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Coal Ash Applications



Geosynthetic Barrier Materials and Regulations 
needed.  

In December 2008 a 
levee containing coal 
ash failed at a TVA 
facility in Kingston TN.  
Subsequent clean-up 
costs are in excess of 
1.4 billion US dollars.

Presenter
Presentation Notes
Positioning Statement – Why is lining coal ash impoundments such a big deal?  Details of Kingston failure at http://en.wikipedia.org/wiki/Kingston_Fossil_Plant_coal_fly_ash_slurry_spill 



POLYMER ENHANCED 
GEOSYNTHETIC CLAY 
LINERS –
CCR APPLICATIONS



Leachate Collection

Compacted Clay Liner (CCL)

Geomembrane ≥ 30 mils
if HDPE then ≥ 60 mils

Solid Waste

Filter Layer

Permeability ≤1x10-7 cm/sec

Soil Subgrade

Permeability ≥1x10-2 cm/sec

Leachate Removal System
(i.e. perforated pipe network)

≥ 24”

≥ 12”

EPA Minimum 
Technical Guidance

Subtitle D liner system

Presenter
Presentation Notes
Beginning with the subgrade and working up:Regulations are silent on specifics of the subgrade; however, for quality installation the subgrade must be smooth and free of debrisThe CCL acts as the secondary liner system and must have a minimum permeability of 1x10-2 cm/sec and must be at least 24” (600 mm) in thickness.The geomembrane must be a minimum of 30 mil (0.75 mm); if using HDPE the liner must be greater than or equal to 60 mil (1.5 mm) in thickness.  The CCL and geomembrane together represent a composite liner.  Regulations state that the liner and CCL must be in intimate contact with each other.   (See section on White-Surfaced Geomembrane for more detail)Leachate collection must be present.  This layer must be a minimum of 12” (300 mm) and have a minimum permeability of 1x10-2 cm/sec.  This thickness is consistent with  the minimum allowable hydraulic head of 12 in (300 mm).Leachate removal system consists of perforated piping located in the leachate collection soil.The regulations are silent on the specifics of the filter soil.



Major study conducted for USEPA (Bonaparte, Daniel, 
and Koerner - 1999)

Encompassed 91 Landfills and 287 double-lined cells

Cells monitored for 10 years

Leakage through primary liner (either GM, GM/CCL or 
GM/GCL) was evaluated by measuring flow into the 
underlying leachate detection system

Hydraulic Performance

US EPA Technical Guidance Document - 2001



Part of a Composite Geosynthetic Liner

Presenter
Presentation Notes
Tell the Regulatory Agent what his/her take away should be from this slide.  What does this mean to him/her as a Regulatory Agent in terms of the liner system design?  Focus on test results at Initial Filling and Subsequent Filling stages in the Life Cycle.  Also differentiate between the GM/GCL performance vs. the GM/CCL and GM performance in terms of Quantity (landfills with leakage) and Leakage Rate.  Ask them to read the quote and pause a minute for them to consider what this means to them and Owner.“Assessment and Recommendations for Improving the Performance of Waste Containment Systems”,R. Bonaparte, D.E. Daniel, and R.M. Koerner, EPA/600/R-02/099,http://www.epa.gov/nrmrl/pubs/600r02099.pdf



GSE BentoLiner
Fabric Encased GCL

Geosynthetic Clay Liners (GCLs)



Fabric Encased GCL

Geomembrane Supported GCL

Woven or nonwoven 
geotextile

Nonwoven geotextile
Sodium bentonite

GeomembraneSodium bentonite

GCL Product Types

Presenter
Presentation Notes
Revisit and Re-Iterate your Positioning Statements for this Slide…..then ask a question about Design Considerations to engage audience participation - Why use fabric encased GCL if Intimate Contact Factor drives liner cross-section performance in terms of minimizing leakage rate?  For what scenario may our BentoLiner or Fabric Encased GCL be more appropriate to specify than GundSeal?  When Internal Shear Stress performance requirements dictate that a geomembrane supported GCL is not appropriate to specify.Positioning StatementsRe-iterate your take away message from previous slide (Assessment & Recommendations for Improving the Performance of Waste Containment Systems, EPA/600/R-02/099) that composite liner sections provide superior performance and a superior facility design relative to geomembranes or compacted clay alone.  State the assumption in Landfill Design based on Engineering Standard of Care is that the liner will leak.



Woven or nonwoven 
geotextile

Nonwoven geotextile
Sodium bentonite

Geosynthetic Clay Liner Product Options
1. EC    – woven & 3 oz/SY non-woven
2. NSL    – woven & 6 oz non-woven geotextiles
3. CNSL – nominal 5 mil thick PP-coated NSL 
4. LNSL  – 3 mil HD geo-film laminated onto NSL 
5. NWLL – 3 oz scrim non-woven & 6 oz woven geotextiles
6. NWL   – one 6 oz non-woven and one 6 oz scrim nonwoven geotextile
7. CAR Series – Polymer Enhanced 

Fabric Encased GCL Modifications



• Consistent Low Permeability Hydraulic Barrier
• Protects Geomembrane from Puncture
• Reduced Installation Cost and Time
• Saves Airspace 
• Self-Sealing Properties
• Hydraulic Conductivity per ASTM D5887
‒ Effective Confining Stress is 5 psi
‒ Typical Value is 3 x 10-9 cm/sec
‒ Equivalent to 2 feet of CCL Flux

• Superior Hydraulic Conductivity to CCLs
• Withstand Differential Settlement
• Resistance to Damaging Freeze/Thaw Effects

Geosynthetic Clay Liners - Advantages

Presenter
Presentation Notes
Discuss typical scenarios where the Owner’s Project Design Team may want to consider and use GCLs rather than CCLs.



• Bentonite Chemical Alterations –
• Free available Calcium & Magnesium

• Slope Stability When Hydrated
• Low Bentonite Hydrated Shear Strength
• Internal reinforcement 
• Peel Strength

• Hydraulic Conductivity influenced by effective 
stress – 12” minimum overburden

• Thickness
• ~10 mm Thick
• Vulnerable to puncture

Geosynthetic Clay Liners – Disadvantages



• High Quality Wyoming Sodium Bentonite
‒ High Free Swell

‒ Low Fluid Loss

• Blended with Proprietary Long Chain Polymers
‒ Expanding of the polymers reduces the space for water to travel 

around the sodium bentonite platelets

‒ The polymers absorb components responsible for cation
exchange, allowing fresh water to hydrate the sodium bentonite

‒ Polymers are currently used in NSF Certified applications

Polymer Enhanced Coal Ash Resistant GCL

Coal Ash Resistant GCL

Presenter
Presentation Notes
Same product as previous slide with the addition of polymer enhancement.  If you haven’t already fielded this question, acknowledge that there is a cation exchange which take place between the calcium and sodium.  For example, in an FGD landfill, the calcium in the calcium  carbonate will bond with the sodium in the sodium bentonite and reduce the amount of sodium bentonite available to absorb moisture.  In this scenario, our “…polymers absorb the….” (read the second bullet under “Blended with Propietary Long Chain Polymers” heading).Takeaway Message – Same amount of sodium bentonite used for CAR BentoLiner GCL as standard BentoLiner GCL.  Added polymers Reduce void space, andAttract calcium ions so they do not bond to sodium ions; therefore the sodium bentonite is not chemically changed.



CCR Rule language encourages composite liner with 
GCL and geomembrane.

To qualify as an alternative lower element of a composite 
liner the GCL must have:
• Appropriate chemical properties
• Sufficient strength and thickness
• Shear resistance between components
• Appropriate foundation
• Certification by PE of alternate secondary liner 

equivalence
• Site specific testing necessary per ASTM D 6766 Sc 2

Federal CCR Rule – GCL Encouraged



• Tests per ASTM D 6766 Scenario 2 

• Proper polymer / bentonite blend 
• Different leachates require different polymers

• Cap and Carrier non-woven geotextile weight

• Scrim Reinforced non-woven geotextile

• Coated geotextile 

Polymer Retention GCL Modifications



• Industry seeking repeatable index testing
• Finished GCL product cut open to remove polymer and bentonite 

blend
• Working with ASTM to determine best test 
• Goal not to achieve a minimum value, just prove polymer present

• Loss on Ignition (ASTM D 7626 mod)
• Oven burns off water, then burns off polymer and compare
• Different polymers and amounts cause variability

• Fluid Loss (ASTM D 5891) 
• Volume of filtrate (water/leachate) lost and measured
• Performed with bentonite alone, then polymer enhanced 

• FANN Viscosity (API 13A mod)
• Variability in sample prep, equipment, blades, labs, etc

Polymer Enhanced GCL Index Testing



Acid Mine 
Drainage
Solution 1

Coal Ash 
Leachate
Solution 2

Gypsum 
Leachate 
Solution 3

Fly Ash/
FGD 

Leachate
Solution 4

Fly Ash/
Gypsum  
Leachate
Solution 5

Cations mg/L mg/L mg/L mg/L mg/L

Calcium 660 820 580 740 480

Magnesium 4,000 340 220 6 530

Potassium 660 30 14 410 93 

Sodium 670 82 78 240 2200 

Anions

Chloride 8,600 1,300 250 1,200 980 

Sulfate 10,000 1,900 2,200 1,600 7600 

Leachate Analysis with High Ionic Strength

Presenter
Presentation Notes
You should focus on Leachates 3, 4, and 5 in this study.  They were provided for testing by a large power utility company (AEP).  Do not share with audience that AEP provided us with these leachate samples.
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Solution 3 BentoLiner CAR (10% Moisture) Solution 3 BentoLiner Std (10% Moisture)

≈ 22 Pore Volumes

≈ 70 Pore Volumes≈ 1.21E-07 cm/sec

Solution 3 – Gypsum Leachate

Presenter
Presentation Notes
Permeability Difference – Order of magnitudePore Volume – Standard GCL more than 3 times the CAR GCL pore volume over less time.
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Solution 4 BentoLiner Std (10% Moisture) Solution 4 BentoLiner CAR (10% Moisture)

≈ 11 Pore Volumes

≈ 23 Pore Volumes

Solution 4 – Fly Ash/FGD Leachate

Presenter
Presentation Notes
Permeability Difference – Order of magnitudePore Volume – Standard GCL more than 2 times the CAR GCL pore volume over less time.
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Solution 5 BentoLiner Std (10% Moisture) Solution 5 BentoLiner CAR (10% Moisture)

≈ 8 Pore Volumes

≈ 11 Pore Volumes

Solution 5 – Fly Ash/Gypsum Leachate

Presenter
Presentation Notes
Performance - Reiterate permeability and pore volume.Compatability Testing – Visually point out to them…. While the CAR GCL did consistently outperform Standard GCL in the comparison, this comparison also indicates that compatability performance testing is necessary for site specific leachate.  The CAR GCL performance between Leachates 3, 4, & 5 did differ.  Recommend that compatibility testing be performed by the Project Design Team in order to define CAR GCL performance in the bid specifications.  Make them aware that ASTM 6766, Scenario 2 is the appropriate test method and that we recommend at least a 3 to 4 month test period.  If they ask you why not Scenario 1 in ASTM 6766, we recommend using this for quality assurance testing rather than performance testing because testing with site specific leachate (Scenario 2) should be the worst case scenario.  Confining stress is 5 psi. *  If asked, we intend to include a report summarizing this test on Leachates 3, 4, & 5.  Jimmy Youngblood is working on this if it is not included in your packet.



• Chemical Compatibility Testing (ASTM D 6766 Sc 2)

• Clay Source

• EPA Recommended Composite Liner 

• Missouri DNR Discussion 

GCL Consideration 



WET ASH 
SURFACE 
IMPOUNDMENTS



Wet Ash Surface Impoundment Closure



Existing Wet Ash Surface Impoundment Closure

• Surface Water Removal in pond corner 



Existing Wet Ash Surface Impoundment Closure

• Seepage from ash 
agitation below

• Amphibious excavator 
to place fill and bridging 
material 



Existing Wet Ash Surface Impoundment Closure

• Tensar TriAx Geogrid
• On-site fill material above and below, no import
• Geomembrane closure with vegetative soil



SURFACE
IMPOUNDMENT 
STABILIZATION 
TEST PLOT



Objectives for Coal Ash Surface Impoundment 
Stabilization Test

• Test response of wet ash under various stabilization methods
• Grade over top of exposed ash
• Bridge with bottom ash 
• One layer of Geogrid with bottom ash fill
• One layer of Geocomposite with bottom ash fill 

• Determine most stable method 
• Equipment loss a scary recurring theme 



Test Plot Setup

33
• No Geogrid – bottom ash bridging under CCL



Test Plot Setup

34

• TriAx Geogrid anchored in perimeter and onto wet pond



Test Plot Setup

35
• TriAx Geogrid with bottom ash fill



Test Plot Setup

36
• Several passes with full bucket loader show 

minimal rutting 



Test Plot Benefits

• Test at location with lowest shear strength ash
• Better understand CCR waste reaction to 

compaction
• Relieve contractor concern / risk (i.e. – dollars)
• Prove a solution



GEOCOMPOSITE 
FOR CCR WASTE 
FILTRATION AND 
DRAINAGE



Coal Ash Properties

39

• Wet and Dry Placement
• Not Easily Filtered
• 85% to 100% finer than silt
• Uniformly graded by-product



Performance Challenge – Filtration Compatibility

“… the fines excessively clog the geotextile filter 
thereby blocking flow and in others the upstream 

fines move through the geotextile (i.e., lack of 
retention) thereby clogging the downstream drain.”

“Inadequate Performance of Geotextile Filters Under Difficult & 
Challenging Field Conditions;” R.M. Koerner and G.R. Koerner; GRI 
Report No. 30; October 15, 2008.

40

Conventional Geotextiles do not filter non-cohesive fine-
grained soils such as fly ash and gypsum.



GeoAmericas April 2016

• Regarding soil problems, Cohesionless fine 
grained soils like rock flour, Cohesionless silts, 
and fly ash, represent a design dilemma in that 
very open geotextiles allow excessive soil to 
pass downstream (with subsequent upstream 
cavitation and piping) and very tight geotextiles 
that can result in excessive clogging. This 
balance requires site-specific soil properaties as 
well as product-specific geotextile properties. 

“Significance of Proper Geotextile Filter Selection on the Hydraulic 
Performance of Drainage Geocomposite” Koerner, G.R.; GeoAmericas; April 
2016



CoalDrain Benefits

• Drain and filter in one 
geocomposite 

• Retains fly ash, FGD, and 
other fine grained particles

• Cover material can be fly 
ash, FGD, or any CCR 
waste 

• No need for expensive 
graded sand filter

• Easy installation on slopes



What Do We Find from Lab Tests?

43

• Within two pore 
volumes fines 
passing stabilize 
at a very low 
value

• CoalTex does 
not clog 



Lab Results for HCR Test Per ASTM D 5567

• CoalDrain tested with fly
ash and FGD gypsum

• HCR value stabilized
within two pore volumes
with no further decrease

• The Coaltex forms a
stable filter indicating no 
further decrease in 
hydraulic conductivity 
over time

44



Resistance to Clogging, Gradient Ratio Tests

45

• All tests show a 
gradient ratio of 
less than 2 

• Tests have been 
performed with 
different CCR 
materials

• The Coaltex found 
to be compatible 
with fly ash and 
FGD gyspum



Cross Sections of Each Test Pad Cell

46



Gradations of fly ash and gypsum
Similar permeabilities (10-6 cm/sec), differing gradations

47



Variation of Flow Over Time

48



Variation of TSS Over Time

49

Measured TSS for sections with CoalDrain are all significantly less 
than 20 mg/L, can be considered clean



DEWATERING 
BAG FILTRATION 
PILOT TEST



Ash Pond with Thin Crust

51

• Dewatering hose in ash pond pumping fly ash slurry



Ash Pond with Thin Crust

52



CoalTex Dewatering Bag – Filling

53

• Fly ash slurry filling bag, seepage evident



CoalTex Dewatering Bag

54

• CoalTex Dewatering bag full of fly ash slurry 
• Conventional bags experience blinding of geotextile
• Polymer additives block seepage 



Filter barrier near Decant Tower



CoalTex Dewatering Bag Closure Applications 

56

• Erosion control for rain events on large ponds
• Filter control near decant towers & discharge weirs
• Water Quality Control by placing bags near sensitive areas and 

NPDES discharge points with no chemical treatment 
• Bank Stabilization 
• Transport of dewatered ash on flatbeds
• Use as a ‘bridging bag’ to build a floating road or stabilize soft 

area
• Avoid importing soil to meet grades of closure, use existing fly 

ash within pond closure
• Potential with ELG / NPDES / TSS Control



Vincent Diviacchi 
Technical Manager – Midwest USA & Canada
M: 832-657-4857
E: vdiviacchi@gseworld.com

mailto:vdiviacchi@gseworld.com
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