
GEOSYNTHETIC CLAY LINERS



What is a GCL?

Bentonite sandwiched between two layers or more of textiles
~5 to 12mm GCL = 3 ft of CCL (Compacted Clay Liner).



HDPEGCL

Compacted subgrade below GCL

Typical Barrier Leakage Rates (gpad)

Compacted Clay Liner (3ft thick) – 100 @ 1E-7 (cm/s)

Intact Geomembrane – 0.1

Typical Geomembrane (Actual) – 10,000 * - from 200+ USA landfills (GRI Research).

Composite Liner (HDPE over a GCL) - 1 – from the same GRI Research Study.





International Symposium on GCLs – S. Allen & D. Narejo

Point Strains in HDPE with and without GCL protection Layers









Selfsealing Performance of GCL with Wyoming Bentonite

What is Bentonite?



Prior to unloading rail cars:

- Swell Index Test (24ml min).

- Fluid Loss Test (18ml max).

Quick 24 hr test to determine

Low permeability requirements.















The Classic Copy & Paste GCL spec … 

- No textile list … none … how thick?



Higher Peel & Shear Strengths

Roll movement

Lower Bulk Ratio
See Research Paper from Queens





Woven

Non-Wowen

Natural Wyoming Based Bentonite
(Enhanced Polymer can be added)

GCL Cross-Section



Woven (Scrim) *

Non-Wowen

Natural Wyoming Based Bentonite
(Enhanced Polymer can be added)

GCL Cross-Section

Non-Wowen



Woven

Non-Wowen

Natural Wyoming Based Bentonite
(Enhanced Polymer can be added)

GCL Cross-Section

Polypropylene
Coating applied



Non-Wowen

Bentonite

GCL Cross-Section

Non-Wowen

NEVER USE A DOUBLE NONWOVEN GCL / WHY?

Based on research – badly prepared subgrade – only 7ft of hydraulic head will
Force the bentonite out of the nonwoven (squeezed out).



Woven (Scrim) *

Non-Wowen

Bentonite

GCL Cross-Section

Non-Wowen

ALWAYS … ALWAYS ENSURE THAT A DOUBLE NONWOVEN GCL HAS A SCRIM (WOVEN)

Based on research – badly prepared subgrade – up to 70m of hydraulic head can be 
applied over a Scrim-Reinforced GCL – ie. SRNWL.



Not every GCL is alike
We alone make over 50+ types

• Different types for different applications:

• Slopes (different textiles used).

• Application (ponds vs landfill vs mine site vs base liner vs cap).

• Leachate compatibility (bentonite and/or enhanced polymers).

• Soil conditions (ion exchange?).

- Different types of bentonites:

- Wyoming based bentonite.

- Bentonite from overseas (Activated/Soda Ash).

- Mesh size is also important …



The Classic Copy & Paste GCL spec … 

- No textile list … none … how thick?





When specifying a GCL:

- Don’t use a tradename.
- Specify the properties you want.
- Textile type and thickness.
- Tensile & Peel Strength.

- Most importantly … never use a 
double nonwoven GCL without a 
Scrim-Nonwoven.



The Classic Copy & Paste GCL spec … 

- No textile list … none … how thick?



Where to use GCLs:

FAQ: How will the GCL be hydrated? (reference: Southern/Rowe paper)

FAQ: What if the landfill leachate is the first liquid to the GCL? (use an Enhanced Polymer).



Where to use GCLs:

Hydration?



EN 14414 Method D
Synthetic Leachate

A mixture consisting of:

- 7.5 g/l acetic acid (C2H4O2).
- 2.5 g/l propionic acid (CH3.CH2.COOH)
- 0.4 g/l isobutyric acid ((CH3)2.CH.COOH)
- 7.0 g/l butyric acid ((CH3)2.CH2.COOH)
- 0.4 g/l isovaleric acid.
- 1.8 g/l valeric acid.
- 4.5 g/l hexanoic acid.
- 4.0 g/l heptanoic acid.
- 0.2 g/l glucose.
- 0.35 g/l sodium chloride (NaCl).
- 0.3 g/l anhydrous sodium sulfate (Na2SO4).
- 0.1 g/l calcium chloride (CaCl2.2 H20).
- 0.2 g/l magnesium sulfate
- 0.5 g/l diammonium hydrogen phosphate (note: if not commercially available – see below).

or 0.44 g/l of 85% concentrated phosphoric acid & 0.51 g/l of 25% concentrated ammonia).
- deionized water to 1 litre.

The pH of this synthetic leachate shall be adjusted to a final pH of 6 using 16ml of ammonia solution and
Subsequently with Sodium Hydroxide (NaOH).







Stubborn Groundwater = not the end of the world with a Scrim-Reinforced GCL.



2 separate ponds (same size) – done the same week

One with one type of GCL / one with another

5km apart … interesting final result !!!

This picture courtesy of Queens University This picture courtesy of Queens University

SWM Pond done with a mesh 16 bentonite GCL Ag pond done with mesh 30 bentonite GCL but also with a multi-component

http://www.youtube.com/watch?v=pAitlQP-doc




Guidelines to follow for
Prehydrated GCLs

August 2020
Orillia, ON
Exposed GCL
Huge difference between NSL & SRNWL

../../2018/Bentofix/401-r1.pdf


NSL

SRNWL

100% prehydrated samples

The more reason to select SRNWL





GCL Research / Recent findings



Non-Wowen

Bentonite

GCL Cross-Section

Non-Wowen

Based on research:  Double Nonwoven GCL shrink under an exposed Geomembrane (HDPE)
* - (No coversoil over the Geomembrane).



Internal Erosion
& overlap opening?!

Why?



USE A THICKER TEXTILE GCL
OR BETTER YET – COVER IT UP AS RECOMMENDED!

OR USE A SCRIM-RIENFORCED GCL !!!



Woven

Non-Wowen

Bentonite

GCL Cross-Section

Non-Wowen

Based on research:  
Scrim-Reinforced Double Nonwoven will NOT shrink under an exposed Geomembrane (HDPE)
* - (No coversoil over the Geomembrane).



Coated GCL facing up > No Internal Erosion for 2 yrs 
in an Exposed Liner Site.





w=47%

7% initial moisture

Photo: Courtesy of Queens University

GCL Base – 54 weeks HDPE-GCL no cover

Remember?!:

Bulk Void Ratio!

Thermally Locked GCL

Moisture uptake by bentonite.



Bulk Void Ratio

Lots of free air space 

here!

Double NonWoven

GCL / NO Scrim.

w=36%

24% initial moisture

Photo: Courtesy of Queens University

GCL Base – 54 weeks HDPE-GCL no cover

http://www.youtube.com/watch?v=pAitlQP-doc


Field Research Conclusions…
Published Papers … just quickly …



2 separate ponds (same size) – done the same week

One with one type of GCL / one with another

5km apart … interesting final result !!!

This picture courtesy of Queens University This picture courtesy of Queens University

SWM Pond done with a mesh 16 bentonite GCL Ag pond done with mesh 30 bentonite GCL but also with a multi-component

http://www.youtube.com/watch?v=pAitlQP-doc




LessWrinkles = Less Damage during coversoil operations.
Less Wrinkes = a lower transmissivity between HDPE/GCL.



GCL: $0.30/sqft to $1.20/sqm
Cheap as borscht to high end GCLs.
.

Fly Ash Cap



Deployment Cost:  $0.20/sqft to $0.40/sqft.
Based on size/slopes/turns.



2023 – Waterloo LF.
White HDPE / GCL.
- A trend towards double nonwoven scrim-reinforced GCL designs now.
PreHydration & weather resistant GCL.



GCL Specifications / Beyond me … comments …

• How double nonwoven GCLs are not scrim-reinforced is beyond me.

• How cheap GCLs with a peel strength of only 1 lbs/in (175 N/m) are used 
in landfill applications is beyond me.

• How nonwoven/wovens GCLs still make up the majority of all specified 
GCLs on projects is beyond me.

• How specifications don’t list the textile weight (g/sqm) on a GCL is …



Premature hydration of GCLs
Guidelines (and guidelines per different types of GCLs).

Some GCLs can winstand weather

events more than others …



GCLs Winter Storage.
Again … different guidelines required per type of GCL …



GCL Myth:  GCLs can’t be used in the winter … why not?

GCLs made with a dry bentonite can be deployed in the winter with no issues.

However use a high peel GCL weather resistant GCL (double nonwoven scrim-reinforced GCL).



Using the appropriate GCL based on the working 
conditions/applications

Recap:

- double nonwoven scrim-reinforced GCL should be used at minimum.

- if nonwoven/woven GCLs are used / full time supervision is a must & 
guidelines must be followed.

- higher grade GCLs need to be specified & used going forward.

- sadly … we’re still using low grade GCLs for critical conditions.



Bruno Herlin, P.Eng.
bherlin@terrafixgeo.com

Thank you!


