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ABSTRACT  
 
There are several challenges to meeting the CCR Rule requirements for new landfills. 
What are the keys to demonstrating equivalence for alternative composite liners?  The 
Rule requires that the liner system be “constructed of materials that have appropriate 
chemical properties…to prevent failure due to…physical contact with the CCR or 
leachate”.  Testing geomembrane samples with minimum Asperity Height to confirm 
appropriate shear resistance of the interface is an appropriate goal, but should not be 
strictly specified due to variability in the ASTM results.  The Rule requires that the 
“Leachate collection and removal system must be…designed and operated to minimize 
clogging during the active life and post closure care period.” Beneficial use is great—but 
will that bottom ash really hold up over time if used in the LCS?  There are 
geocomposite impingement issues.  CCR weighs more than MSW:  100 meters of fill 
represents a confining pressure of nearly 1,436 kilopascals.  This can require round-
strand or tri-planar geocomposite, particularly if there is a need to facilitate possible 
future expansion of the unit.  100-hour tests should be run on geocomposite at the 
worst-case design pressure and gradient prior to shipping, to insure the transmissivity is 
adequate to maintain the 30 cm maximum head required by the Rule.  Manufacturer 
index tests do not suffice, since they are run at 478 kilopascals and a 0.1 gradient for a 
period of just 15 minutes. Why are both sides of the geomembrane textured?  Why is a 
geotextile included on both sides of a geocomposite?  How will your protective cover 
layer hold up on slopes when exposed to heavy rain? 
 
 
INTRODUCTION  
 
Many consultants have experience with designing Municipal Solid Waste (MSW) landfill 
liner systems.  While the composite liner system is very similar, there are some unique 
challenges associated with CCR, in terms of its compatibility with certain liner materials 
and materials used in the leachate collection system (LCS).  Many power plants are 
located in urban and/or alluvial settings where impermeable clay is scarce or rocky.  
Hence many CCR liner designs incorporate a Geosynthetic Clay Liner (GCL) instead of 
a compacted clay liner.  But some CCRs can interact with the sodium bentonite in GCL 
and impair the permeability. This necessitates site specific chemical impact testing and 
possibly polymer enhancement of the GCL to resist impairment by cation exchange.  
Demonstrating hydraulic equivalence of a GCL may be a challenge without including a 
geocomposite drainage layer in the liner design.  MSW tends to act as a filter to keep 
cover soil from clogging the leachate collection system.  By way of comparison, some 



CCR (particularly gypsum and Type C fly ash) can pose a clogging threat to the 
leachate collection system.  Sand and CCR utilized in drainage, filtration, ballast, and/or 
protective cover layers can be subject to erosion during precipitation, particularly on 
steeper slopes.  Bottom ash can serve as a drainage layer or protective cover, but may 
contain pyrites that can foul the leachate collection system over time with “ochre” (iron 
sulfate precipitation).  For this reason, specialized geocomposite and/or geotextile may 
be incorporated into the design.  CCR is far denser than MSW, and is often landfilled at 
steeper cap slopes than MSW, leading to a greater ultimate peak height.  These factors 
in turn can create impingement issues with a geocomposite drainage layer.  Round 
strand and triplanar options may be needed, if the thickest standard geocomposite 
options are not adequate to provide adequate flow under the ultimate loading (i.e. 
maintain the maximum head within the layer itself). 
 
These components of an alternative composite liner system for a CCR carry their own 
implications for friction and hydraulic conductivity testing, in addition to the normal 
pitfalls associated with the use of geosynthetics in a landfill liner, such as the potential 
for ultraviolet (UV) degradation of exposed geotextile or clogging by fines.  
 
§ 257.70 (c) of the CCR Rule requires an owner or operator to demonstrate that an 
alternative composite liner design is: 

• Constructed of materials that have appropriate chemical properties and sufficient 
strength and thickness to prevent failure due to pressure gradients (including 
static head and external hydrogeological forces), physical contact with the CCR 
or leachate to which they are exposed, climatic conditions, the stress of 
installation, and the stress of daily operation. 

• Constructed of materials that provide appropriate shear resistance of the upper 
and lower component interface to prevent sliding of the upper component, 
including on slopes. 

 
Some of the methods for confirming that these aspects of the typical alternative 
composite liner design are adequate discussed in the sections below. 
 
HYDRAULIC CONDUCTIVITY  
 
The hydraulic conductivity of an alternative composite liner must not exceed 1 x 10-7  
centimeters per second (cm/sec). A calculation must be completed to confirm that the 
liquid flow rate through the lower component of the alternative composite liner is no 
greater than the liquid flow rate through two feet of compacted soil with a hydraulic 
conductivity of 1 x 10-7 cm/sec. Furthermore, site specific testing is needed to confirm 
that materials which make up the GCL are chemically resistant to the facility’s CCR. 
 
GCL permeability is typically specified at 5 x 10-9 cm/sec or lower with a thickness of 3 
to 8 mm (EPA 2001). Although such calculations typically employ the Giroud formula, 
the CCR Rule (§257.70(c)(2)) requires the use of the modified Darcy’s Law equation1: 
 

                                                 
 



 
Where, 
Q = flow rate (cubic centimeters/second); 
A = surf ace area of the liner (squared centimeters); 
q = flow rate per unit area (cubic centimeters/second/squared centimeter); 
k = hydraulic conductivity of the liner (centimeters/second); 
h = hydraulic head above the liner(centimeters); and 
t = thickness of the liner (centimeters). 
 
Modeling of the landfill bottom liner system is typically performed using the EPA HELP 
model. Results of this model are used to estimate the centimeters of head on the liner 
system. For two feet of compacted clay, the flow rate per unit area (q) is defined by the 
CCR Rule to be 1 x 10-7 cubic centimeters/second/squared centimeter. Considering 
GCL with the modelled condition, “q” is calculated and compared to the liquid flow rate 
than the prescriptive clay liner to confirm whether it is an acceptable design alternative.   
 
 
CHEMICAL COMPATIBILITY OF GCL 
 
GCL consists of a layer of low-permeability sodium bentonite typically supported by 
geotextiles.  When hydrated, the bentonite swells, making it a self-healing system with 
respect to punctures or leakage through a landfill liner system. The performance of 
GCLs when exposed to chemicals is typically completed by evaluating the 
long-term hydraulic conductivity of GCLs permeated with site-specific leachate.  As 
discussed in CETCO’s Technical Release 347 (TR-347), test results have found that 
when permeated with liquids containing high levels of dissolved calcium or magnesium, 
or those with high ionic strength, the interlayer sodium ions in bentonite can be replaced 
with cations dissolved in the water that comes in contact with the GCL, a process known 
as cation exchange.  The cations of high ionic strength (such as calcium or magnesium) 
replace sodium ions in the bentonite. This chemical reaction has the potential to affect 
the performance of a GCL.   
 
GCL materials have a well‐established history of compatibility demonstrations with the 
MSW leachates. Some CCR leachates, particularly those where leachate or sluice 
water is recycled in a closed‐loop system, have been shown to increase the 
permeability of GCLs. To prevent this cation exchange from occurring, GCL 
manufacturers have developed polymer-amended GCL materials for use with leachates 
with strong potential to degrade GCL. As shown in the figures below, the CETCO 
Resistex DN and Agru WN36-7S Enhanced GCLs do not exhibit a significant increase 
in permeability over time when permeated with representative CCR leachate, and are 
capable of meeting the specified GCL permeability of 5x10‐9 cm/sec.  
 
In preparation for a liner project, it is advisable to have GCL manufacturers run 
compatibility evaluations on their GCL products to prequalify their materials for 
construction, using leachate generated at the site or leachate generated in the 



laboratory using CCR from the plant.  Site‐specific leachate should be analyzed, using 
ASTM D6766 (“Standard Test Method for Evaluation of Hydraulic Properties of 
Geosynthetic Clay Liners Permeated with Incompatible Liquid”), to determine if the 
selected GCL is compatible with the leachate.  If there is no landfill yet constructed, 
leachate can be generated in the laboratory from solid CCR samples taken at the plant. 
A leachate collection system utilizing a geocomposite is designed to maintain very low 
head (i.e., less than the thickness of the geocomposite drainage layer).  This lower head 
can be accounted for in the hydraulic equivalency calculation for the GCL. Impingement 
of the GCL does not need to be accounted for in the equivalency calculation, since the 
most conservative head case occurs early in the life of the landfill, prior to significant 
loading of the CCR column.  The permeability of the GCL would typically decrease 
under the confining pressure as a result of the impingement.  The geocomposite should 
be designed to maintain this head even under the worst-case initial condition (i.e. during 
initial CCR placement).  It has also been AECOM’s experience that standard bentonite 
GCL permeabilities are typically significantly lower than their stated value and rarely fail 
permeability testing. In order to achieve compatibility with the anticipated leachate, the 
GCL to be utilized in a CCR landfill liner will often be polymer-amended bentonite GCL. 
As an additional benefit, these polymer amended GCLs have considerably lower 
permeability than standard GCLs.  
 
To similarly reflect the initial condition, the GCL compatibility tests should be run for 
multiple months under relatively low confining pressure (4 psi) until they reached steady 
state in accordance with ASTM D6766.  As shown in the Table 1 and  Figures 1a and b 
below, both the CETCO and Agru America polymer amended GCL materials were 
deemed compatible with the CCR material on a recent project and reached a steady 
state permeability of 9.8x10-10 cm/s and 3.6x10-10 cm/s, respectively. Utilizing a 
permeability of 1x10-9 cm/s and a consolidated thickness of 0.3 cm (representative of 
long term conditions), the calculated flow rate through the GCL is lower than that of the 
CCR Rule’s standard two feet of 10-2 cm/sec compacted clay, assuming a leachate 
head of 30 cm (i.e. not a geocomposite drainage layer). It should be noted that during 
the long term conditions, the leachate generation is expected to be significantly lower 
than during early operations, adding to the conservatism of this evaluation. In industry 
research, standard GCL used in composite liner systems has been shown to lead to 
less leakage than composite liner systems constructed using compacted clay. 
Advances in polymer amended bentonite GCL should increase this performance over 
time. Based on the anticipated performance of the leachate collection system and the 
results of the permeability testing with the leachate using polymer amended GCL, a 
proposed liner system can be considered equivalent without any additional restrictions 
to leachate head in the proposed permit conditions. 
 
 
 
 
 
 
 
 



Table 1: Polymer amended GCL materials hydraulic conductivity test conditions  

 
 

Figure 1: a) Hydraulic conductivity test results 

 
b) Permeability test results 

 



 
LCS DESIGN CALCULATIONS 
 
The CCR Rule published by U.S. Environmental Protection Agency (EPA) requires that 
the leachate collection system of a new Coal Combustion Residuals (CCR) landfill must 
be designed and operated to minimize clogging during the anticipated active life of the 
landfill and the 30-year post-closure care period.  Unlike typical Municipal Solid Waste 
(MSW) facilities, where the first loosely-placed / “fluff lift” of waste can act as a filter for 
overlying materials, CCR materials placed in proximity to natural or geosynthetic 
drainage media has the potential to clog this underlying drainage layer.  The filter 
design is key to the long-term performance of the leachate collection system.  
 
There are several other aspects of a CCR landfill that can be problematic for the 
leachate collection system, and these should be considered during the design, 
construction and operational phases.  Sand tends to wash away in heavy rain unless 
covered.  Bottom ash may contain pyrites that clog the leachate collection system with 
ochre formed by ferrous hydroxide.  CCR fines in the “contact water” can run off the 
surface of CCR placed in the landfill and blind the leachate collection system.  This can 
form a “slime” layer that causes mechanical blinding on the surface of the layer.  This 
phenomenon can be minimized through the inclusion of “chimney drains” that facilitate 
an inward gradient and essentially a “stormwater bypass” directly to the leachate 
collection pipes.  In addition to these acute “turbulent” issues, there are long-term 
compatibility concerns to address through HCR testing that evaluates the potential for 
the proper formation of a “filter cake” of CCR along the top of the sand or geotextile that 
is designed to protect the leachate collection system. 
 
Geotextiles can pose a problem in several manners:  

• Piping - If the Apparent Opening Size (AOS) is too large, a stable filter cake is 
not able to form and CCR particles can pass through the geotextile and clog the 
leachate pipe and sump area, possibly resulting in damage to the pumps. 

• Blinding – If the apparent opening size (AOS) or percent open area (POA) are 
too small and the geotextile blocks CCR particles but does not form a proper filter 
cake that allows water to pass through a spatial matrix, then the geotextile may 
blind, representing a clogged filter that is impractical to replace. 

  
Finding the proper filter mechanism is critical to long-term performance of the leachate 
collection system.  The CCR properties can vary greatly from plant to plant, depending 
on type of boiler, coal being burned, limestone used in the scrubber and other variables.  
Therefore it is highly advisable to conduct site-specific testing to confirm compatibility of 
the proposed filtration media or geotextile with the on-site CCR material.  
 
The engineering team performs design calculations to evaluate the performance of the 
leachate collection system under various conditions at different stages of the facility’s 
life.  The results of HCR testing can be used to refine design calculations and/or verify 
whether the leachate collection system will perform adequately long-term. Reductions in 
system permeability, due to clogging and (in the case of a geocomposite) impingement 



(sometimes called creep) due to compression from the confining pressure of overlying 
CCR, are based on the compatibility testing results. 
ASTM LABORATORY TESTING METHOD TO EVALUATE FILTER COMPATIBILITY 
 
The two principal ASTM methods that are utilized in the laboratory to evaluate the 
compatibility of a soil-geotextile system are the Gradient Ratio Test (GR test/GRT, 
ASTM D51012) and the Hydraulic Conductivity Ratio Test (HCR, ASTM D55673). The 
HCR test is more appropriate for CCR landfill liner design, since the effective stress on 
the sample can be increased following stability at a lower stress, to evaluate long-term 
anticipated conditions.  Also, the saturated vertical hydraulic conductivity of coal ash 
can vary by several orders of magnitude with common values between 1x10-3 cm/s and 
5x10-6 cm/s4.  Given the relatively high anticipated head losses in the system, 
manometer complication issues, and the soil type in the installation, the HCR method is 
preferable over GR testing for the filtration evaluation of CCR.  The Geosynthetic 
Research Institute advises an ideal range of 0.4 to 0.8 for minimal clogging5 , although it 
is more imperative to get a stable leveling off after an initial drop, as a reflection of the 
proper filter cake formation without piping. 
 
The HCR test measures the hydraulic conductivity of the system at the beginning of 
permeation and at the end of permeation after the system has stabilized. The ratio of 
the final hydraulic conductivity to the initial hydraulic conductivity generally indicates 
system performance. The HCR test is performed in a flexible wall permeameter and the 
head difference across the system is typically controlled through the use of a pressure 
panel. One can determine and report the system hydraulic conductivity over the 
duration of the test, but outside of suspended solids leaving the evaluated system, one 
can not readily evaluate the migration of the CCR material into or through the geotextile 
filter.6   Several common post-test observations are presented in the Table 2 below: 
 
Table 2: Post-Test Observations 

Observed behavior(s) 
Applicable Laboratory 
Configurations 
 

Separation 
No filter cake formation / particle migration  A-E 
Filter cake formation at the interface with ready 
separation / non-observable intrusion A-E 

Intrusion 

Into the Geotextile A-E 
Into the Coarse Media A, D, & E 
Into the Geosynthetic drainage Layer B & C 
Full to bottom flatten A-E 

Piping “Retained” soil through the geotextile and out of 
the system.  A-E 

 
                                                 
 
 
 
 
 



 
The HCR test can take several weeks to complete. Adequate time should be budgeted 
for testing, accounting for the possibility of testing multiple materials if the initially 
selected material performs unsatisfactorily. Testing duration is often discussed in terms 
of pore volumes of flow. Figures 2a and 2b present the final volume of flow versus the 
system hydraulic conductivity and the hours of flow versus the system hydraulic 
conductivity, respectively. Given the difficulty in determining weight-volume relationships 
for CCR materials, a rough estimate of the testing duration should be derived base on 
the initial hydraulic conductivity of the system noting that higher gradients are permitted 
for use in testing at lower hydraulic conductivities.  
 

Figure 2: a) Pore Volumes of Flow for Stability and b) Hours of Flow for Stability 
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ADDITIONAL CLOGGING CONCERNS 
 
As reported by the Geosynthetic Research Institute, fly ash has been known to present 
as impediment to drainage systems for some time. 7  It has a similar grain size to silt 
and is also cohesionless, exhibiting the same problematic characteristics as silt (piping, 
etc.). This is also true of gypsum. A geosynthetic manufacturer has developed a 
geocomposite prototype specially designed for use with CCPs.  The upper geotextile 
layer consists of a non-woven and a woven geotextile needle-punched together. Similar 
geotextiles have since been developed by other manufacturers.  A standard 
geocomposite has been tested in a research project conducted at the Ohio State 
University in conjunction with American Electric and Power (AEP), where it was 
established that CCPs alone yielded higher hydraulic conductivities than the CCPs 
combined with the geocomposite. Field testing exhibited lower hydraulic conductivities 
than values measured in the laboratory.8  An additional study at Ohio State University 
was conducted with a geocomposite prototype, specially designed for use with CCPs. 
The outcome of this study was more favorable. However, the CCP characteristics at the 
AEP plant were considerably different than the CCPs at EW Brown, and some of the 
data were inconclusive in the second Ohio State study. So laboratory testing was 

                                                 
 
 



conducted on a new geocomposite prototype with gypsum and fly ash samples obtained 
at a generating station. The geocomposite flow characteristics were tested in the 
laboratory with a plant’s gypsum and fly ash for hydraulic conductivity ratio (HCR) 
testing per ASTM D 5567 and transmissivity testing per ASTM 4716.9   As illustrated in 
the Figure 3 below, the HCR value stabilized within two pore volumes with no further 
decrease. The geotextile forms a stable filter indicating no further decrease in hydraulic 
conductivity over time. Test conditions were selected to reflect the proposed landfill 
configuration: gradient = 0.02, time = 100 hours, boundary conditions = CCP/GDL/GM, 
pressure = 10,000 psf. Transmissivity results ranged between 4.3 x 10-3 to 6.7 x 10-3 
m2/sec.  A test pad in the field confirmed compatibility of the facility’s CCR with the 
geocomposite product in question. 
 
 

Figure 3 Hydraulic conductivity ratios 

 
 

The results from this same drainage layer test pad conducted by the author also 
indicated clogging issues with bottom ash.  In the graphs below (See Figure 4), the 
North Cell blue line represented the plant’s bottom ash.   

                                                 
 



Figure 4: Geocomposite test pad results 
 
 

 
 
The low pH, low flow, high conductivity and high Total Suspended Solids (TSS) evident 
in the data may be a result of “ochre” (iron sulfate precipitate) formation as a result of 
pyrites contained in the bottom ash, as evidenced by the photographs below (See 
Figure 5).  It is therefore suggested that pyrites be segregated from any bottom ash that 
is proposed to be placed as part of a leachate collection system.   
 

Figure 5 Pyrites contained in bottom ash 
 

    
 



 
TURBULENT FLOW ISSUES 
 
Many designs incorporate the use of sand or CCR as a drainage layer, ballast layer, 
protective cover layer, and/or filtration layer.  However, if left exposed to precipitation 
over a period of time, this can lead to significant erosion, particularly on steep slopes, as 
illustrated in the Figure 6 below: 
 

Figure 6 Erosion due to precipitation causing steep slopes 
 

 
 
The same is true for CCR used for these purposes, as seen in the photographs (See 
Figure 7)of migrating gypsum below: 
 

Figure 7 Examples of Gypsum migrating 

     
 



In addition, aggregate and some sands may contain high levels of calcium carbonate, 
and potentially interact with CCR, particularly pyrites under reduced conditions.  
Washed river gravel represents a good option for the drainage layer, but can be cost 
prohibitive at some sites. Geocomposite or a sand covered by a geotextile are common 
practices, so long as friction testing and HCR testing demonstrate their compatibility 
with the geomembrane and the site’s CCR.  Ultraviolet (UV) degradation can be a 
concern if the exposed geotextile is left exposed for a prolonged period of time.  This is 
a particular concern on steep slopes, as degraded geotextile can develop some 
degradation of its interface friction capacity.  A sacrificial geotextile or “rain cover” 
(scrim-reinforced PVC) may be temporarily utilized to protect the filter geotextile (often 
the top layer in a geocomposite).  Carbon-black enhanced products are also available to 
provide superior UV resistance. 
 
 
IMPACT ON TRANSMISSIVITY BY GEOCOMPOSITE IMPINGEMENT 
 
CCR weighs more than MSW:  100 meters of fill represents a confining pressure of 
nearly 1,500 kilopascals.  Accounting for this impingement (creep) can require tri-planar 
geocomposite, particularly if there is a need to facilitate possible future expansion of the 
CCR landfill.  It’s not just a question of flow capacity.  At certain pressures, the ribs can 
collapse.  This is when round-strand geocomposite is required. 
 
Accelerated compressive creep testing is performed using ASTM D7361-07 (2012) 10  
The 10,000-hour test can be used to determine the creep reduction factor for specific 
geocomposite products.  Results for one such product are summarized in the Table 3 
below:   
 
Table 3 Compressive Creep Reduction Factor at 20 ⁰C 

 
 
This test is not typically done for specific projects.  However, on every project, 100-hour 
tests should be run on geocomposite at the worst-case design pressure and gradient 
prior to shipping, to insure the transmissivity is adequate to maintain the 30 cm 
maximum head required by the Rule.  Manufacturer index tests do not suffice, since 
they are run at 478 kilopascals and a 0.1 gradient for a period of just 15 minutes.  
Sometimes the test must be run at multiple combinations of gradient and normal load at 
different points along the liner configuration, to determine which represents the worst-
case (i.e. lowest transmissivity).   

                                                 
 



 
GRI GC-8 provides good information regarding geocomposite testing.11  100 hour 
testing is necessary to account for geotextile intrusion.  Geotextile intrusion into the 
geonet drainage layer is typically negligible after 100 hrs.  Index tests can be used once 
a product has been selected through 100 hour performance transmissivity testing (See 
Figure 8). 
 

Figure 8 Thickness reduction with time 
 

 
 
INTERFACE FRICTION ISSUES 
 
To evaluate the static stability of the veneer liner system to determine the minimum 
required interface friction angle for all engineered components of the liner system 
involves a statics calculation balancing the forces as shown in the Figure 9 below and 
the required factor of safety (FS), then solving for minimum interface shear strength 
parameters, as confirmed by laboratory testing of the various materials. 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                 
 



Figure 9 Statics forces balancing of liner system 
 

 
 
The calculation and laboratory testing should be applied at various stages of the landfill 
life, to determine the worst-case loading conditions. 
 
 
Some consultants believe it is conservative to send a sample of geomembrane from the 
roll with the lowest measured asperity height to the laboratory for interface friction 
testing.  That is a sound guideline.  However if specified strictly, this can represent a 
pitfall due to the standard deviation and data scatter typical for the measurement of 
asperity height.  The third party laboratory’s confirmation measurement on the sample 
sent for friction testing (as required by the ASTM method) could wind up indicating a 
higher asperity height than some of the rolls used on the project.  However, significant 
asperity and pattern variation is possible with blown film geomembranes. Also, asperity 
height isn’t directly proportional to interface shear strength.  Based on previous industry 
testing, up to 80 percent of interface shear strength occurs with the first 16 mil of 
asperity. Increasing asperity to 20 mils provides approximately 90 percent of the 
maximum interface shear strength. 12   Additional increases in asperity height provide 
incrementally less increase in shear strength.  The asperity height can actually reach a 
point where the interface shear strength decreases because the asperities become 
weak.)  A plot of textured geomembrane interface shear strength against a non-woven 
geotextile is shown in the Figure 10 below: 

 
 
 
 
 
 

                                                 
 



Figure 10 A plot of textured geomembrane interface shear strength against a non-
woven geotextile 
 

 
 

Please note that the primary function of a bottom layer of geotextile in a geocomposite 
is to provide interface shear strength.  In addition to interface shear strength on both 
sides, double-sided textured geomembrane is typically used because the cost is 
approximately the same as single-sided.  Due to lack of order volume for single-sided, 
the cost can actually be higher due to cost to changing a production line over to another 
product type.  Also, one-sided texturing can lead to asymmetrical strains in a 
geomembrane that is not designed properly to pull out of its anchor trench, which can 
result in rupture, as illustrated at this non-CCR landfill (See Figure 11):  
 
Figure 11 Improper designed geomembrane pulling out of its anchor trench   
 

 
 



GEOCOMPOSITE WATER RELEASE 
 
As pointed out by the Geosynthetic Institute in both a technical presentation 13 and in 
GRI Guide GN-2 and GC1314, it is critical to “daylight” the geocomposite drainage layer 
in a cap with a toe drain around the entire perimeter to prevent the buildup of 
hydrostatic pressure, which can lead to uplift and slope failure.  This is not a landfill liner 
issue, but is a pitfall related to closure cap design for both ponds and landfills.  A typical 
release drain design is shown in Figure 12 below: 
 

Figure 12 A typical release drain design 
 

 
 
 
CLOSING 
 
To help ensure that the liner and leachate collection system of a landfill is designed and 
constructed to perform long term in a manner that satisfies the CCR Rule, there are 
many pitfalls to avoid.  Laboratory compatibility testing of site specific material is 
essential. While multiple methods exist for evaluating compatibility of LCS components 
within the laboratory, the HCR test is typically found to be the most appropriate. The 
hydraulic conductivity of a CCR / filter system can vary over several orders of 
magnitude. The flow and time dependent performance of these systems can be 
evaluated via HCR testing. CCR properties can vary significantly from station to station 
based on the type of boiler, type of coal burned, and nature of the scrubber and other 
Air Pollution Control (APC) features (SCR, trona, etc.)  Therefore, if GCL is proposed as 
part of an alternative composite liner design, it should be tested with site-specific CCR 
to quantify the impact of cation exchange.  Incorporating a geocomposite drainage layer 
into the design can help insure the ability to demonstrate technical equivalence of a 
GCL when using Darcy’s Law, as required by the CCR Rule. Sand and CCR deployed 
over landfill liner may be subject to erosion during precipitation.  For this reason, 
specialized geocomposite and/or geotextile may be incorporated into the design of the 
leachate collection system.  These components of an alternative composite liner system 
in turn carry their own implications for impingement, friction and hydraulic conductivity 
testing, in addition to the normal pitfalls associated with the use of geosynthetics in 
landfill liner, such as the potential for ultraviolet (UV) degradation of exposed geotextile.  
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