GEOSYNTHETIC CLAY LINERS

* Presentation by Bruno Herlin, P.Eng.



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




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.

GClL HDPE
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HDPE with and without GCL protect
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(a) At 13 mm cone height, no protection
(b) At 13 mm cone height, with GCL protection

{c) At 25 mm cone height, no protection

(d) At25 mm cone height, with GCL protection

(e) At 38 mm cone height, no protection

(f) At 38 mm cone height, with GCL protection

Figure 2. The deformed shape of the lead sheet for three cone heights and two cases (protected and

unprotected) as captured by the profilometer.

International Symposium on GCLs —S. Allen & D. Narejo
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Base Geotextile

(woven or non-woven) Granular Sodium
Always contains a woven (scrim) Bentonite

Finished Product

Needlepunching

Cap Non-Woven &
Geotextile Thermal Lock

Full Metal Scan



What 1s Bentonite?

Selfsealing Performance of GCL with Wyoming Bentonite




Adr Pressure

Prior to unloading rail cars:

- Swell Index Test (24ml min).
- Fluid Loss Test (18ml max).

Quick 24 hr test to determine
Low permeability requirements.
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permeabily hydreulic barmer. The fop layer is & shaple fher nonwoven (NW) geolextle whils e bobiom layer is 8 scim
rerforced nonwoven [SRNW) geobexfile. The produc] i= inkended for sieep slopes snd high ked spplicafons wher noessed
nizmal shear sirength is required. Product miended wher subgrade condions are rugh in neturs, prevent shinkege below

geomemieanes, andiorwhes hydmulic hesd condiions may spehy.

Specifications

Property A5TM Test Freguency Yalue Value
Method Imperial Units Mesric Units
Typical Geotextile Propertes E
* Top [ Cap Nenwaven 05261 200,000 =q f EDazfyd®MARY  200g/m7 MARWI 4
» Sorim Reinforced Nomeoven 05261 [ 20,000 m?) E.D oz fyd? MARN 200 g/ m? MARY : :
Bolom Fabsic ).
Bentonite Properties o i o :
# Sweld dex 5890 100,000 k. 24 ml 2 .g min 24 mli 2 g min !
= Moishure Corfent 4643 (50,000 kg 12 % max 12 % max
 Fluid Loz o589 100,000 k. 18 mi mam 18 ml max
= Smechie [Monimarilonit| XRD Perodic BIF% min 0% min
Finiched GCL Properties
# Bendonile MazalUni Arca® 05993 40,000 # (4,000 m7) 075 b= MARY 3,66 ky/m” MAARY
# Temzile Shengii’ D'ETBE 40,000 5 (4,000 m¥) S0 Bdin MARY B.5 kNim MARY
# Pezl Shenghh D' E496 40,000 & (4,000 m7) 1210 Eain YR
» Purmesbifhy 5887 Weekly 52 10¥ cmfz man 5 10" omis max
# lmdex Flur® O 5887 Weekly 1x1Hm¥m¥smar 1210 o¥ms max
DE243 Perodic 500 pesf Typical 24 kP Typical

w Intermal Shear Strength®




The Classic Copy & Paste GCL spec ...

2. The GCL material shall meet the minimum Specification values listed
below:

PROPERTY TEST METHOD | REQUIRED VALUES
Grab Strength ASTM D6768 23 Ibs/in (MD)
Peel Strength ASTM D6496 2.1 Ibs/in (MD)
Permeability ASTM D5887 5x 107 co/sec (max.)
Hydrated Internal Shear __ TVEA AR - R
Strength® ASTM D6243 500 psf (Typ.)

(1) Measure with a minimum confining stress of 80 psi, 77 psi head pressure.
and 75 psi tail pressure.
) Peak value measured at 200 psf normal stress.

- No textile list ... none ... how thick?



Lower Bulk Ratio
See Research Paper from Queens

Roll movement

Higher Peel & Shear Strengths






GCL Cross-Section

Non-Wowen




GCL Cross-Section

Non-Wowen

Woven (Scrim) *

Non-Wowen




GCL Cross-Section

Non-Wowen

Woven

Polypropylene
Coating applied



GCL Cross-Section

Non-Wowen

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).



GCL Cross-Section

Non-Wowen

Woven (Scrim) *

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 ...

2. The GCL material shall meet the minimum Specification values listed
below:

PROPERTY TEST METHOD | REQUIRED VALUES
Grab Strength ASTM D6768 23 Ibs/in (MD)
Peel Strength ASTM D6496 2.1 Ibs/in (MD)
Permeability ASTM D5887 5x 107 co/sec (max.)
Hydrated Internal Shear __ TVEA AR - R
Strength® ASTM D6243 500 psf (Typ.)

(1) Measure with a minimum confining stress of 80 psi, 77 psi head pressure.
and 75 psi tail pressure.
) Peak value measured at 200 psf normal stress.

- No textile list ... none ... how thick?



Double NonWoven Scrim-Reinforced heat treated GCL

Non-Woven

Needle-Punched DAY AR VAR RY FAYE ; .
Non-Woven . NV ALY )T ()Y ) )/ —Bentonite

| “"'/Woven } Scrim-

Non-Woven J Nonwoven

Thermal Lock /

Double Nonwoven GCL
with no scrim-reinforcement and no heat treated GCL

Non-Woven

Needle-Punched

Non-Woven — Bentonite

Non-Woven



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.

Specifications
T
Clay Liners
_ Liner {GCL) = & needepunched, thermally reinforced composie
compeised of & core of natuml Wyoming sodum Eenlonie cley bebween fwo dumble geclesti= lsyers o form = ow
permeshiily hydreulc barrier. The fop layer is & siaple fher ronwoven [N geolexble whils the bollom layer is 8 scim
rerforced ronwoven [SRNIW) geotexfile. The product = iended for seep sopes and high load applicafions where nEessed

ni=mal shear strength is required. Product mlended where susqrade condiions sre mugh in rature, prevent shrnkage below
geomembranes, andior where hydmulic hesd condifions may apply

Troperty ASTM Test Frequency Value Value
Method mperal Units Mesric Units
Typical Geotextile Properties
® Top [ Cap Monwowven 0 5261 200,000 =q A 6.0 oz fyd? MARY 200 g / m? MARYT
® Scrim Reinfurced Nomeod 0 5261 [ 20,000 m?) E.0 azfyd” MARN 200 g m? MARN
Hotiom Fabric
i ———
Benbonite Properiies m s ne
= Swel rdex [ 5850 100, 000 . 24 ml' 2 g min 2 mli'2 g mn
» Moihare Combend 04643 (50,000 kn) 12% max 12 % max
® Fluid Loza B L 100,000 ke 18 mi max 16 ml max
w Smectis (Montnoriloniz] XRD Terndc S min 0% min
Finished GLL Properties
» Benlonile Masa/Unil firea’ 0 5893 00,1000 7 (4, 000 ) .75 s MARY 366 kgim® MARN
* Tenzie Strangtt’ [ ET6E 40,000 # (4,000 w7 30 kbdin MARV 8.5 kNim MARY
» Feel Shengh [ 5496 400,000 B (4,000 ) 120 Eafn 'n'.‘-'.ﬂ'
# Permestbifhy® 0 S8AT Weskly 5x 10 cm'= max 52 1% omis max
 bdex Flur O 3887 Weekhy Tp P mi¥mismar  1x10H m¥nfs max
# letemal Shear Shrength? [ G243 Prrindic 300 pf Typica 24 &P Typica



The Classic Copy & Paste GCL spec ...

2. The GCL material shall meet the minimum Specification values listed
below:

PROPERTY TEST METHOD | REQUIRED VALUES
Grab Strength ASTM D6768 23 Ibs/in (MD)
Peel Strength ASTM D6496 2.1 Ibs/in (MD)
Permeability ASTM D5887 5x 107 co/sec (max.)
Hydrated Internal Shear __ TVEA AR - R
Strength® ASTM D6243 500 psf (Typ.)

(1) Measure with a minimum confining stress of 80 psi, 77 psi head pressure.
and 75 psi tail pressure.
) Peak value measured at 200 psf normal stress.

- No textile list ... none ... how thick?



Where to use GCLs:

Waste

—— Mineral Drainage Layer

— Needlepunched Protection Nonwoven

HDPE Geomembrane

GCL

Subsoil

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:

— Waste

Mineral Drainage Layer

— Needlepunched Protection Nonwoven

—— HDPE Geomembrane

Hydration?

Leachate Collection System

—— HDPE Geomembrane

— GCL

Subsoil



EN 14414 Method D
Synthetic Leachate

A mixture consisting of:

-7.5g/l acetic acid (C,H,0,).

-2.5g/l propionic acid (CH;.CH,.COOH)

-0.4 g/ isobutyric acid ((CH,),.CH.COOH)

-7.0g/ butyric acid ((CH5),.CH,.COOH)

-0.4 g/ isovaleric acid.

-1.8¢g/l valeric acid.

-4.5 g/l hexanoic acid.

-4.0g/ heptanoic acid.

-0.2 g/l glucose.

-0.35g/l  sodium chloride (NaCl).

-0.3 g/l anhydrous sodium sulfate (Na2S04).

-0.1g/l calcium chloride (CaCl,.2 H,0).

-0.2 g/l magnesium sulfate

-0.5g/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).
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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 !!!

e, TN o e

s TV

Lo
Na

Ag pond dane with‘mesh 80 bentonite GOL but:ad0.



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




- Guidelines to follow for
\ Prehydrated GCLs



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

Percent Loss of Peel Strength
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GCL Research / Recent findings

The
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GCL Cross-Section

iy i ) o T ettt bttty Non-Wowen

————————————————————————————————————————————————————————— Non-Wowen

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



Internal Erosion
& overlap opening?!

Why?




4

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

OR USE A SCRIM-RIENFORCED GCL !!!




GCL Cross-Section

Non-Wowen

Woven

Non-Wowen

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



75 s

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



Non-Woven/Woven Coated GCL

Needle-Punched  J 71 B 5 = J \- i _
Non-Woven ( | : \ A : _I___._.--—-Bentonlte

Non-Woven

- Integrated
’ Y /"'"— Woven } g9

_ Connected
—— PP Coating Components

Double Non-Woven
Scrim-Reinforced Coated GCL

— Non-Woven

Needle-Punched i .
Non-Woven / -__——Bentonite

e — . —— —__— Non-Woven Connected

Woven } Integrated
—— PP Coating Components

Non-Woven/Woven Geomembrane GCL

w\ j}t;},))) ‘m ‘{

..__— Bentonite
_~__— Woven

—— Glued (Full or Partial)
Thin Geomembrane

Non-Woven




Remember?!:

Bulk Void Ratio!

Thermally Locked GCL

- :
Moisture uptake by bentonite.

L 2>




GCL Base — 54 weeks HDPE-GCL no cover

Bulk Void Ratio

Lots of free air space
here!

Double NonWoven
GCL / NO Scrim.

w=36%

24

v T

% initial moisture


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

Field Research Conclusions...
Published Papers ... just quickly ...

Effect of method of GCL manufacture

The method of GCL manufacture can impact on engineering properties ranging from shear
strength to diffusion coefficient and hydraulic conductivity (permeability), and the
susceptibility of the GCL to internal erosion as will be discussed subsequently 1n this paper.
Factors affecting these characteristics include the type and mass of bentonite, the initial water
content of the bentonite, the nature of the cover and carrier geosynthetic and whether or not a
nonwoven carrier geotextile 1s scrim reinforced, whether the GCL 1s needle-punched (and if
so the amount of needle-punching), and whether the GCL has been heat burnished.

Table 1: Effect of GCL Structure on Bulk Void Ratio (Confined Swell Test)
Final Bulk Void Ratio, eg
MNeedle-punching: Nao' Yes
[Thermally- treated: N/A No' Yes©
Conlining Stress (kPa) /
6 7.6 5.1 4.0
25 4.0 3.2 3.0
100) 2.6 2.3 22
200 2.0 1.7 1.7
' Petrov etal. (1997); © Lake and Rowe (2000a)




2 separate ponds (same size) — done the same week
One with one type of GCL / one with another
5km apart ... interesting final result !!!

e, TN o e

s TV



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

Rowe and Orsini (2003) examined the behaviour of five different GCLs (see Table 6 for a
definition of the GCLs) over a geonet (opening size of 0.8 cm and a diagonal span of 1.2 cm),
6 mm uniform gravel (dgs = 7mm, dsp = 6mm, d;s = 3.6mm and d;p = 3mm), and sand (dgs =
1.1mm, dsp = 0.17mm, d;s = 0.043mm and d;o = 0.03mm). Their f{indings are summarized in
the following paragraphs.

It was found that when placed on the geonet, four of the five GCLs tested (BWD, NWD,
WD, SNWD; see Table 6) experienced internal erosion (bentonite loss) and an increase in
hydraulic conductivity by at least one order of magnitude for heads ranging from 8 m to 45
m. In contrast the BSNWD scrim-reinforced GCL with a total carrier geotextile mass per unit
arca of 350 g/m” did not exhibit any sign of internal erosion (at heads of up o 55 m).

When placed directly over the 6 mm gravel GCLs with a single woven geotextile (BWD, WD,
and NWD with the woven down) in contact with the geonet and the NWD (with the light
nonwoven geotextile i contact with the geonet) all experienced internal erosion. In these
cases the hydraulic conductivity increased by at least one order of magnitude for water heads
ranging from ~8 m to ~90 m. In contrast, the scrim-reinforced GCLs (SNWD, BSNWD) did
not experience any detrimental effects at hydraulic heads of 40-60 m for the conditions
examined.

—-







GCL: $0.30/sgft to $1.20/sgm

Cheap as borscht to high end GClLs.

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.




Associazione ~ ® Vitaly o 8
Geotecnica I s == I s
Italiana -

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 Ibs/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 ...



Associazione ™ \Vitaly o .
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Premature hydration of GCLs
Guidelines (and guidelines per different types of GCLS).

Percent Lows of Peel Sorength

MNomwoven,Weven vs Nonmwoven)Scrim-Nomwoves (emparison
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Some GCLs can winstand weather
events more than others ...




AGI|

GCLs Winter Storage.

Again ...

different guidelines required per type of GCL ...
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Associazione @ Yitaly
Geotecnica I s
Italiana

Conference
on Geosynthetics

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).



Associazione ~ ® Vitaly o
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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.
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Thank you!
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= Bruno Herlin
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