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CHEMICAL COMPATIBILITY OF GCLs WITH COAL 
COMBUSTION RESIDUALS (CCRs) 

 
INTRODUCTION 
 In the wake of the coal ash impoundment failure near Kingston, Tennessee in December 
2008, there has been increased attention given to containment systems for coal combustion 
residuals (CCRs).  In June 2010, the USEPA proposed new rules requiring composite liner 
systems (geomembrane liners placed over a layer of compacted clay soil) for CCR disposal 
facilities.  A common composite liner design involves the use of a geosynthetic clay liner (GCL) 
underneath the geomembrane, in place of the compacted clay layer.  A question that arises 
related to GCLs in CCR applications is chemical compatibility.  Liquids containing high levels of 
dissolved calcium or magnesium, or those with high ionic strength, can reduce the amount of 
bentonite swelling, resulting in increased GCL hydraulic conductivity.  Before CCR chemistry 
and compatibility with GCLs can be addressed, a review of the types of CCRs is necessary. 
 
 CCRs are generated during power generation processes, and can include fly ash, bottom 
ash, boiler slag, and flue gas desulfurization (FGD) residuals.  Fly ash is a very fine, non-
combustible residue carried in stack gases from boiler units and collected by flue gas cleaning 
equipment.  Bottom ash and boiler slag are heavier ash particles that cannot be carried by the 
gas, and fall to the bottom of the boiler.  FGD residual is produced in flue gas scrubbers as part 
of the process that removes sulfur dioxide (SO2) from stack gases.  FGD systems can be either 
“wet” or “dry”.  In wet FGD systems, which are by far the most common in large, coal-fired utility 
boilers, slurried limestone or lime added downstream of the particulate removal device reacts 
with the gaseous SO2 to produce calcium sulfite (CaSO3).  Many wet scrubber systems include 
a forced oxidation step that converts the calcium sulfite to calcium sulfate (CaSO4).  Because 
the sulfate material is in an aqueous slurry, it forms the hydrate, CaSO4 · 2H2O (gypsum).  Dry 
FGD systems are installed upstream of the particulate removal device, and produce a mixture of 
reaction products (CaSO3 and CaSO4), along with fly ash and the unreacted sorbent, lime.  
These different CCRs are either managed separately, or more commonly, are mixed together 
and co-managed. 
 
EPRI CCR LEACHATE DATABASE 
 An excellent reference on CCR leachate characteristics is available from the Electric 
Power Research Institute (EPRI), in a report from 2006 entitled, “Characterization of Field 
Leachates at Coal Combustion Product Management Sites.”  As part of this study, researchers 
analyzed field leachate samples collected from 33 different coal combustion management 
facilities in 15 states.  The sites were located primarily in the Eastern and Midwestern US, 
where coal-fired power plants predominate.  The objective of the study was to evaluate leachate 
samples associated with a range of coal types, combustion systems, and management 
methods.  The study found that the chemical constituents in a given CCR waste stream and 
their leachability can vary by coal type and combustion/collection process.  Major constituents 
included sulfates, calcium, magnesium, and sodium.  CCR leachates associated with 
subbituminous and lignite coals tend to be sodium-rich, and have higher ionic strength 
compared with leachates associated with bituminous coal.  Concentrations of most constituents 
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are generally highest in FGD leachate, then in ash landfill leachate, and then in ash 
impoundment samples.  In general, most CCR leachates are moderately to strongly alkaline 
regardless of coal type or process. 
 
CHEMICAL COMPATIBILITY ASSESSMENT 

The topic of GCL chemical compatibility has been the subject of much study in recent 
years, with several important references available in the literature.  One of these references, 
Kolstad et al (2004/2006) from the University of Wisconsin at Madison (see TR-254), presents a 
model that conservatively estimates the hydraulic conductivity of a GCL when it is permeated 
with an inorganic leachate.  Two key leachate characteristics are the ionic strength and the ratio 
of monovalent-to-divalent cations (RMD).  Using this tool, a chemical compatibility evaluation 
was performed using the major cation concentrations (calcium, magnesium, sodium, and  
potassium) in the EPRI (2006) report.  This evaluation is presented in Table 1, and summarized 
below: 
 

 Overall Database.  The overall database (77 samples) showed a wide range of ionic 
strength and RMD values, resulting in a wide range of predicted GCL hydraulic 
conductivity values, between 1.8 x 10-10 and 3.1 x 10-6 cm/s, with a geometric mean 
value of 2.8 x 10-9 cm/s.  However, the highest hydraulic conductivity and ionic strength 
values were associated with one specific FGD site, as discussed below.  Over 96% of 
the samples corresponded to expected hydraulic conductivity values less than 10-7 cm/s, 
and over 90% of the samples corresponded to expected GCL hydraulic conductivity 
values less than 10-8 cm/s. 

 Fly Ash.  Fly ash leachates (39 samples) showed low ionic strength (< 0.2 M), resulting 
in relatively low predicted GCL hydraulic conductivity values, between 1.8 x 10-10 and 8.3 
x 10-9 cm/s, with a geometric mean of 2.5 x 10-9 cm/s. 

 Fly Ash/Bottom Ash Mixtures.  Fly ash/bottom ash leachates (24 samples) also 
showed low ionic strength (< 0.2 M), resulting in predicted GCL hydraulic conductivity 
values between 4.5 x 10-10 and 5.3 x 10-9 cm/sec.  The geometric mean value was 2.4  x 
10-9 cm/s. 

 FGD Waste.  Flue gas desulfurization (FGD) leachates (5 samples) showed the highest 
ionic strengths (up to 0.42 M) and the highest magnesium and sodium concentrations 
(approximately 5,000 mg/L), resulting in predicted GCL hydraulic conductivity values 
between 6.1 x 10-9 and 3.1 x 10-6 cm/s.  The geometric mean value was 5.3  x 10-8 cm/s.  
The highest hydraulic conductivity value was associated with a leachate sample 
collected from an FGD impoundment where sluice water was recirculated, resulting in a 
highly concentrated leachate. 

 FGD/Fly Ash/Bottom Ash Mixtures.  Facilities with blends of FGD waste and ash (8 
samples), showed much lower ionic strengths (<0.13 M) than FGD waste alone, 
resulting in predicted GCL hydraulic conductivity values between 3.4 x 10-9 and 1.2 x 10-

8 cm/s.  The geometric mean value was 8.7 x 10-9 cm/s. 
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Please note that another site-specific consideration is confining pressure.  The hydraulic 
conductivity values predicted above assume a confining pressure of 2.9 psi (representing less 
than 5 feet of waste or soil cover).  Certain applications, such as landfill bottom liners and heap 
leach pads, involve up to several hundred feet of waste, resulting in high compressive loads on 
the liner systems.  Petrov et al (1997) showed that higher confining pressures will decrease 
bentonite porosity, and tend to decrease GCL permeability.  TR-321 shows that higher confining 
pressures will improve hydraulic conductivity even when the GCL is permeated with aggressive 
calcium (5,000 mg/L) solutions. 
 
COMPARISON WITH PAST CHEMICAL COMPATIBILITY RESULTS 

The GCL hydraulic conductivity values predicted by the Kolstad model appear to be 
consistent with past laboratory testing results.  Attachment A is a report by RMT, Inc., titled 
“Hydraulic Conductivity Compatibility Testing of Geosynthetic Clay Liner and Ash Leachate”.  
Eight hydraulic conductivity tests were performed under four different hydration conditions to 
model potential field conditions.  Leachate was derived from a Western fly ash which was 
chosen as the most conservative ash due to its high calcium content.  The final hydraulic 
conductivity of the GCLs ranged from 5 x 10-10 to 1 x 10-9 cm/s, on the same order of magnitude 
as the Kolstad predictions for fly ash leachates. 
  
COMPARISON OF CCR LEACHATE WITH MSW LANDFILL LEACHATE 

The University of Wisconsin at Madison prepared a comparison of the CCR leachate 
data in the EPRI report to a large database of leachate concentrations from various municipal 
solid waste (MSW) landfills (see graph in Attachment B).  A comparison of the CCR and MSW 
leachate chemistry indicates that CCR leachate is typically equivalent to or weaker than MSW 
landfill leachate, which has already been demonstrated to be compatible with GCLs (see TR-
254 and TR-316). 
 
CONCLUSIONS 
 A review of a large database (77 samples) of CCR leachate chemistry from 33 different 
sites shows that CCR leachate is generally compatible with GCLs.  Over 96% of the samples in 
the database corresponded to expected hydraulic conductivity values less than 10-7 cm/s, and 
more than 90% of the samples corresponded to expected GCL hydraulic conductivity values 
less than 10-8 cm/s.  Several GCL compatibility tests performed with fly ash leachates by RMT, 
Inc. confirmed low long-term hydraulic conductivity values, consistent with predicted values.  
Additionally, a comparison of CCR leachate and MSW leachate indicates that CCR leachate is 
typically equivalent to or weaker than MSW landfill leachate, which has already been 
demonstrated to be compatible with GCLs. 
 
 Some FGD leachates, specifically those where sluice water is recirculated to produce 
highly concentrated solutions, may pose GCL compatibility issues, and should be evaluated 
further during the project design stage.  As discussed in TR-345, CETCO follows a tiered 
approach for chemical compatibility testing.  Tier I consists of a simple review of existing 
analytical data, followed by Tier II bentonite screening tests (ASTM D6141) and Tier III long-
term hydraulic conductivity tests (ASTM D6766).  If a particular site leachate is found to pose 
compatibility problems with standard bentonite, CETCO can identify possible polymer 
amendments for further evaluation.  Polymer-amended bentonites have been successfully used 
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on selected past projects involving aggressive waste streams.  Please contact CETCO 
Technical Services  for additional information. 
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ATTACHMENT A 

HYDRAULIC CONDUCTIVITY COMPATIBILITY TESTING OF 
GEOSYNTHETIC CLAY LINER AND ASH LEACHATE  (RMT) 
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ATTACHMENT B 

COMPARISON OF CCR LEACHATE (EPRI, 2006) WITH MUNICIPAL 
SOLID WASTE LANDFILL LEACHATE (UNIVERSITY OF WISCONSIN AT 

MADISON) 
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