intensive and expensive.  The vegetation on the soil cover must be consistently 

cut to allow for inspection of the integrity of the cap and to ensure that no damage has 

occurred to the clay liner by means of erosion or wildlife. Additionally, there is often 

settlement due to a drop in the piezometric water level and attendant consolidation of 

the CCRs. This settlement can cause drainage issues as well as damage to the clay 

cap which would need to be repaired to maintain its integrity. A cap using the 

sustainable habitat closure design has little long-term maintenance as the vegetation 

will not need to be cut and as discussed below, if properly considered, consolidation 

and settlement will not be as much of a concern because the surcharge associated with 

the material on top of the CCRs is minimized. 

A low-permeability soil cap is disruptive to the ecology of not only the area where the 

CCR impoundment resides but also the borrow source utilized to obtain the large 

volumes of structural fill required to achieve design grades.  The low permeability soil 

used as the cap material is often transported in from another property which can disturb 

many acres of land. In the traditional clay cap method, the borrow area and the capped 

CCR impoundment remain essentially large grassed areas.  In the case of a sustainable 

habitat closure, the capped CCR impoundment will remain an ideal location for aquatic 

plants and wildlife. 

The cost savings from utilizing a sustainable habitat cap can be significant.  KEY 

estimated that for the Former Muskingum River Plant’s Upper Reservoir discussed 

below, there will be over $17 million in cost savings1.  These savings account for the 

fact that less subgrade preparation will be required, less construction equipment is 

needed, less soil material will be required to be transported and spread, and there is 

less long-term operation and maintenance cost.   

PROJECT BACKGROUND 

The Former Muskingum River Plant located in Waterford, Ohio has a 152-acre 

(615,122-square meter) CCR impoundment referred to as the Upper Reservoir.  This 

impoundment was used for fly ash handling and stormwater management.  The 

distance from the center of the impoundment to the eastern or western limit is roughly 

1,800 feet (549 meters) and the maximum depth of ash is approximately 139 feet (42 

meters). With such a large area, wide span, and CCR deposit thickness preparing the 
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surface for a traditional system to achieve outward drainage with a minimum post-

settlement slope of one (1) percent is particularly problematic for this site because it 

would result in: 

• Very deep cuts within the low shear strength CCRs – such cuts have been 

shown on this site and others to be prone to sloughing and slope failures; and/or, 

• Import of large quantities of borrow material to be placed on top of the low shear 

strength CCRs – such fill placement may cause bearing capacity failures within 

the CCRs unless the fill material is placed in a very slow manner, with concurrent 

pore pressure monitoring. 

Additionally, several aquatic and related species would be displaced by construction of 

a maintained upland vegetated cover system, including certain species of ducks that are 

regularly banded by the Ohio Department of Natural Resources (ODNR). 

As such, an alternative cover system design was proposed based on the re-

establishment of a sustainable habitat on top of the impoundment. This alternative cover 

system is effective for minimization of percolation through the cover system, avoids the 

construction impracticability aspects of significant earthwork activities on and within low 

shear strength CCRs, and provides the environmental benefit of a high-quality 

sustainable habitat suitable for numerous species, including common, and rare, 

threatened, or endangered.   

DESIGN CONSIDERATIONS 

The sustainable habitat design includes the following features: 

• A geomembrane as the low permeability component of the final cover system; 

• A minimum six (6) inch thick protective soil cover layer; 

• Separation berms to promote shallow ponding of water, and to afford segregation 

of varied sustainable habitats; and, 

• Minimal slopes in the range of one (1) to five (5) percent, to accommodate 

existing surface grades as well as ponding of water required for the sustainable 

habitat. 

The following Figure 3 presents a plan view of the proposed separation berms, 

sustainable habitat cells, and central drainage channel in the closure design.  
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Figure 3. Proposed sustainable habitat cells. 

 

A minimum of six (6) inches (15 centimeters) of soil will be placed over the 

geomembrane to protect it from possible long-term damage due to ultraviolet 

degradation, puncture from animal hooves, etc. The soil will also support the growth of 

certain plants and will additionally provide refuge for other animal species. The 

gradually sloping ground surface within each cell will create conditions for a diversity of 

aquatic plant species to grow. Mud flats will be exposed along the gradual slope as the 

cells dry, providing critical habitat to shorebirds. Logs, branches, and root masses may 

be carefully placed in the cells to provide basking sites for turtles and perches for birds. 

The saturated wood would also support a diversity of plants. In addition, by maintaining 

final surface grades at a five (5) percent or less, the substrate is not conducive to 

burrowing animals such as muskrats and beavers. 

Various geotechnical and hydrologic/hydraulic calculations and evaluations have been 

conducted in conjunction with detailed design of this closure concept. The following 

sections detail each of the evaluations. 

Cover Equivalency Evaluation 

To demonstrate the percolation equivalency of the sustainable habitat design, the 

Hydrologic Evaluation of Landfill Performance (HELP)2 software was used to model both 

the traditional closure design and the geomembrane sustainable habitat.  The following 

assumptions and data were utilized: percolation results for an area of one (1) acre 
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(4,047 square meters) were multiplied by five (5) to model a 5-acre (20,234-square 

meter) cell area; weather data was generated from 5 years of synthetic data based on 

the Columbus, Ohio gage location; and, 100 feet (30 meters) of fly ash was present 

below the cap.  For the geomembrane, it was assumed that it was installed in fair quality 

indicating that there were two (2) 1 mm pinholes and one (1) 1 cm2 puncture in the 

material, per acre.  The HELP software calculated that almost 1,000,000 gallons 

(3,785,412 liters) of water would percolate through a traditional clay cap while 

approximately 690,000 gallons (2,611,934 liters) would percolate through a 

geomembrane cap.  Table 1 below summarizes the findings of the HELP model.  

Table 1. Summary of average annual percolation. 

 

Where; 

 

Additional calculations were completed using research published by J.P. Giroud and R. 

Bonoparte to further validate the findings of the HELP model3,4.  The findings of the 

additional calculations were consistent with the results of the HELP model. 

Consolidation and Settlement 

Traditional low permeability soil caps over CCR impoundments can experience 

significant settlement because the CCRs typically receive little or no compaction during 

placement, and significant surcharge loading is often applied by the structural fill placed 

to achieve final design grades.  The sustainable habitat geomembrane concept reduces 

the amount of material placed on the CCR, therefore there will be minimal surcharge 

loading. 

KEY estimated settlement for the Upper Reservoir sustainable habitat cap using one-

dimensional consolidation theory based on consolidation properties obtained from 

laboratory consolidation tests.  The objective was to analyze settlement to ensure that 

the design grades would still provide positive drainage after settlement has occurred. 

Numerous tools were utilized including a groundwater model, AutoCAD Civil 3D, an 

Excel file which consisted of over 2,000 points, and a post-settlement grading plan. 
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Surveys performed in 2015 and November 2017 presented an opportunity to compare 

the predicted to observed consolidation settlement.  The pool elevation was lowered 

over the 2015 to 2017 period with portions of the Upper Reservoir consolidating due to 

the increased loading caused by the lowering of the pool.  Consolidation settlement 

calculations were performed to estimate the settlement.  The laboratory derived 

consolidation values were found to underpredict the consolidation settlement.  The 

compression index for the uppermost CCR layer was therefore adjusted by iteration to 

improve correlation with settlement observed between the 2015 and 2017 surveys due 

to the reduction in Upper Reservoir pool elevation.  The adjusted compression index for 

the uppermost CCR layer was then used for the consolidation settlement analyses.  The 

analyses ultimately allowed KEY to evaluate where and how settlement would occur 

and use that information to design cells to impound and subsequently drain water 

effectively. 

Surface Water Management 

Stormwater will be detained in the Upper Reservoir to create a sustainable habitat over 

a final cover system of approximately 142 acres (574,654 square meters).  Twenty-

three (23) independent sustainable habitat cells will feed into a central 30-foot (9.1-

meters) wide main channel, which will be very gently sloped from east to west and 

discharge to the modified vertical outfall structure.  The cells will be created by 

constructing shallow separation berms.  Each separation berm will be at least 2 feet (61 

centimeters) high, and the cells will be capable of impounding up to 1.5 feet (46 

centimeters) of stormwater before discharging through a 15-foot (4.6-meter) wide outlet 

weir, and into the main channel.  The modified outfall structure will discharge to a 

natural channel which flows into a small stream. 

Public Support and Agency Approval 

The alternative sustainable habitat closure of CCR impoundments has particular public 

interest and support.  In the case of the Upper Reservoir, several avian and related 

species would be displaced by the construction of a maintained upland vegetated cover 

system, including a species of ducks that are regularly monitored by the ODNR and 

viewed by the public. With the sustainable habitat cap the aquatic species would be 

able to return to the impoundment after cover system installation, and the final cap 

configuration would increase their preferred habitat.  For this reason, the sustainable 

habitat concept has received the support of the Friends of the Lower Muskingum River5 

conservation organization and local wildlife enthusiasts6.  

A Permit to Install (PTI) application was submitted in May 2018 to the Ohio 

Environmental Protection Agency (OEPA) which included detailed design drawings, 

technical specifications, supporting documents and calculations. The agency provided 

minimal comments on the submittal and approval of the PTI was received in September 

20187.   
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SUMMARY 

The traditional closure approach to capping CCR impoundments is a challenging 

process which often requires energy-intensive processes such as dewatering, subgrade 

grading and preparation, land disturbance for borrow materials, and long-term 

maintenance.  The patented sustainable habitat closure may provide an alternative that 

overcomes these challenges by avoiding large scale regrading, reducing the need for 

soil borrow material significantly, and creating high quality habitat. In the particular case 

of the Upper Reservoir at the Former Muskingum River Plant, the sustainable habitat 

closure design was completed, accepted, and ultimately approved by both the public 

and regulatory agency and could become an example of the benefits that this 

technology could provide at other sites.  
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