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ABSTRACT 

Exposed geomembrane cover systems (EGCSs) are a practical alternative to 
conventional soil closure of a coal combustion residuals (CCR) landfill or surface 
impoundment. A conventional soil cover system consists of a geomembrane + drainage 
geocomposite + cover soil. In contrast, an EGCS consists solely of a high-quality 
geomembrane. EGCSs enable substantial financial benefits for the owner and allow for 
ease of future mining of CCRs. 

EGCSs eliminate mining of cover soil, clear cutting of cover soil mining sites, and 
confounding and costly erosion prevalent when using conventional soil cover systems.  

The elimination of transportation, distribution, and compaction of cover soil are major 
contributors to the cost effectiveness of EGCSs. Additional cost savings include 
elimination of the need to install a drainage geocomposite, reduction of regular 
maintenance costs associated with mowing, and the elimination of erosion repair costs.  

While the benefits of EGCS vastly outweigh the challenges, there are still a few 
challenges to overcome for successful EGCS application. These include aesthetics, 
adequate anchorage systems, and mitigation of increased storm water runoff. 

A robust anchorage system must be designed to resist wind uplift. The benefits of such 
a system were proven effective in 2004 when an EGCS installed in 2001 at a landfill in 
Polk County, Florida survived three hurricanes and continues to perform well today. 
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INTRODUCTION 

In 2015, the Hazardous and Solid Waste Management System; Disposal of Coal 
Combustion Residuals From Electric Utilities, a Rule by the Environmental Protection 
Agency (EPA) which applies to new and existing landfills and new and existing surface 
impoundments, including lateral expansions of landfills and surface impoundments that 
dispose or otherwise engage in solid waste management of coal combustion residuals 
(CCR) waste was promulgated. The closure and post-closure care criteria require all 
CCR surface impoundments and CCR landfills to close in accordance with specified 
standards. CCR surface impoundments must be closed by either by leaving the CCR 
waste in its current location and installing a final cover system or through removal of the 
CCR waste and transporting it to a suitable landfill. Approximately 735 CCR surface 
impoundments and 310 CCR landfills exist and are in the process of being closed or will 
need to be closed at some time on the future.1 
The final rule requires that final cover systems for CCR surface impoundments or CCR 
landfill minimize, to the greatest extent practicable the post-closure infiltration of liquids 
into the CCR surface impoundment or CCR landfill. The final rule does not require the 
use of a composite cover for final closures. There is a case however, that minimizing 
infiltration into the CCR waste to the “greatest extent practicable” cannot be achieved 
with a soil-only cover system. The EPA generally recommends composite cover 
systems because composite systems are widely known to be more effective hydraulic 
barriers than a soil-only cover system.1 
Conventional soil covers of CCR landfills or surface impoundments may or may not 
incorporate a geomembrane. Conventional soil-only covers require 460 mm-thick (18-
inch) blanket of low permeability cover soil in addition to another 150 mm-thick (6-inch) 
blanket of soil capable of sustaining native plant growth. A vegetative soil and cover soil 
may succumb to heat and drying action and desiccate. Desiccation cracks in a clay 
cover can cause an approximate 25-fold increase in hydraulic conductivity of the soil-
only cover.2 Such an increase in hydraulic conductivity dramatically increases liquid flux 
into the CCR waste thus failing to meet the requirement of “minimizing infiltration into 
the CCR waste to the greatest extent practicable.”  

Adding a geomembrane with a soil layer is a practicable and prudent method of 
decreasing the infiltration of storm water runoff into the CCR waste. A drainage layer, 
typically a drainage geocomposite, is installed on top of the geomembrane to reduce 
infiltration by limiting the head on the barrier layer and assure cover soil stability by 
preventing excess pore pressures. The core objectives of the cover system in a CCR 
closure are to contain the CCR waste and prevent infiltration of liquids into the CCR 
waste. This “composite cover system” is universally recognized as a more reliable 
hydraulic barrier and is thus recommended by the EPA to meet this purpose. 

This brings us to the question of what purposes do the vegetative soil and cover soil 
components of soil-geomembrane cover system serve in a CCR facility closure. First, 
the cover and topsoil serves as ballast to keep the geomembrane and drainage 
geocomposite in place. Second, the cover and topsoil serve as a soil system to support 



vegetation, which aids in preventing topsoil erosion and improves the aesthetics of the 
cover. Third, the topsoil and cover soil have some ability to absorb rainfall which can 
help attenuate runoff rates. 

The final rule also allows for the use of an alternative final cover. Exposed 
geomembranes cover systems (EGCS) fit into the category of alternative final covers 
and have been successful for covers of many municipal solid waste landfills throughout 
the world. 
EXPOSED GEOMEMBRANE COVER SYSTEMS 

EGCSs can be of two different forms, a bare exposed geomembrane typically consisting 
of a high-density polyethylene (HDPE) or linear low-density polyethylene (LLDPE) or a 
composite artificial turf-geomembrane system where synthetic turf is attached with 
adhesive or ballasted against a geomembrane with sand. For this paper, the composite 
artificial turf-geomembrane system called LiteEarth is the only one considered for 
discussion. 

Bare exposed geomembranes, either HDPE or LLDPE, should be manufactured with 
premium virgin polyethylene resin and incorporate a high quality, extraction-resistant 
anti-oxidant package that will inhibit degradation due to elevated temperatures and 
ultraviolet (UV) light. Light-colored bare exposed geomembranes will have a longer 
service life than dark-colored ones due to the increased reflection of UV radiation. In 
addition, while 1.0 mm (40 mil) thick polyethylene geomembranes are commonly used 
with a soil cover, a light-colored 1.5 mm (60 mil) thick or preferably a 2.0 mm (80 mil) 
thick bare geomembrane should be specified to assure a service life exceeding 30 
years. 

                                          

Figure 1 GSE High Performance Green Geomembrane                  Figure 2 GSE High Performance White Geomembrane 

LiteEarth is a composite system consisting of a 1.14 mm (45 mil) thick ethylene 
propylene diene monomer (EPDM) geomembrane adhered to a synthetic turf system 
comprised of tufts of UV-stabilized grass-blade-shaped polyethylene filaments that are 
woven into a UV-stabilized woven geotextile. 



               

    Figure 3 LiteEarth cross-section                                                                                    Figure 4 LiteEarth 

Bare exposed geomembrane and LiteEarth cover systems offer a number of 
environmental and economic benefits over soil cover systems.  

Environmental Benefits 

 Soil Cover System EGCS Cover System 
Carbon footprint 100% 20% 3 
Import of topsoil Yes No 
Import of cover soil Yes No 
Clearing of land for cover and topsoil Yes No 
Water used for grass maintenance Yes No 
Fertilizers used for grass maintenance Yes No 
Emissions from grass mowing Yes No 
Erosion of topsoil and cover soil Yes No 
Clean storm water runoff Varies Yes 
Requires drainage layer Yes No 
Higher volume and rate of runoff No Yes 
Sand ballast required No No 

 

Economic Benefits 

 Soil Cover System EGCS Cover System 
Initial cover construction costs 100% 30% bare 

geomembrane3 to 
 approx. 100% for 

LiteEarth 
Long-term maintenance costs High Much lower 
Increased airspace No Yes 
Ability to mine CCR without removing 
cover soil 

No Yes 

Warranty available No Yes 
 

Some challenges to these systems exist. In some locations where the cover will be 
highly visible to the public, an exposed geomembrane may be unattractive to the public 
especially when the color of the cover does not match the colors found in the 



surrounding landscape. Green or tan colored, depending on the landscape, exposed 
geomembrane can help mitigate for the public’s concerns regarding aesthetics. An 
artificial turf cover system can do an even better job of blending into the surrounding 
landscape. 

 

Figure 5  Green GSE Bare Exposed Geomembrane 

Since there is no soil cover with exposed geomembranes or artificial turf cover systems, 
there must be a system to resist wind uplift. Some exposed geomembrane covers such 
as one in Polk County, Florida installed in 2001, and surviving three hurricanes in 
20044, use an anchor trench system to resist wind uplift. “T-vents” were also installed in 
order to relieve gas pressure and if needed, the caps can be removed so that high-
speed wind blowing through the t-section, causes a venturi effect. This causes a relative 
vacuum in the vertical section of the “t.” As wind speed increases, the higher the 
vacuum effect on the geomembrane around the vent.4 An EGCS installed in Maryland 
recently used Platipus® earth anchors installed in an equilateral triangle pattern with 
each side being approximately 7 meters (22 feet) 



                                        

Figure 6 Installation of a Platipus earth anchor                                       Figure 7 Platipus load plate and cable                     

LiteEarth and exposed geomembrane cover systems can use an earth anchor system 
such as the Platipus® or Duckbill® earth anchors. These earth anchors are installed into 
the CCR to a depth needed to provide adequate strength to resist pullout forces due to 
wind uplift. For the LiteEarth system, the earth anchors are installed at 4.6-meter (15-
foot) centers at seam locations. Along the machine direction, the earth anchors are 
spaced according to the amount of pullout strength each one has and the amount of 
wind uplift force exerted on the LiteEarth. Whether for a bare exposed geomembrane or 
a LiteEarth installation, earth anchor caps can be sealed to prevent water infiltration. 
The earth anchors consist of a durable metal anchor, a stainless steel cable, jaws and 
polymeric load plate.  

 

                                   

Figure 8 - Earth anchor used for LiteEarth installation                               Figure 9- Pull-out test of earth anchor from LiteEarth              

Increased storm water volume and runoff flow rates are also more challenging when 
using an exposed geomembrane or artificial turf cover system as compared to soil 
systems. A proven method of mitigating for the increased runoff rate and volume is by 



installation of a storm water management pond immediately downhill from the slope of a 
CCR landfill. For surface impoundments, it may be practical to excavate a volume of 
CCR waste out of an area near the surface impoundment’s dam to compensate for the 
increased runoff rate and volume that will accumulate at the downstream end of the 
surface impoundment. 

Conclusion 

Bare exposed geomembranes and LiteEarth cover systems offer a number of 
environmental, economic and performance advantages over a soil-only cover and 
should be considered by regulators, owners and engineers, as viable solutions to the 
requirement to close CCR surface impoundments and CCR landfills.  
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