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Project Job No. 

Spruce Plant Drains Project 60566130 

Client Department/Discipline 

CPS Energy Civil 
Software Name 

Calculation 
Rev. No. 

Originator Self Check 
(name and signature) 

Reviewer/Checker 
(name and signature) 

Independent Peer 
Reviewer 

(if used/required) 
(name & signature) 

Approver 
(name & signature) 

0 Sandy Gourlay Chris Wigginton Todd Ringsmuth 

Add rows as required 

Calculation Objective: 
Demonstrate that the 60-mil HDPE and GCL bottom liner of the Spruce Plant Drains 
Pond (PDP) satisfies the requirements of 30 TAC §352.721 “Liner Design Criteria for 
New and Lateral Expansions of Coal Combustion Residuals Surface Impoundments”. 

30 TAC §352.721 adopts by reference 40 Code of Federal Regulations §257.72 (Liner 
design criteria for new CCR surface impoundments and any lateral expansion of a 
CCR surface impoundment) as amended through the April 17, 2015, issue of the 
Federal Register (80 FR 21301). 40 CFR Part 257 is referenced as “the CCR Rule.” 

Calculation Methodology: 
Describe how the design satisfies all relevant requirements of the CCR Rule. 

Use published references and site-specific laboratory test data to demonstrate 
compatibility of HDPE and GCL liner materials with Coal Combustion Residual (CCR) 
waste materials. 

Use Darcy’s Law to demonstrate that discharge through the GCL is less than or equal 
to discharge through a prescriptive compacted clay liner. 

References / Inputs/ Field Data: 
See calculations 

Assumptions: (Include comments on need to revise calculations after more data is collected/confirmed and/or after 
assumptions have been verified.) 

See calculations 

Conclusions including confirmations to be obtained: 
See calculations 

This calculation is complete and ready for Discipline Review: 

Alexander W Gourlay 09/08/2023 
Originator Name Signature Date 
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 Background 
 
CPS Energy owns and operates the Calaveras Power Station that includes Units 1 & 2  of the J.K. 
Spruce Power Plant (Spruce).  The Spruce plant produces low volume waste (LVW) and Flue Gas 
Desulfurization (FGD) system wastewater which are comingled in the Spruce Sludge Recycle 
Holding (SRH) Pond.  The solids in the FGD waste stream are classified a coal combustion residual 
(CCR) and as such are regulated by Title 40, Code of Federal Regulations, Part 257 (40 CFR §257) 
Subpart D, otherwise known as the Coal Combustion Residual (CCR) Rule. 
 
Pursuant to the Resource Conservation and Recovery Act (RCRA), the Environmental Protection 
Agency (EPA) approved, to be effective July 28, 2021, the Texas Commission on Environmental 
Quality's partial State Coal Combustion Residuals (CCR) Permit Program, which now operates in 
lieu of the Federal CCR program, with the exception of certain provisions for which the State did not 
seek approval. EPA has determined that the Texas partial CCR permit program meets the standard for 
approval under RCRA. Facilities operating under the State's program requirements and resulting 
permit provisions are also subject to EPA's information gathering and inspection and enforcement 
authorities under RCRA and other applicable statutory and regulatory provisions. 
 
Objective 
 
Demonstrate that the 60-mil HDPE and GCL bottom liner of the Spruce Plant Drains Pond (PDP) 
satisfies the requirements of 30 TAC §352.721 “Liner Design Criteria for New and Lateral 
Expansions of Coal Combustion Residuals Surface Impoundments”.  
 
30 TAC §352.721 adopts by reference 40 Code of Federal Regulations (CFR) §257.72 (Liner design 
criteria for new CCR surface impoundments and any lateral expansion of a CCR surface 
impoundment) as amended through the April 17, 2015, issue of the Federal Register (80 FR 21301). 
 
30 Texas Administrative Code (TAC) §352.721 
 
30 TAC §352.721 “Liner Design Criteria for New and Lateral Expansions of Coal Combustion 
Residuals Surface Impoundments” states the following: 
 

The commission adopts by reference 40 Code of Federal Regulations §257.72 (Liner design criteria for new CCR 
surface impoundments and any lateral expansion of a CCR surface impoundment) as amended through the April 17, 
2015, issue of the Federal Register (80 FR 21301). 

 
Therefore, the only requirement of 30 TAC §352.721 is to satisfy 40 Code of Federal Regulations 
(CFR) §257.72 and any Sections of 40 CFR §257 incorporated by reference. 
 
40 CFR §257.72 
 
40 CFR §257.72 “Liner design criteria for new CCR surface impoundments and any lateral 
expansion of a CCR surface impoundment” states the following: 
 

§257.72(a) New CCR surface impoundments and lateral expansions of existing and new CCR surface 
impoundments must be designed, constructed, operated, and maintained with either a composite liner or an 
alternative composite liner that meets the requirements of §257.70(b) or (c). 
 
§257.72(b) Any liner specified in this section must be installed to cover all surrounding earth likely to be in contact 
with CCR. Dikes shall not be constructed on top of the composite liner. 
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§257.72(c) Prior to construction of the CCR surface impoundment or any lateral expansion of a CCR surface 
impoundment, the owner or operator must obtain certification from a qualified professional engineer that the design 
of the composite liner or, if applicable, the design of an alternative composite liner complies with the requirements 
of this section. 
 
§257.72(d) Upon completion, the owner or operator must obtain certification from a qualified professional engineer 
that the composite liner or if applicable, the alternative composite liner has been constructed in accordance with 
the requirements of this section. 
 
§257.72(e) The owner or operator of the CCR unit must comply with the recordkeeping requirements specified in 
§257.105(f), the notification requirements specified in §257.106(f), and the Internet requirements specified in 
§257.107(f). 

 
Satisfaction of §257.72(a)  
 

§257.72(a) New CCR surface impoundments and lateral expansions of existing and new CCR surface 
impoundments must be designed, constructed, operated, and maintained with either a composite liner or an 
alternative composite liner that meets the requirements of § 257.70(b) or (c). 

 
The Spruce PDP is constructed with an alternative composite liner that, therefore, must meet the 
requirements of §257.70(c). Additional related requirements are presented in §257.70(b).  Due to the 
required detail of these demonstrations, they are presented in subsequent, stand-alone sections of this 
Calculation under the headings of “§257.70(b) Composite Liner Requirements” and “§257.70(c) 
Alternative Composite Liner Requirements”. 
 
Satisfaction of §257.72(b) 
 

§257.72(b) Any liner specified in this section must be installed to cover all surrounding earth likely to be in contact 
with CCR. Dikes shall not be constructed on top of the composite liner. 

 
The alternative composite liner covers the entire surface impoundment surface and extends beyond 
the top of the embankments into an anchor trench; the liner covers all surrounding earth likely to be 
in contact with CCR.   
 
The height of the pond embankments allows for 2 feet of freeboard above the maximum normal 
operating level.  
 
No portion of any dike is constructed on top of the composite liner. 
 
Satisfaction of §257.72(c) 
 

§257.72(c) Prior to construction of the CCR surface impoundment or any lateral expansion of a CCR surface 
impoundment, the owner or operator must obtain certification from a qualified professional engineer that the design 
of the composite liner or, if applicable, the design of an alternative composite liner complies with the requirements 
of this section. 

 
This calculation has been prepared to provide additional detail in support of an updated certification 
that the design of an alternative composite liner complies with the requirements of this section 
(§257.72). An earlier version of this certification was certified by a qualified professional engineer 
on June 28, 2022.  
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Satisfaction of §257.72(d) 
 

§257.72(d) Upon completion, the owner or operator must obtain certification from a qualified professional engineer 
that the composite liner or if applicable, the alternative composite liner has been constructed in accordance with 
the requirements of this section. 

 
This document includes the required certification from a qualified professional engineer that the 
alternative composite liner has been constructed in accordance with the requirements of this section 
(§257.72). 
 
Satisfaction of §257.72(e) 
 

§257.72(e) The owner or operator of the CCR unit must comply with the recordkeeping requirements specified in 
§257.105(f), the notification requirements specified in §257.106(f), and the Internet requirements specified in 
§257.107(f). 

 
CPS Energy acknowledges these requirements. 
 
§257.70(b) Composite Liner Requirements 
 
40 CFR §257.70(b) Composite Liner states the following: 
 

§257.70(b) A composite liner must consist of two components; the upper component consisting of, at a minimum, a 
30-mil geomembrane liner (GM), and the lower component consisting of at least a two-foot layer of compacted soil 
with a hydraulic conductivity of no more than 1 × 10−7 centimeters per second (cm/sec). GM components 
consisting of high density polyethylene (HDPE) must be at least 60-mil thick. The GM or upper liner component 
must be installed in direct and uniform contact with the compacted soil or lower liner component. The composite 
liner must be: 
 

(1) 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 hydrogeologic 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; 
 
(2) 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; 
 
(3) Placed upon a foundation or base capable of providing support to the liner and resistance to pressure 
gradients above and below the liner to prevent failure of the liner due to settlement, compression, or uplift; 
and 
 
(4) Installed to cover all surrounding earth likely to be in contact with the CCR or leachate. 

 
Satisfaction of §257.70(b) 
 

§257.70(b) A composite liner must consist of two components; the upper component consisting of, at a minimum, a 
30-mil geomembrane liner (GM), and the lower component consisting of at least a two-foot layer of compacted soil 
with a hydraulic conductivity of no more than 1 × 10−7 centimeters per second (cm/sec). GM components 
consisting of high density polyethylene (HDPE) must be at least 60-mil thick. The GM or upper liner component 
must be installed in direct and uniform contact with the compacted soil or lower liner component. 
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The upper component of the composite liner is a 60-mil thickness of HDPE geomembrane. The 
lower component of the composite liner is a needle-punched geosynthetic clay liner (GCL). The 
equivalency of the GCL to a two-foot thickness of compacted soil with a hydraulic conductivity of 1 
× 10−7 cm/sec is demonstrated in a subsequent section of this Calculation under the heading 
“Satisfaction of §257.70(c)(2)”. 
 
Relative to the requirement for installation of the geomembrane “in direct and uniform contact with 
the compacted soil or lower liner component”, the installation sequence was: 
 

1. The soil subgrade was scarified, compacted, proof-rolled, and the soil density and moisture 
content were verified to comply with the project specifications.  

2. The GCL was laid, in accordance with the project specifications, on the prepared soil 
subgrade. Due to self-weight, the GCL lies flat and in direct and uniform contact with the soil 
subgrade. 

3. The 60-mil HDPE geomembrane was installed on top of the GCL. Standard installation 
procedures were used and documented by QA observations to minimize the occurrence of 
wrinkles in the welded HDPE geomembrane.   

4. The HDPE geomembrane was then covered by a 12-inch-thick layer of sand that was pushed 
out by skid steer operating on the sand layer. The sand spreading operation was performed in 
a manner and at a time of day that pushed out wrinkles and allowed them to relax overnight. 

5. The sand was then covered by six inches of reinforced concrete to serve as a working surface 
for muck out of solids from the impoundment. 

The weight of the sand and reinforced concrete ensures that the geomembrane should remain in 
direct and uniform contact with the GCL that is the lower component of the composite liner. 
Similarly, the GCL should remain in direct and uniform contact with the compacted soil subgrade. 
 
Satisfaction of §257.70(b)(1) 
 

The composite liner must be: 
 

(1) 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 hydrogeologic 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; 

 
This demonstration presents the requirement in italics and the demonstration in plain text.  
 

The composite liner must be 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 hydrogeologic forces)” 

Static Head - The maximum normal operating hydraulic head that can act on the 
composite liner is 7.5 feet (calculated as “dike crest El. 515.0 ft” minus “2.0 ft 
freeboard” minus “Pond Low End El. 507.0 ft” plus “1.5-ft thickness of protective sand 
and reinforced concrete”). The compacted soil subgrade of the Spruce PDP provides a 
firm support and containment of the composite liner to resist seepage forces from the 
static head.  
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The maximum normal operating hydraulic head for the Spruce PDP is well within the 
operational range of both the HDPE and the GCL components. The two components are 
commonly used to contain ponded fluids in industrial surface impoundments and, if 
constructed in accordance with manufacturers’ recommendation and industry standards, 
have sufficient strength and thickness to prevent failure due to static head pressure 
gradients. 

 
External Hydrogeologic Forces – Representative groundwater elevations in the vicinity 
of the site are reported to be consistently at, or slightly above, the level of the adjacent 
Calaveras Lake at approximately El. 486 feet (Raba Kistner, Inc., “Geotechnical 
Engineering Study for J.K. Spruce –Calaveras Lake Power Plant, Proposed New Coal 
Combustion Residual Ponds, San Antonio, Texas,” ASA17-096-00, February 5, 2019). 
The pond bottom, El. 507 feet, is approximately 21 feet above the static groundwater 
elevation.  
 
The pond liner is constrained by the dead weight pressure (approximately 170 psf) of 
the overlying sand and reinforced concrete layers. There are no adjacent stormwater 
retention basins. There is not a credible mechanism within the planned life of the 
Spruce PDP for sufficient ground or other subsurface water to be sufficiently close and 
for a sufficient period of time to apply seepage (hydrogeological) force on the 
composite liner of the Spruce PDP. 

 
“physical contact with the CCR or leachate to which they are exposed,” 

 
HDPE – HDPE is commonly used in CCR containment applications and is recognized 
to be chemically compatible with CCR. See, for example, Electric Power Research 
Institute (EPRI), “State-of-the-Practice Liners and Caps for Coal Combustion Product 
Management Facilities”, October, 2012), which is presented in Attachment A, HDPE 
Compatibility with CCR. 
  
The CCR leachate expected for the Spruce PDP  has pH = 6.09 (“slightly acidic”), as 
measured during testing for compatibility with candidate GCL liners (see CETCO, 
“CPS - FGD Brine Pond Composite Liner, Summary of Findings for Hydraulic 
Conductivity Testing of GCLS for Application Compatibility”, August 16, 2021, which 
is presented in Attachment B, GCL Submittals) and HDPE is compatible with slightly 
acidic and alkali solutions. The HDPE has appropriate chemical properties to prevent 
failure due to physical contact with CCR leachate. 

 
Geosynthetic Clay Liner – CPS commissioned compatibility testing of various GCL 
products by CETCO, a manufacturer and distributor of a range of GCL products. 
CETCO used long-term hydraulic conductivity testing to identify a polymer-amended 
product (Resistex 200FLW-9) that resisted degradation of hydraulic conductivity under 
long-term exposure to representative CCR leachate for the Spruce PDP.  
 
The CETCO report (see CETCO, “CPS - FGD Brine Pond Composite Liner, Summary 
of Findings for Hydraulic Conductivity Testing of GCLS for Application 
Compatibility”, August 16, 2021, which is presented in Attachment B, GCL Submittals) 
reported a permeability (hydraulic conductivity) for the Resistex® 200, using site 
leachate, of 7.59 x 10-10 cm/sec after 858.2 hours and 3.2 pore volumes of testing.  
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Since the measured value for site-specific leachate is lower than the equivalent value 
for deionized water published on the Technical Data Sheet value for Resistex 200FLW-
9, the selected GCL can be understood to have appropriate chemical properties to 
prevent failure due to physical contact with CCR leachate. 

 
climatic conditions, 

 
San Antonio Climatic Conditions – The climate of San Antonio is considered to be sub-
tropical, with mild winters and warm, humid summers. The composite liner of the 
Spruce PDP is protected from ultraviolet radiation and isolated from thermal extremes 
by the overlying 12 inches of sand and 6 inches of reinforced concrete. The components 
of the composite liner have the appropriate chemical and physical properties to be 
compatible with the climatic conditions of San Antonio, Texas. 

 
the stress of installation, and 

 
Stress of Installation – The preceding demonstration with heading “Satisfaction of 
§257.70(b)” presents a description of the installation sequence and procedures for the 
components of the composite liner of the Spruce PDP. The methods of construction 
utilized by the Contractor and documented by the Construction Quality Assurance team 
assure that the integrities of the composite liner components are not compromised by 
the stresses of installation. 

 
the stress of daily operation 

 
Stress of Daily Operation – The Spruce PDP is intended to be filled with CCR 
containing a significant percentage of solids that, after dewatering, must be removed 
using heavy equipment to the site CCR landfill. CPS has operated a very similar 
facility, the SRH Pond, at the same facility for many years and has satisfactory 
experience with the performance of that facility its concrete working surface under 
many years of daily operations.  
 
The composite liner components of the Spruce PDP are protected by an overlying 12-
inch sand layer and 6-inch reinforced concrete working surface. The subgrade and sand 
layer have been compacted to provide a firm and unyielding subgrade for the concrete 
paving. The integrities of the composite liner components should not be compromised 
by the stresses of daily operation. 

 
Satisfaction of §257.70(b)(2) 
 

The composite liner must be: 
 

(2) 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; 

 
Shear Resistance – The upper component of the composite liner is a textured (both 
sides) HDPE geomembrane. The lower component is a needle-punched geosynthetic 
clay liner with upper and lower surfaces composed of non-woven, needle-punched 
geotextiles. The inside side slopes of the Spruce PDP are 3.5(H):1(V).  
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A commonly used geosynthetics design engineering reference book, “Designing with 
Geosynthetics, Vol. 2, 6th Edition”, Robert M. Koerner, Xlibris Corporation, 2012, 
provides typical interface friction values for various geosynthetic interfaces. Table 5.6 
(b) “Geomembrane-to-Geotextile Friction Angles” lists a value of 32 degrees for 
textured HDPE against nonwoven, needle-punched geotextile. 
 
The “Infinite Slope” method is a simple slope stability calculation for factor of safety 
against sliding on a planar surface. For a failure surface for which the strength to resist 
sliding is solely frictional (i.e. no cohesion term), the equations become independent of 
overburden load/pressure, which would increase both the sliding force and the resisting 
force (by increasing interface friction). The infinite slope calculation does not 
incorporate any restraint provided by the liner anchor trench at the top of slope, which 
is a relatively significant contribution in this case due to the short height (9 feet) of the 
internal slopes. The infinite slope calculation provides a conservative representation of 
the resistance to interface sliding of the liner components: 
 

Infinite Slope Factor of Safety (c = 0) 
 
FS = (Tan phi) / (Tan beta), 
 

Where: Phi = interface friction angle, 32 degrees in this case 
   Beta = angle of planar surface, 15.95 degrees for 3.5:1 slope 
 
For the Spruce PDP internal slide slopes,  
 
FS  = (Tan 32.0 degrees) / (Tan 15.95 degrees) 

  = 0.62 / 0.29  
  = 2.19 

 
Though not explicitly required by the CCR Rule, a similar calculation may be 
performed to evaluate the stability of the GCL on the compacted soil subgrade. For an 
assumed interface friction of phi = 20 degrees against silty sand (note, Koerner (2012) 
reports interface friction angles for non-woven, needle-punched geotextile against 
concrete sand and mica schist sand as 30 and 26 degrees, respectively), the 
corresponding Factor of Safety against sliding is 1.27.  

 
The composite liner of the Spruce PDP is constructed of materials that provide appropriate 
shear resistance of the upper and lower component interface to prevent sliding of the upper 
component on slopes. 

 
Satisfaction of §257.70(b)(3) 
 

The composite liner must be: 
 

(3) Placed upon a foundation or base capable of providing support to the liner and resistance to pressure 
gradients above and below the liner to prevent failure of the liner due to settlement, compression, or uplift; 
and 

Foundation of Liner – The subsurface conditions and engineering characteristics of 
soils at the proposed site for the Spruce PDP were investigated by Raba Kistner, Inc. 
(RKI), a geotechnical engineering consultant with specific local geotechnical 
engineering experience in the San Antonio area and the Calaveras/Spruce Plant site.  
RKI published a an original and a supplemental Geotechnical Engineering Report for 
the Spruce PDP project: 
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1. “Geotechnical Engineering Study for J.K. Spruce –Calaveras Lake Power Plant, Proposed New 

Coal Combustion Residual Ponds, San Antonio, Texas,” Project No. ASA17-096-00, February 5, 
2019, Raba Kistner, Inc. 

2. “Supplemental Geotechnical Engineering Letter, J.K. Spruce - Calaveras Lake Power Plant, 
Proposed Two New Coal Combustion Residual Containment Ponds, San Antonio, Texas,” Project 
No. ASA17-096-01, May 27, 2022, Raba Kistner, Inc. 

The second report contains geotechnical recommendations specific to the soils likely to 
be encountered at the revised, shallower elevation of the pond bottom. The project 
specifications, specifically Section 31 23 00 “Excavation and Fill”, and the RKI 
geotechnical recommendations were used in tandem to assure that the foundation for 
the ponds and the perimeter dikes was prepared to provide a firm and unyielding 
support for construction and future operational loads.  

RKI (2019) and RKI (2022) did not identify any deep-seated soil conditions that could 
allow instability of or settlement or compression of the proposed pond dikes or liner 
system. 

RKI (2022) assessed the site for the potential for expansive soil-related movements and 
estimated possible movements on the order of one inch or less. No soils with possible 
expansive characteristics were identified during excavation.  

Any other unsuitable soils were removed and replaced with compacted fill. The 
excavated subgrade was scarified, compacted, tested, and proof-rolled, and accepted by 
the Quality Assurance Engineer  to verify and absence of conditions that might allow 
settlement, compression, or uplift of the liner system. 

With regard to “uplift” on the liner system, the preceding Section “Satisfaction of 
§257.70(b)(1)” describes that “(t)here is not a credible mechanism within the planned 
life of the Spruce PDP for sufficient ground or other subsurface water to be sufficiently 
close and for a sufficient period of time to apply seepage (hydrogeological) force on the 
composite liner of the Spruce PDP.” 
 

The alternative composite liner of the Spruce PDP has been placed on a foundation capable 
of supporting the liner and resisting pressure gradients from above. The site conditions and 
site preparation preclude opportunities for failure of the liner due to settlement, 
compression, or uplift.  
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Satisfaction of §257.70(b)(4) 
 

The composite liner must be: 
 

(4) Installed to cover all surrounding earth likely to be in contact with the CCR or leachate. 
 
The alternative composite liner covers the entire surface impoundment surface and 
extends beyond the top of the embankments into an anchor trench; the liner covers all 
surrounding earth likely to be in contact with CCR.   
 
The height of the pond embankments allows for 2 feet of freeboard above the maximum 
normal operating level.  

 
§257.70(c) Alternative Composite Liner Requirements 
 
40 CFR §257.70(c) Alternative Composite Liner states the following: 
 

(c) If the owner or operator elects to install an alternative composite liner, all of the following requirements must be 
met: 
 

(1) An alternative composite liner must consist of two components; the upper component consisting of, at a 
minimum, a 30-mil GM, and a lower component, that is not a geomembrane, with a liquid flow rate no greater 
than the liquid flow rate of two feet of compacted soil with a hydraulic conductivity of no more than 1 × 10−7 
cm/sec. GM components consisting of high density polyethylene (HDPE) must be at least 60-mil thick. If the 
lower component of the alternative liner is compacted soil, the GM must be installed in direct and uniform 
contact with the compacted soil. 
 
(2) The owner or operator must obtain certification from a qualified professional engineer 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 × 10−7 cm/sec. The hydraulic 
conductivity for the two feet of compacted soil used in the comparison shall be no greater than 1 × 10−7 
cm/sec. The hydraulic conductivity of any alternative to the two feet of compacted soil must be determined 
using recognized and generally accepted methods. The liquid flow rate comparison must be made using 
Equation 1 of this section, which is derived from Darcy's Law for gravity flow through porous media. 
 

       
 
Where, 
 

Q = flow rate (cubic centimeters/second); 
A = surface 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). 

 
(3) The alternative composite liner must meet the requirements specified in paragraphs (b)(1) through (4) of 
this section. 
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Satisfaction of §257.70(c)(1) 
 

 
(1) An alternative composite liner must consist of two components; the upper component consisting of, at a 

minimum, a 30-mil GM, and a lower component, that is not a geomembrane, with a liquid flow rate no 
greater than the liquid flow rate of two feet of compacted soil with a hydraulic conductivity of no more 
than 1 × 10−7 cm/sec. GM components consisting of high density polyethylene (HDPE) must be at least 
60-mil thick. If the lower component of the alternative liner is compacted soil, the GM must be installed in 
direct and uniform contact with the compacted soil. 

 
Liner Components – The upper component of the composite liner is a 60-mil thickness 
of HDPE geomembrane. The lower component of the composite liner is a geosynthetic 
clay liner (GCL). The equivalency of the GCL to a two-foot thickness of compacted soil 
with a hydraulic conductivity of 1 × 10−7 cm/sec is demonstrated in a subsequent section 
of this Calculation under the heading “Satisfaction of §257.70(c)(2)”. 
 

Direct and Uniform Contact - A preceding demonstration with heading “Satisfaction of 
§257.70(b)” presented a description of the installation sequence and procedures for the 
components of the composite liner of the Spruce PDP and the conclusion that the 
geomembrane and GCL were installed in direct and uniform contact with the compacted 
soil subgrade. 

 
 
Satisfaction of §257.70(c)(2) 
 

(2) The owner or operator must obtain certification from a qualified professional engineer 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 × 10−7 cm/sec. The hydraulic 
conductivity for the two feet of compacted soil used in the comparison shall be no greater than 1 × 10−7 
cm/sec. The hydraulic conductivity of any alternative to the two feet of compacted soil must be determined 
using recognized and generally accepted methods. The liquid flow rate comparison must be made using 
Equation 1 of this section, which is derived from Darcy's Law for gravity flow through porous media. 
 

       
 
Where, 
 

Q = flow rate (cubic centimeters/second); 
A = surface 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). 

 
Lower Component – The lower component of the alternative composite liner is a 
needle-punched geosynthetic clay liner (GCL), specifically the Resistex 200FLW-9 
GCL manufactured by CETCO Lining Technologies, Inc. (CETCO). The Technical 
Data Sheet for Resistex 200FLW-9 was supplied by the geosynthetic installer, 
EnviroCon Systems, Inc., of Houston Texas, in the pre-construction submittals and is 
presented in Attachment B, GCL Submittals.  
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GCL Hydraulic Conductivity (“k”) - CPS commissioned compatibility testing of 
various GCL products by CETCO. CETCO is a manufacturer and distributor of a range 
of GCL products. CETCO performed long-term hydraulic conductivity testing (ASTM 
D6766, Scenario 2 procedure) to identify a polymer-amended product (Resistex 200) 
that maintained low hydraulic conductivity under long term exposure to representative 
site CCR leachate.  
 
The CETCO report (see Attachment B, GCL Submittals, CETCO, “CPS - FGD Brine 
Pond Composite Liner, Summary of Findings for Hydraulic Conductivity Testing of 
GCLS for Application Compatibility”, August 16, 2021) reported a permeability 
(hydraulic conductivity) for the  Resistex® 200, using representative site CCR leachate, 
of 7.59 x 10-10 cm/sec after 858.2 hours and 3.2 pore volumes of testing.  
 
Hydraulic Head (h) – As described in preceding Section “Satisfaction of 
§257.70(b)(1)”, the maximum normal operating hydraulic head that can act on the 
composite liner is 7.5 feet, or 228.60 cm. 
 
Soil Liner Thickness (t) – The thickness of the reference two feet of compacted soil 
liner is 60.96 cm. 
 
GCL Thickness (t) - In personal email communication to AECOM dated 8/24/23, Reza 
Gorakhki, PhD, Technical Services Engineer with CETCO, reported initial and final 
thickness measurements at five standard locations on the GCL sample for the ASTM 
D6766 laboratory test. The average initial and final thicknesses were 6.924 mm and 
6.926 mm, respectively. For this calculation, the final value of 6.926 mm, equal to 
0.6926 cm, is used. 
 
Unit Flow Rate Comparison - 
 

Reference 2-ft Thickness of  1.0 x 10-7 cm/sec Compacted Soil –  
qsoil  = k (h /t +1) 
 = 1.0 x 10-7 cm/sec x (228.60 cm / 60.96 cm + 1) 
 = 4.75 x 10-7 cm/sec 

 
Comparison Resistex 200FLW-9 GCL –  

qGCL = k (h /t +1) 
 = 7.59 x 10-10 cm/sec x (228.60 cm / 0.6926 cm + 1) 
 = 2.51 x 10-7 cm/sec 

 
Demonstration – Therefore, by calculation, the liquid flow rate through the lower 
component of the alternative composite liner, qGCL, is no greater than the liquid flow 
rate through two feet of compacted soil with a hydraulic conductivity of 1 × 10−7 
cm/sec, qsoil.   
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Satisfaction of §257.70(c)(3) 
 

(3) The alternative composite liner must meet the requirements specified in paragraphs (b)(1) through (4) of 
this section. 

 
Satisfaction of the requirements specified in paragraphs (b)(1) through (4) of §257.70 is 
demonstrated in preceding paragraphs of this calculation titled “Satisfaction of §257.70(b)(1)” 
through “Satisfaction of §257.70(b)(4)”. 

 
Conclusion 
 
This calculation package describes the proposed alternative composite liner, consisting of a 60-mil 
HDPE geomembrane overlying Resistex 200FLW-9 geosynthetic clay liner, and documents how it 
complies with the requirements of 40 CFR §257.72 “Liner design criteria for new CCR surface 
impoundments and any lateral expansion of a CCR surface impoundment” and the referenced 
detailed requirements for an alternative composite liner presented in 40 CFR §257.70(b) Composite 
Liner 
 
Therefore, since the 60-mil HDPE and GCL alternative composite liner of the Spruce Plant Drains 
Pond (PDP) satisfy the requirements of 40 CFR §257.72 and §257.70(b), the requirement of the 
“directing” 30 TAC §352.721 “Liner Design Criteria for New and Lateral Expansions of Coal 
Combustion Residuals Surface Impoundments” is also satisfied. 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Attachment A – HDPE Compatibility with CCR 
 
 

A.1 -  “State-of-the-Practice Liners and Caps for Coal Combustion 
Product Management Facilities,” 
October 2012,  
Electric Power Research Institute (EPRI). 
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Material1,2 # Min Med Max 

Fly Ash, Landfill, Bituminous 6 6.7 7.3 9.3

Fly Ash, Landfill, Subbituminous 8 6.4 9.9 12.2

Fly Ash, Impoundment, Bituminous 12 5.5 7.9 11.5

Fly Ash, Impoundment, Subbituminous 8 7.9 8.6 11.7

Fixated Scrubber Sludge3 (FSS), Landfill 4 7.8 9.3 12.0

FGD Residuals4 (CaSO3), Impoundment 7 6.1 7.3 8.2

1. Source: EPRI CPInfo database
2. Results are site averages 
3. All available FSS data were from landfills; two had FSS fixated using bituminous coal fly 

ash and three using lignite coal fly ash 
4. Residual solids from inhibited and natural oxidation wet FGD systems; sample sites may 

contain co-disposed fly ash; all available samples for this material were from 
impoundments; five site averages were from plants that burned subbituminous coal and 
two site averages were from plants that burned lignite
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Attachment B – GCL Submittals 

 

 

B.1 – “CPS - FGD Brine Pond Composite Liner, Summary of 
Findings for Hydraulic Conductivity Testing of GCLs for 
Application Compatibility,” 

August 16, 2021, 

CETCO Lining Technologies, Inc. 

B.2 – Technical Data (Sheet) 

Resistex® 200FLW-9 

Polymer Enhanced Geosynthetic Clay Liner 

CETCO Lining Technologies, Inc. 

 

B.3 -  Personal Email Communication, 

Reza Gorakhki, PhD, Technical Services Engineer, 

CETCO Lining Technologies, Inc., 

August 24, 2023. 



 

 

 

 

 

 

 

 

 

 

Attachment B – GCL Submittals 

 

 

B.1 – “CPS - FGD Brine Pond Composite Liner, Summary of 
Findings for Hydraulic Conductivity Testing of GCLs for 
Application Compatibility,” 

August 16, 2021, 

CETCO Lining Technologies, Inc. 

August 24, 2023. 

  



August 16, 2021 

Kimberly Deschenes 
AECOM 
9400 Amberglen Blvd, Suite E 
Austin, TX 78729 

RE: CPS - FGD Brine Pond Composite Liner 
Summary of Findings for Hydraulic Conductivity Testing of GCLS for Application Compatibility. 

Dear Kimberly Deschenes, 

The purpose of this letter is to present the status of the ongoing compatibility testing of the CETCO® 
Resistex® geosynthetic clay liners for the above-mentioned project.  Initial findings were previously 
conveyed for the Tier I & II testing (and are attached) for this project.  This report is made to convey final 
results, and report on continued permeability testing. All testing has been performed at the CETCO in-
house GAI-LAP accredited laboratory located in Hoffman Estates, Illinois.  

CETCO initiated a geosynthetic clay liner (GCL) chemical compatibility evaluation as outlined in our 

Technical Reference (TR-345, attached) after receiving representative sample of site leachate.  Completion 

of Tier I & II evaluations indicated that a standard GCL (such as Bentomat®) in the presence of the leachate 

would not likely provide suitable performance as defined by permeability.  CETCO initiated Tier III testing of 

Resistex® U40 and Resistex® 200 after finishing Tier I & II.  

• After 858.2 hours, permeability testing on Resistex® 200 was terminated.  The final permeability for

Resistex 200 with the site leachate is 7.59 x 10-10 cm/sec after 3.2 pore volumes.

• After 744.3 hours, permeability testing on Resistex® U40 was terminated. The final permeability for

Resistex U40 with the site leachate is 4.70 x 10-9 cm/sec after 13.7 pore volumes.

• Due to the result on the Resistex U40, a sample of Resistex U41 has been set up with the site

leachate.  Results of this testing will be reported at a later date.

Permeability testing was completed in general accordance with ASTM D6766, Scenario II with the leachate. 

For this testing, a cell pressure of 80 pounds per square inch (psi), 77 psi headwater pressure and 75 psi 

tailwater pressure were utilized and represent test conditions that CETCO utilizes in evaluating our GCL 

products.  It should be noted that testing utilizing field condition pressures could yield different results.  

Please feel free to contact me for further information. 

Sincerely, 

M. Reza. Gorakhki, Ph.D.

Technical Services Engineer, Environmental Products 

Minerals Technologies Inc. 

C 952.334.8530 

Email: Reza.gorakhki@mineralstech.com 

mailto:Reza.gorakhki@mineralstech.com
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GEOSYNTHETIC CLAY LINER COMPATIBILITY ANALYSIS 
ASTM D6141 - 20 

Project: CPS Energy Plant Drains Pond Date: 5/18/2021 

Location: San Antonio, Texas 
Project Type 
and Citation: 

Liner Compatibility 
BMG/LT-11-7 

Requested By: Kimberly Deschenes, AECOM Sample ID: LT21-4 

Sample 
Type(s)1: Leachate 

Test Results: 

Note: 
1) Test method modified for use with site specific hydration fluid in place of deionized water.

2)    Measured at George Mason University.

ICP Elemental Analysis 

Leachate Used for Testing Site Leachate 

Bentonite/Product Resistex 200 Resistex U40 

Fluid Loss (mL),  

ASTM D5891 modified1 
55.10 50.3 

Free Swell (mL/2g), 

ASTM D5890 modified1 
13.5 13.5 

Conductivity (S/cm) 39500 

pH 6.08 

Chloride (ppm) 112632 



2 

Element ppm 

Silver 0  

Aluminum 7.245 

Arsenic* 0 

Boron 29.976 

Barium 0.659 

Calcium 841.457 

Cadmium 0.882 

Chromium 0.144 

Copper 10.045 

Iron* 7.136 

Mercury* 4.603 

Potassium 736.256 

Magnesium 1565.34 

Manganese 24.504 

Molybdenum 0.917 

Sodium 6434.78 

Nickel 1.457 

Phosphorus 18.999 

Lead* 0.356 

Sulfur 2877.09 

Antimony 0.592 

Selenium* 0.424 

Titanium 0.093 

Zinc 1.298 

Zircon 0.212 

1) Accuracy is ±0.005 ppm except for arsenic, iron, mercury, lead and selenium which have accuracy limits of 0.02 ppm.
2) The sample was diluted 1:99 prior to testing and the results were scaled up by 100x.

Analyst:  DW 



CETCO EP Project Information 
ASTM D6766 Perm Test Results 
Accreditation: GRI-LAP-22-97 

Project CPS Energy Plant Drains Pond CPS Energy Plant Drains Pond 

Product Tested for Hydraulic Conductivity Resistex U40 Resistex 200 

Product Lot # 20GCL007-2 Roll 1 19GCL002-3 Roll 61 

Leachate Description CPS Energy CPS Energy 

Leachate Code# LT 21-4 LT 21-4 

Leachate pH 6.08 6.08 

Leachate EC (uS/cm) 39500 39500 

Ionic Strength Estimated by ICP (mol/L) 0.6645 0.6645  
RMD Estimated by ICP (M^0.5) 1.0157 1.0157 

Sulfate /Chloride Ratio 0.28 0.28 

Hydration Liquid CPS Energy CPS Energy 

Permeation Liquid CPS Energy CPS Energy 

Pressure Difference (PSI)  = 2 2 

Max. Effective Stress (PSI) = 5 5 

Actual Hydraulic Conductivity k (cm/sec) 4.70E-09 7.59E-10 

PVF 13.67 3.19 
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EVALUATING GCL CHEMICAL COMPATIBILITY 
 
Sodium bentonite is an effective barrier primarily because it can absorb water (i.e., hydrate and 
swell), producing a dense, uniform layer with extremely low hydraulic conductivity, on the order 
of 10-9 cm/sec.  Water absorption occurs because of the unique physical structure of bentonite 
and the complementary presence of sodium ions in the interlayer region between the bentonite 
platelets.  Sodium bentonite’s exceptional hydraulic properties allow GCLs to be used in place 
of much thicker soil layers in composite liner systems. 
 
Sodium bentonite which is hydrated and permeated with relatively “clean” water will perform as 
an effective barrier indefinitely.  In addition, past testing and experience have shown that 
sodium bentonite is chemically compatible with many common waste streams, including Subtitle 
D municipal solid waste landfill leachate (TR-101 and TR-254), some petroleum hydrocarbons 
(TR-103), deicing fluids (TR-109), livestock waste (TR-107), and dilute sodium cyanide mine 
wastes (TR-105). 
 
In certain chemical environments, the interlayer sodium ions in bentonite can be replaced with 
cations dissolved in the water that comes in contact with the GCL, a process referred to as ion 
exchange.  This type of exchange reaction can reduce the amount of water that can be held in 
the interlayer, resulting in decreased swell.  The loss of swell usually causes increased porosity 
and increased GCL hydraulic conductivity.  Experience and research have shown that calcium 
and magnesium are the most common source of compatibility problems for GCLs (Jo et al, 
2001, Shackelford et al, 2000, Meer and Benson, 2004, Kolstad et al, 2004/2006).  Examples of 
liquids with potentially high calcium and magnesium concentrations include: leachates from 
lime-stabilized sludge, soil, or fly ash; extremely hard water; unusually harsh landfill leachates; 
and acidic drainage from calcareous soil or stone.  Other cations (ammonium, potassium, and 
sodium) may contribute to compatibility problems, but they are generally not as prevalent or as 
concentrated as calcium (Alther et al, 1985), with the exception of brines and seawater.  Even 
though these highly concentrated solutions do not necessarily contain high levels of calcium, 
their high ionic strength can reduce the amount of bentonite swelling, resulting in increased GCL 
hydraulic conductivity. 
 
This reference discusses the tools that can be used by a design engineer to evaluate GCL 
chemical compatibility with a site-specific leachate or other liquid. 
 
HOW IS GCL CHEMICAL COMPATIBILITY EVALUATED? 
 
Ideally, concentration-based guidelines would be available for determining GCL compatibility 
with a site-specific waste.  Unfortunately, considering the variety and chemical complexity of the 
liquids that may be evaluated, as well as the many variables that influence chemical 
compatibility (e.g., prehydration with subgrade moisture [TR-222], confining stress [TR-321], 
and repeated wet-dry cycling [TR-341]), it is not possible to establish such guidelines.  Instead, 
a three-tiered approach to evaluating GCL chemical compatibility is recommended, as outlined 
below. 

TR-345 
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Tier I 
The first tier is a simple review of existing analytical data.  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), 
reported the results of several long-term hydraulic conductivity tests involving GCLs in contact 
with various multivalent (i.e., containing both sodium and calcium) salt solutions.   Based on the 
results of these tests, the researchers found that a GCL’s long-term hydraulic conductivity (as 
determined by ASTM D6766) can be estimated if the ionic strength (I) and the ratio of 
monovalent to divalent ions (RMD) in the permeant solution are both known, using the following 
empirical expression: 
 

RMDIRMDI
K
K

DI

c ××+×+×−= 2251.00797.0976.0965.0
log
log

 

 
where: 
I = ionic strength (M) of the 

site-specific leachate. 
 
RMD =  ratio of monovalent cation 

concentration to the square 
root of the divalent cation 
concentration (M1/2) in the 
site-specific leachate. 

 
Kc =  GCL hydraulic conductivity 

when hydrated and 
permeated with site-specific 
leachate (cm/sec). 

 
KDI =  GCL hydraulic conductivity 

with deionized water 
(cm/sec). 

 
Using this tool, a Tier I compatibility evaluation can be performed if the major ion concentrations 
(typically, calcium, magnesium, sodium, and  potassium) and ionic strength (estimated from 
either the total dissolved solids [TDS], or electrical conductivity [EC]) of the site leachate are 
known.  For example, using the relationship above and MSW leachate data available in the 
literature, Kolstad et al. were able to conclude that high hydraulic conductivities (i.e., >10-7 
cm/sec) are unlikely for GCLs in base liners in many solid waste containment facilities.  
 
In many cases, the Tier I evaluation is sufficient to show that a site-specific leachate should not 
pose compatibility problems.  However, if the analytical data indicate a potential impact to GCL 
hydraulic performance, or if there is no analytical data available, then it is necessary to proceed 
to the second tier, involving bentonite “screening” tests, which are described below. 
 
Tier II 
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The next tier of compatibility testing involves bentonite screening tests, performed in 
accordance with ASTM Method D6141.  These tests are fairly straightforward, and can be 
performed at one of CETCO’s R&D laboratories or at most commercial geosynthetics testing 
laboratories. 

Liquid samples should be obtained very early in the project, such as during the site 
hydrogeological investigation.  It is important that the sample collected is representative of 
actual site conditions.  Synthetic leachate samples may also be considered for use in the 
compatibility tests.  The objective is to create a liquid representative of that which will come in 
contact with the GCL.  At least 1-gallon (4-Liter) of each sample should be submitted for testing.  
Samples should be accompanied by a chain-of-custody or information form.  When a sample is 
received at the CETCO laboratory, the following screening tests are performed to assess 
compatibility:   

• Fluid Loss (ASTM D5890) – A mixture of sodium
bentonite and the site water/leachate is tested for fluid
loss, an indicator of the bentonite’s sealing ability.

• Swell Index (ASTM D5891) – Two grams of sodium
bentonite are added to the site water/leachate and
tested for swell index, the volumetric swelling of the
bentonite.

• Water quality – The pH and EC of the site
water/leachate are measured using bench-top water
quality probes.  pH will indicate if any strong acids (pH
< 2) or bases (pH > 12) are present which might
damage the bentonite clay.  EC indicates the strength
of dissolved salts in the water, which can hamper the
swelling and sealing properties of bentonite if present
at high concentrations.

• Chemistry  – The site water/leachate is analyzed for
major dissolved cations using ICP.  The analytical
results can then be used to perform a Tier I
assessment, if one has not already been done.

As part of this testing, fluid loss and free swell tests are 
also performed on clean, deionized, or “DI” water for 
comparison to the results obtained with the site 
water/leachate sample.  Sodium bentonite tested with DI 
water is expected to have a free swell of at least 24 mL/2g and a fluid loss less than 18 mL. 
Changes in bentonite swell and fluid loss indicate that the constituents dissolved in the site 
water may have an impact on GCL hydraulic conductivity.  However, since it is only a screening 
tool, there are no specific values for the fluid loss and swell index tests that the clay must meet 
in order to be considered chemically compatible with the test liquid in question.  Differences 
between the results of the baseline tests and those conducted with the site leachate may 
warrant further hydraulic testing. 
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A major drawback of the D6141 tests is the potential for a false “negative” result, meaning that 
the bentonite swell index or fluid loss might predict no impact to hydraulic performance, where in 
reality, there may be a long-term adverse effect.  This is primarily a concern with dilute calcium 
or magnesium solutions, which may slowly affect GCL hydraulic performance over months or 
years.  Short-term (2-day) bentonite screening tests would not be able to capture this type of 
long-term effect.  This is not expected to be a concern with strong calcium or magnesium or 
high ionic strength solutions, which have been shown to impact GCL hydraulic conductivity 
almost immediately, and whose effects would therefore be captured by the short-term bentonite 
screening tests. Another limitation of the bentonite screening tests is their inability to simulate 
site conditions, such as clean water prehydration, increased confining pressure, and wet/dry 

cycling.   These limitations can be in part addressed by 
moving to the third tier, a long-term GCL hydraulic 
conductivity test, discussed below. 
 
Tier III 
The third-tier compatibility evaluation consists of an 
extended GCL hydraulic conductivity test performed in 
accordance with ASTM D6766.  This test method is 
essentially a hydraulic conductivity test, but instead of 
permeating the GCL sample with DI water, the site-
specific leachate is used.  Since leachates can often be 
hazardous, corrosive, or volatile, the testing laboratory 
must have permeant interface devices, such as bladder 
accumulators, to contain the test liquid in a closed 
chamber, and prevent contamination of the flow 
measurement and pressure systems, or release of 
chemicals to the ambient air. 
 
Method D6766 provides some flexibility in specifying the 
testing conditions so that certain site conditions can be 
simulated.  For example, in situations where the GCL will 
be deployed on a subgrade soil that is compacted wet of 
optimum, the GCL will very likely hydrate from the 
relatively clean moisture in the subgrade (TR-222), long 
before it comes in contact with the potentially aggressive 
site leachate.  Lee and Shackelford (2005) showed that a 
GCL which is pre-hydrated with clean water before being 
exposed to a harsh solution is expected to exhibit a lower 
hydraulic conductivity than one hydrated directly with the 
solution.   Depending on the expected site conditions, the 

D6766 test can be specified to pre-hydrate the GCL with either water (Scenario 1) or the site 
liquid (Scenario 2). 
 
Another site-specific consideration is confining pressure.  Certain applications, such as landfill 
bottom liners and mine heap leach pads, involve up to several hundred feet of waste, resulting 
in high compressive loads on the liner systems.  Although the standard confining pressure for 
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the ASTM D6766 test is 5 psi (representing less than 10 feet of waste), the test method is 
flexible enough to allow greater confining pressures, thus mimicking conditions in a landfill 
bottom liner or heap leach pad.  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 solutions. 
 
ASTM D6766 has two sets of termination criteria: hydraulic and chemical.  To meet the 
hydraulic termination criterion, the ratio of inflow rate to outflow rate from the last three readings 
must be between 0.75 and 1.25.  It normally takes between one week and one month to reach 
the hydraulic termination criterion.  To meet the chemical termination criterion, the test must 
continue until at least two pore volumes of flow have passed through the sample and chemical 
equilibrium is established between the effluent and influent.  The test method defines chemical 
equilibrium as effluent electrical conductivity within ±10% of the influent electrical conductivity.  
This requirement was put in place to ensure that a large enough volume of site liquid passes 
through the sample to allow slow ion exchange reactions to occur.  Two pore volumes can take 
approximately a month to permeate through the GCL sample.  However, reaching chemical 
equilibrium (effluent EC within 10% of influent EC), may take more than a year of testing, 
depending on the leachate characteristics. 
 
ASTM D6766 is a very useful tool which provides a fairly conclusive assessment of GCL 
chemical compatibility with a site-specific leachate.  However, the major drawback of the D6766 
test is the potentially long period of time required to reach chemical equilibrium.  This limitation 
reinforces the need for upfront compatibility testing early in the project.  Clearly, requiring the 
contractor to perform this testing during the construction phase is not recommended. 
 
WHAT DO THE ASTM D6766 COMPATIBILITY TEST RESULTS MEAN? 
 
ASTM D6766 is currently the state-of-the-practice in the geosynthetics industry for evaluating 
long-term chemical compatibility of a GCL with a particular site waste stream.  An ASTM D6766 
test that is properly run until both the hydraulic (inflow and outflow within ±25% over three 
consecutive readings) and chemical (effluent EC within ±10% of influent EC) termination criteria 
are achieved, provides a good approximation of the GCL’s long-term hydraulic conductivity 
when exposed to the site leachate.  Jo et al (2005) conducted several GCL compatibility tests 
with weak calcium and magnesium solutions, with some tests running longer than 2.5 years, 
representing several hundred pore volumes of flow.  The intent of this study was to run the tests 
until complete ion exchange had occurred, which required even stricter chemical equilibrium 
termination criteria than the D6766 test.  The study found that the final GCL hydraulic 
conductivity values measured after complete ion exchange were fairly close to (within 2 to 13 
times) the hydraulic conductivity values determined by ASTM D6766 tests, which took much 
less time to complete. 
 
The laboratory that performs the chemical compatibility test, whether it is the CETCO R&D 
laboratory or an independent third-party laboratory, is only reporting the test results under the 
specified testing conditions, and is not making any guarantees about actual field performance or 
the suitability of a GCL for a particular project.  It is the design engineer’s responsibility to 
incorporate the D6766 results into their design to determine whether the GCL will meet the 
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overall project objectives.  Neither the testing laboratory nor the GCL manufacturer can make 
this determination. 
 
Also, it is important to note that the results of D6766 testing for a particular project are only 
applicable for that site, for the specific waste stream that is tested, and only for the specific 
conditions replicated by the test.  For instance, D6766 testing performed at high normal loads 
representative of a landfill bottom liner should not be applied to a situation where the GCL will 
only be placed under a modest normal load, such as a landfill cover or pond.  Similarly, the 
results of a D6766 test where the GCL was pre-hydrated with clean water should not be applied 
to sites located in extremely arid climates where little subgrade moisture is expected, unless 
water will be applied manually to the subgrade prior to deployment.  And finally, since D6766 
tests are normally performed on continuously hydrated GCL samples, the test results should not 
be applied to situations where repeated cycles of wetting and drying of the GCL are likely to 
occur, such as in some GCL-only landfill covers, as desiccation can worsen compatibility 
effects. 
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RESISTEX® 200FLW-9 
POLYMER ENHANCED GEOSYNTHETIC CLAY LINER 

DESCRIPTION 
RESISTEX®  200FLW-9 Geosynthetic Clay Liner (GCL) is polymer enhanced to provide the highest level of chemical compatibility in aggressive 
leachate environments. Such environments may include coal combustion product storage facilities, mining operations, and industrial waste 
storage facilities. Site-specific compatibility testing is strongly recommended.1 

 

CERTIFIED PROPERTIES 
 

PHYSICAL PROPERTIES 
MATERIAL PROPERTY TEST 

METHOD 
TEST FREQUENCY CERTIFIED VALUES 

Nonwoven Cap Geotextile Mass/Area2 ASTM D5261 200,000 ft2 (20,000 m2) 9.0 oz/yd2 (305 g/m2) min. 

Nonwoven Base Geotextile Mass/Area2 ASTM D5261 200,000 ft2 (20,000 m2) 6.0 oz/yd2 (203 g/m2) min. 

Woven Base Geotextile Mass/Area2 ASTM D5261 200,000 ft2 (20,000 m2) 3.2 oz/yd2 (108 g/m2) min. 

Bentonite Moisture Content3 ASTM D2216 1 per 50 tonnes 12% max. 
Bentonite Swell Index3 ASTM D5890 1 per 50 tonnes 24 mL/2g min. 
Bentonite Fluid Loss3 ASTM D5891 1 per 50 tonnes 18 mL max. 
Bentonite Mass/Area4 ASTM D5993 40,000 ft2 (4,000 m2) 0.75 lb/ft2 (3.7 kg/m2) min. 

Total Mass/Area4 ASTM D5993 40,000 ft2 (4,000 m2) 0.88 lb/ft2 (4.0 kg/m2) min. 

GCL Moisture Content ASTM D5993 40,000 ft2 (4,000 m2) 35% max. 
GCL Grab Strength5 ASTM D6768 200,000 ft2 (20,000 m2) 50 lbs/in (8.8 kN/m) min. 
GCL Peel Strength ASTM D6496 40,000 ft2 (4,000 m2) 8 lbs/in (1.4 kN/m) min. 
GCL Hydraulic Conductivity6 in DI Water ASTM D5887 250,000 ft2 (25,000 m2) 3 x 10-11 m/s max. 

GCL Hydrated Internal Shear Strength7 ASTM D6243 1,000,000 ft2 (100,000 m2) 
500 psf (24 kPa) typ. 
@ 200 psf (9.6 kPa) 

 
1 Compatibility testing via ASTM D6766 recommended using site-specific leachate as the permeate fluid. Pre-hydration requirements for the GCL sample and other testing 
parameters such as confining stress to be prescribed by the design professional. 

2 Geotextile property tests performed on the geotextile components before they are incorporated into the finished GCL product. 
3 Bentonite property tests performed before the bentonite is incorporated into the finished GCL product. 
4 Reported at 0% moisture content. 
5 All tensile strength testing is performed in the machine direction using ASTM D6768. 
6 Index flux and hydraulic conductivity testing with deaired distilled/deionized water at 80 psi (550 kPa) cell pressure, 77 psi (530 kPa) headwater pressure and 
75 psi (515 kPa) tailwater pressure. 

7 Peak values measured at 200 psf (9.6 kPa) normal stress for a specimen hydrated in the shearbox for 48 hours. Hydrating outside of the shearbox is not recommended.  
Site-specific materials, GCL products, and test conditions must be used to verify internal and interface strength of the proposed design. 
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B.3 -  Personal Email Communication, 

Reza Gorakhki, PhD, Technical Services Engineer, 

CETCO Lining Technologies, Inc., 

August 24, 2023. 
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Gourlay, Sandy

From: Reza Gorakhki <reza.gorakhki@mineralstech.com>
Sent: Thursday, August 24, 2023 6:44 PM
To: Gourlay, Sandy
Cc: Marat Goldenberg
Subject: RE:  RE:  CPS - FGD Brine Pond Composite Liner - Recommendation for "thickness" of 

Resistex (R) 200
Attachments: CPS Spruce - darcy's law.xls

This Message Is From an External Sender 

This message came from outside your organization. Do not click links or open attachments unless you recognize the sender and 
know the content is safe. 

 Report Suspicious 

Sandy, 

Thank you for your email. 

We continued the test after sending the report to you and the final reported permeability was 8.68*10 -10 cm/s. We 
measure the thickness of GCL in five different locations of specimen before and after the test. The relevant 
measurement for your case is the average “final” wet fraction. Please see below Table. 

Thickness, mm Thickness, mm 

Initial dry w/text Final wet w/text 

7.260 6.610 

7.330 7.210 

6.980 6.960 

6.700 7.350 

6.350 6.500 

6.924 6.926 

Please find the attached file that suggests under 8 ft of head, the GCL system had lower leakage rate relative to 2 ft of 
compacted clay. Please be aware that we do not consider presence of any geomembrane in CCL or GCL cases. 

Please let me know if you have any additional questions. 

Thanks, Reza 



Reza Gorakhki, PhD 
Senior Technical Services Manager 

C: 970-691-4135 

reza.gorakhki@mineralstech.com 

2870 Forbs Ave,  

Hoffman Estates, IL 60192 

www.CETCO.com 
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