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MATERI AL FOR CLAY EXTRUSI ON THERETHROUGH

'AND SVEELLI NG

CLAY LI NER | NCLUDI NG CLAY- POROUS | NNER SHEET

FI ELD OF dHE ﬁytl 5
present invention is directed to an inpréagh?$%$g i T e geosynthetic

clay liner that is an effective water barrie‘rogé

wat er contai nnment areas, and for |ining concrete ? surfaces such as
concrete plaza decks, concrete 10 foundation walls, and the |iKke.

particul arly,

clay liner conprising two fabric |layers and an

Mor e

the present invention is directed to a geosynthetic

I nternmedi ate | ayer of

wat er - swel | abl e clay, such as a sodiumnontnorillonite clay, wherein
the two fabric 15 layers are structurally secured to surround an
i nternmedi ate | ayer of clay, in any manner, such as by gl ui ng,

conpression (U. S. 5,584,609) or by sew ng or

10
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CLAY LINER INCLUDING CLAY-POROUS INNER SHEET
MATERIAL FOR CLAY EXTRUSION THERETHROUGH
UPON CLAY HYDRATION AND SWELLING

EIELD QF THE INVENTION
The present invention is directed to an
improved, flexible geosynthetic clay liner that is an
effective water barrier for ponds, lagoons, waste
water containment areas, and for lining concrete
surfaces such as concrete plaza decks, concrete

. foundation walls, and the like. More particularly,

the present invention is directed to a geosynthetic
clay liner comprising two fabric layers and an
intermediate layer of water-swellable clay, such as a
sodium montmorillonite clay, wherein the two fabric
layers are structurally secured to surround an
intermediate layer of clay, in any manner, such as by
gluing, compression (U.S. 5,584,609) or by sewing or
needle-punching the fabric layers together to confine
the clay therebetween. In accordance with the present
invention, one of the fabric layers, in contact with
the pond or lagoon bed, earthen surface, or foundation
wall, includes an open structure that is sufficiently
open to permit the extrusion of the clay therethrough
when the clay becomes hydrated and .swells. The
hydrated clay and some water extrudes through the open

UPON CLAY HYDRATI ON

The

oFggonds, | agoons, waste



needl e- punching the fabric | ayers together to confine the cl ay
t herebetween. In accordance with the present 20 invention, one of the

fabric layers, in contact with t he pond or | agoon bed, earthen surface,
or foundation wal |, includes an open structure that is sufficiently
open to permt the extrusion of the clay therethrough when the cl ay
becones hydrated and swells. The 25 hydrated clay and sone water
extrudes through the open - 2-
fabric structure and contacts an adjacent surface that it is applied
against, e.g., a pond or |agoon bed, - 2earthen surface, or concrete
foundation wall, thereby bl ocking the lateral mgration of water

bet ween the 5 adj acent surface, e.g., concrete foundation wall, and t he
liner to prevent that water fromfinding a path t hrough the surface to

be protected. fabric strucBAGKGEREUNDNEECTHEANNSENTCEML AND: RREORCIRT
Iggdp: 351?2? m' c\l‘é{?gﬁﬂsor‘aﬁﬁiféésagﬁiﬁlgék’ ) g.9e05YPbRg! bt |1didon VBEgh are

earthen surface, or concrete foundation wall, thereby

blocking the lateral migration of water between the

5 adjacent surface, e.g., concrete foundation wall, and

the liner to prevent that water from finding a path

through the surface to be protected.

The present invention relates to clay

10 geosynthetic liners which are used to form water

barriers. The geosynthetic clay liners are useful for

lining a surface for protecting that surface against

the penetration of water therethrough, particularly

for protecting water holding areas, waste water

15 holding areas, concrete surfaces, and the like, such

as horizontal plaza decks and vertical concrete
foundation walls.

The use of water-swellable smectite clay,
such as sodium bentonite, to create a low permeability
20 barrier in landfills and ponds is well known.
Bentonite is a clay material that occurs naturally and
it expands when hydrated upon absorption of water.
When the bentonite absorbs water and expands, it is
capable of forming a barrier with low permeability to
25 water migration if the bentonite is properly
contained. The geosynthetic c¢lay 1liners of the
present invention rely on incomplete clay containment
via extrusion of water-containing, water-swellable
clay therethrough upon hydration to prevent the

30 lateral migration of water under the liners.



barriers. The geosynthetic clay liners are useful for lining a surface
for protecting that surface agai nst the penetration of water

t heret hrough, particularly for protecting water hol ding areas, waste
water 15 hol ding areas, concrete surfaces, and the |ike, such as

hori zontal plaza decks and vertical concrete foundation wall s.

The use of water-swellable snectite clay, such as sodium bentonite, to
create a low perneability 20 barrier in landfills and ponds is well
known. Bentonite is a clay material that occurs naturally and it
expands when hydrated upon absorption ofzwater. When the bentonite
absorbs water and expands, it is capable of formng a barrier with | ow
perneability to 25 water migration if the bentonite is properly
cont ai ned. The geosynthetic clay liners of the present invention
rely on inconplete cl ay Geosymtinetric clayibimexs ysrimanilywedes -eade ai ni ng,

wat er - sel | abl gy op QA HAL NLoYON UPQ KA L.t 0ol Y ot e 30

| at er al n1grat|on OF wat'er under
-3- sheet, surrounding a layer of water-swellable clay.

The primary backing or carrier sheet is normally the

5 more durable material and the liner is often disposed
such that the carrier sheet lies against the surface
to be protected against water penetration. The cover
sheet, also referred to as scrim, is normally less
durable than the carrier sheet. The product,

10 including a layer of water-swellable bentonite clay
disposed between the two sheets (cover sheet and
carrier sheet) is often referred to as a geosynthetic
clay liner or GCL.

In order for the water-swellable clay, such

15 as sodium bentonite, to create an effective water
barrier, it must be properly contained, such as
contained between two sheets - a carrier sheet and a
cover sheet. The bentonite may be held in place by
glue applied to the carrier sheet; by compression of

20 two sheets surrounding a wet layer of bentonite, e.g.,
this assignee's U.S. Patent No. 5,584,609, (hereby
incorporated by reference); by needle-punching the
cover sheet to the carrier sheet; or by stitching the
carrier sheet to the cover sheet, or a combination

25 thereof. The sheets may be manufactured from durable
woven or non-woven materials or sheets that do not
permit the bentonite to migrate through the material.

In accordance with this Assignee's prior

U.S. Patent No. 5,350,255, it is known to manufacture

30 a geosynthetic clay liner, for use in landfills, that
includes an open structure in the fabric edges for



Geosynthetic clay liners primarily are nade with two sheets, e.g., a
carrier sheet and a cover sheet, surrounding a |layer of water-swell able
cl ay. The primary backing or carrier sheet is nornally the 5 nore
durable material and the liner is often disposed such that the carrier
sheet |ies against the surface to be protected agai nst water
penetration. The cover sheet, also referred to as scrim is normally

| ess durable than the <carrier sheet. The product, 10 i ncluding
a layer of water-swell able bentonite clay di sposed between the two
sheets (cover sheet and carrier shee#)-is often referred to as a
geosynt hetic clay liner or GCL. In order for the

wat er - swel | abl e cl ay, such 15 as sodiun1bentonite to create an effective
wat er barrier, |t nmust be Berly contaln such as cont ai ned

bet ween two shBe@Tation. of | ?F efeatay W eESvé:t"’Qsh%%?sY%e'B?s?\tom te
may be held i ncphgckihgrs ovetlap apmd dehdieatkd darther'ztsepatdyt,
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ref erence); byth@eGCéSpuﬁcprﬁgenhewatercpenetghbbvntbnthbecaxﬁa%rogheet or

by stitchi g0 tler, oveildy CraridiCthe [RaibieigveE TABCCIPAY GONRbRS! I ON 25
t her eof . The sheet s, may "be nanufactured from

non-woven nat eCLESED WERHS 0T REORRF riptayY C°‘b@‘?ﬁmemhenbe?ﬁ€%?t5°to

mgrate throughatifeaini ethél low permeability heedsédotidarxelandbilbis

Assi gnee's priqr U.S, Patent No. 5,350,255, it is known to nmanufacture
environment.

In accordance with the prior art, by

10 properly containing the bentonite between two sheets

that do not allow for migration of the bentonite, the

bentonite has been properly contained and, upon

hydration by water, the bentonite will swell and form

an effective water barrier. The geosynthetic clay

15 liners of the present invention, on the other hand,

provide for controlled migration of water-swellable

clay and clay-contained water through an "open" fabric

side to prevent lateral migration of water behind the
liners.

20 SUMMARY OF THE INVENTION
A geosynthetic clay liner (GCL) is provided
that includes a layer of water-swellable smectite
clay, e.g., sodium'montmorillénite, disposed between
a carrier sheet and a cover sheet. An inner sheet,
25 disposed against the surface to be protected against
water penetration - either the carrier sheet or the
cover sheet - is made of material having a more open
structure that allows hydrated bentonite to migrate
through it. The other, e.g., outer sheet, includes a
30 more closed structure and, therefore, precludes
bentonite migration through it. The GCL can be held



30 a geosynthetic clay liner, for use in landfills, that I ncl udes an
open structure in the fabric edges for

-4- m gration of bentonite clay where two geosynthetic cl ay
liners overlap. As indicated in the '255 patent, t he open weave is
confined to the overlap portions of the GCLs to prevent water
penetration in the areas of 5 GCL overlap, and the ngjority of the GCL has
a nore cl osed weave for proper clay confinenent in order to

maintain the | ow perneability needed in a |andfill envi ronnent .

In accordance with the prior art, by 10 sproperly containing the bentonite
bet ween two sheets that do not allow for magration of the bentonite,

t he bentonite has been properly contained and, upon hydrati on by
water, the bentonite will swell and form an effective water barrier.
The geosynt het togeitierisin| amar smapnetie kposdgnt e i Giventvoradees vl Bt her
hand, Provip¢eikahgC AHd Ot1e¢ ®olrtd Ogneét WRheersve! IlYers, by

high pressure compression (45-85 pounds per lineal
inch) of the fabrics tégether surrounding a wet layer
5 of water-swellable clay (e.g., 20-50% by weight water,
based on the dry weight of the clay); or by needle-
punching or stitching the sheet material layers
together surrounding the intermediate clay layer.

Upon hydration, the smectite clay swells to

10 form the barrier. Because the outer sheet or fabric
includes a relatively more closed structure than the
inner sheet, the bentonite is substantially contained

and does not substantially migrate through the outer
sheet. Preferably, the outer sheet material layer,

15 when subjected to a pressure of 54.6 psi, does not
permit migration of wet clay therethrough more  than
about 0.01 gm/cm?’. More preferably less than 0.006
gm/cmz wet clay extrudes through the outer sheet
material layer at 54.6 psi. However, because the

20 inner sheet is more open or is more loosely woven, the
hydrated bentonite substantially migrates through it

in a minimum amount of at least about 0.15 grams (wet
basis) per cm®, preferably at least about 0.2 grams/cm®
when subjected to a pressure of 54.6 pounds per square

25 inch (psi), as described in more detail hereinafter.
The extruded, hydrated clay that migrates through the
inner sheet engages the adjacent surface to be
protected, e.g., a pond or waste water lagoon earthen
"surface or a concrete foundation wall. The

30 substantial migration of the bentonite through the
inner sheet ensures that an effective seal is created,

to protect against lateral water movement between the



clay and cl ay-contai ned water through an "open" fabric side to

| at er al

provi ded

e.g.,
cover

_ m gration of water behind the i ners. 20
SUMVARY OF THE | NVENTI ON

that includes a | ayer of water-swellable snectite

sodium nmontnorillonite, disposed between a carrier sheet
sheet.

An inner sheet, 25 disposed against the surface to be

prot ect ed agai nst wat er penetration - either the carrier sheet

cover

sheet ,

sheet

pr event

A geosynthetic clay liner (GCL) is

cl ay,
and a

or the

is made of material having a nore open structure that
al l ows hydrated bentonite to mgrate - gthrough it. The other, e.g

i ncludes a 30 nore closed structure and, therefore, pr

bentonite mgration through it. The GCL can be held

t oget her

., outer
ecl udes

in any manner known, e.g., by adhesively affixing the clay to

the sheet nutegegBynshetic elay lingylans &beupdiecapkessrbace4tosBepounds
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protected.

The open structure of the inner fabric sheet
may be obtained by employing a looser weave (i.e.,
lower warp yarn count) than the closed structure of
the outer sheet (higher warp yarn count). In
particular, it has been found that the surface of the
inner sheet should have at least about 5%, preferably
at least about 6%, of its surface area as void or open
area. If a non-woven geotextile is used as the inner
fabric sheet material, the weight of the geotextile,
in order to provide at least 5% void or open area in
its surface, generally should be in the range of about
100 g/m® to about 200 g/m?, preferably about 125 g/m’
to about 175 g/m’. However, the basis weight can vary
substantially both above and below the 100 g/m’ to 200
g/m? range,-particularly when perforated or slit to
provide more clay migration, so long as the hydrated
clay extrudes through the open fabric sheet in an
amount of at least 0.15 g/cmz, preferably at least
about 0.2 g/cm® when subjected to a pressure of 54.6
psi. The more open structure of woven inner sheet
materials also may be obtained by a perforation or
slitting process that creates a structure that will
allow for substantial water-swellable clay migration
through it.

The method of using a more loosely woven or
more open inner sheet (e.g., having a lower warp
yarn count) is preferred but the looser weave and
the perforation/slitting methods are alternative
embodiments that are within the scope of the present



i nch) of the fabrics together surrounding a wet layer 5 of

‘water-swellable clay (e.g., 20-50% by wei ght water, based on the dry
wei ght of the clay); or by needle- punchi ng or stitching the sheet
material | ayers t oget her surrounding the internedi ate clay |ayer.

Upon hydration, the snmectite clay swells to 10 formthe barrier. Because
the outer sheet or fabric I ncludes a relatively nore closed 'structure
t han t he i nner sheet, the bentonite is substantially contained

and does not substantially mgrate through the outer sheet .
Preferably, the outer sheet material |aypr, 15 when subjected to a
pressure of 54.6 psi, does not permt mgration of wet clay

t her et hrough nore than about 0.01 gnicnferr]. More preferably |ess

t han 0. 006 gmcnferr] wet clay extrudes through the outer sheet

mat eri al | ayer iaveftiénpsi The Homsedde- puanhxngtr&ndK)perﬁﬂEatinn%ﬁ is nore
open of 1S, mor §14e038LY WiGhad Noare  Sypalen penbanbiapsubstantial |y

m grates throu m ni_ num ano eas about 0 15 grans
(wet basi Q?OEKPtBﬁFéFr]CJ-%Y ef Bkngrs Fadeca¥Witheytt FLvigdatdenierr]
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escribed in nore ereinafte xt rude ated clay that
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hydrated clay migration through the sheet material in
10 an amount of at least 0.15 g/cm’, preferably at least
0.2 g/cm®, when subjected to a pressure of 54.6 psi
(376.5 kN/m®). Regardless of the percent open area,
the inner sheet material layer should extrude at least
0.15 g/cm® of hydrated clay composition (clay and
15 water) when subjected to a pressure of 54.6 psi,
preferably at least 0.2 g/cm®. In contrast, the term
"closed" is meant to indicate a structure that does
not permit bentonite migration therethrough in an
amount of more than 0.01 gm/cn’® at a pressure of 54.6

20 psi, e.g., a tightly woven sheet material layer.

Accordingly, one aspect of the present
invention is to provide a clay liner comprising an
inner sheet material layer, an outer sheet material
layer, and a layer of water-swellable smectite clay

25 therebetween, wherein said inner sheet material layer
includes a more open structure.than the outer sheet
material layer, such that upon hydration of said clay,
the clay extrudes. through the inner sheet material
layer, but not through the outer sheet material layer,



geosynthetic clay liner and the adjacent surface to be pr ot ect ed.

The open structure of the inner fabric sheet may be obt ai ned by

enpl oying a | ooser weave (i.e., 5 | ower warp yarn count) than the cl osed
structure of the outer sheet (higher warp yarn count). In
particular, it has been found that the surface of the I nner sheet
shoul d have at |east about 5% preferably at | east about 6% of its
surface area as void or open 10 area. If a non-woven geotextile is used
as the inner fabric sheet material, the weight of the geotextile,

in order to provide at |east 5% void ot gpen area in its surface,
generally should be in the range of about 100 g/nferr] to about 200
g/merr], preferably about 125 g/nferr] 15 to about 175 g/nferr].
However, the basis weight can vary substantially both above and bel ow
t he 100 g/ nfertp pookéct agaigﬁtdkatérahngégr@aioncufawayemhbatmeemorated

lit t t
ol ay extrudes FARoERBP IS HIBA RS bnd AnONuESy SErpUSERE

clay extrudes t e open eet 1n an anount
0.15 g/cnf err] ther énaezbehegt magsrial layssut 0.2 g/cnferr] when subjected
to a pressure of 54.6 psi. The nore open structure of woven inner

sheet materials al so na% be obtai ned b erforatjion or
er aspect of the ﬁ)esent invention is

5 to provide a plurality of clay liners that can be
disposed against a sloped, vertical, or horizontal
surface side-by-side, without overlap, wherein the
clay liner includes an open fabric disposed against
the surface to be protected against water penetration,

10 such that upon hydration of the clay contained within
the 1liner, the clay will extrude through the open
fabric to stop lateral migration of water that
penetrates to the protected surface £from between
adjacent liners. '

15 The above and other aspects and advantages
of the present invention will become more apparent
from the following detailed description of the
preferred embodiments, taken in conjunction with the
drawings.

20 BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a perspective view of one
embodiment of the clay liner, e.g., geosynthetic clay
liner (GCL) of the present invention;

FIG. 2 is a partially broken-away top view

25 showing a plurality of the GCLs of the present

invention disposed against a concrete foundation wall

or earthen surface applied by overlapping adjacent
GCLs;



slitting process that- creates a structure that wll 25 al l ow for

substantial water-swellable clay mgration through it.
The net hod of using a nore | oosely woven or nore open inner sheet
(e.g., having a | ower warp yarn count) is preferred but the | ooser

weave and 30 the perforation/slitting methods are alternative

enbodi nents that are within the scope of the present

-7- i nvention. The needl e- punching and perforation/- slitting
nmet hods are especially adaptable for geosynthetic clay liners nade
wi t hout gl uing the bentonite to one of -the sheets (i.e., conpression 5
consol i dated or a needl e-punched liner). The |oosely woven and
perforated/slitted nmethods provide the open structure for the inner
sheet and the term "open” is meant to indicate sufficient open area for
ease of hydrat ed cl afIfi-gRaiBod shleugew mhowias: anpluradity nof

the GCLs of the present invention disposed on top of
a horizontal concrete plaza deck applied side-by-side
without overlap;

5 FIG. 4 is a perspective view of another
embodiment of the GCL of the present invention having
an “open” side formed by slitting an inner sheet
material layer to provide at least 5% open area in the
surface of the inner sheet material layer; and

10 FIG. 5 is a perspective view of a slitting
apparatus forming slits in the GCL of FIG. 4.

Like reference numerals will be used to
refer to like or similar parts from Figure to Figure
15 in the following description of the drawings.

FIG. 1 1is an illustration of the
geosynthetic clay liner 10 including an outer cover
sheet 11, a water-swellable smectite clay, e.g.,
sodium bentonite, layer 12 and an inner carrier sheet

20 13. All of the Figures and the description below
depict the cover sheet as the outer sheet when
installed and the carrier sheet as the inner sheet
that is disposed against the surface to be protected,
when installed.

25 The outer or cover sheet 11 is more tightly
woven or has a more closed structure than the inner or
carrier sheet 13. For woven fabrics, the outer or
cover sheet 11 has a higher warp count than the warp



10 an amount of at least 0.15 g/cnferr], preferably at |east 0.2
g/cnferr], when subjected to a pressure of 54.6 psi (376.5 kNFnferr]).
Regar dl ess of the percent open area, the inner sheet material |ayer
shoul d extrude at | east 0.15 g/cnferr] of hydrated clay conposition
(clay and 15 water) when subjected to a pressure of 54.6 psi,

preferably at least 0.2 g/cnferr]. In contrast, the term "closed" is
nmeant to indicate a structure that does not permt bentonite mgration
t heret hrough in an anount of nore than 0.01 gmcnferr] at a pressure of
54.6 20 psi, e.g., atightly woven sheatdo material |ayer.

Accordi ngly, one aspect of the present I nvention is to provide a clay
| i ner conprising an i nner sheet material |ayer, an outer sheet

mat eri al | ayer, and_a | ayer of water-swellable smectite clay 25

t her ebet ween, wRERE Rfs&he ilnner graanmiay ithedthydd, or thecimgRE a nore
open structureghat e Dyt gerebegted, orMBLEE o liaMaudsUph 1dadt upon

nydrat on of Sad ol Skeranty Shasast ARouhuEs LEs Hhtle, A00cgshen
- 8- or open area in the surface, preferably about 8% to
5 about 20%, more preferably about 10% to about 15% void

area in its outer surface. The inner sheet can be

woven; non-woven, particularly a non-woven synthetic

fiber, such as polypropylene; and/or a polymeric sheet

material layer, each of which may be friction enhanced

10 in accordance with this assignee's U.S. Patent No.
5,403,126, hereby incorporated by reference. Non -

woven sheet materials preferably have a weight in the

range of about 100 g/m’® to about 200 g/m?’, at a

thickness of about 1/32 inch to about 1/8 inch, and

15 provide at least 5% open area, preferably at least

about 6% open area, in their outer surface, along the

entire outer surface, more preferably about 125 g/m® to

about 175 g/m® at a thickness of about 1/32 inch to

about 1/8 inch, to provide at least 5% open area along

20 the entire outer surface of the inner sheet material.

Regardless of the percent open area for both

the woven and non-woven inner sheet material layers

13, the inner sheet material layer 13 should be
sufficiently "open" such that it extrudes at least

25 about 0.15 grams/cm® of hydrated clay (clay plus water)
therethrough when subjected to a pressure of 54.6 psi,
preferably at least 0.2 grams/cm® of wet clay, most
preferably about 0.3 gm/cm® to 0.5 gm/cm®. On a dry
weight basis, the amount of clay extruded through the

30 open sheet material layer should be at least about
0.03 gm/cm?, preferably at least about 0.04 gm/cm?,
most preferably about 0.05 gm/cm® to about 0.1 gm/cm®.



to protect against |lateral mgration of water between t he surface being
protected and the outer surface of the inner sheet material |ayer.

Anot her aspect of the present invention is 5 to provide a plurality of clay
| iners that can be di sposed agai nst a sloped, vertical, or horizontal
surface side-by-side, wthout overlap, wherein the clay liner includes
an open fabric di sposed agai nst the surface to be protected agai nst

wat er penetration, 10 such that upon hydration of the clay contained within
the liner, the clay will extrude through the open fabric to stop

| ateral mgration of water that penttrates to the protected surface
from bet ween adj acent |iners. 15 The above and ot her
aspects and advant ages of the present invention will becone nore

t f t he foll d d f t f d
e ments, MIRLHORE BBRPCABRRE ShEek Laaptovifbaotast sib8sgne BicT MM e
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i ner (GCL) € presen is a partially
br oken- avay t Wab@Erew 25 shomnng a plurality of the GCLs of the present
I nvention di sposed agai nst a concrete foundation wall

5 " An illustration of the installation of the
geosynthetic clay liner 10, like the one shown in
FIG. 1, is illustrated against a wvertical, concrete
foundation wall or earthen surface 20 in FIG. 2, and
on top of a concrete plaza deck 22 in FIG. 3.

10 Upon hydration by water, the bentonite layer
12 (preferably about 1/16 inch to about 1/4 inch in
thickness) migrates inwardly through the more open
inner sheet 13 in an amount of at least about 0.15
gm/cm?, preferably at least about 0.2 gm/cm®, and

15 engages the surface 20 or 22 to be protected, as
illustrated in FIGS. 2 and 3. The expanding and
migrating hydrated bentonite composition 12 forms a
seal along the surface 20 or 22 to be protected that
prevents the lateral migration of water along the

20 surface 20 or 22.

" The preferred material for £fabrication of
the inner or carrier sheets is fabric woven £from
polypropylene fibers, such as 80-VOL fabric produced
by Synthetic Industries, Inc. of Chatanooga,

25 Tennessee, which may be then slit or needle-punched,
that extrudes at least 0.15 gm/cm® of hydrated clay
composition when subjected to a pressure of 54.6 psi.
The carrier and cover sheets have a thickness frbm,
for example, about 1/32 inch to about 1/4 dinch,

30 preferably about 1/16 inch to about 1/8 inch, and, to



or earthen surface applied by overl appi ng adj acent CLs;

9- FIG 3 is a side view showing a plurality of t he
GCLs of the present invention disposed on top of a horizontal concrete
pl aza deck applied side-by-side wi t hout overl ap; 5 FI G
I's a perspective view of anot her enbodi nrent of the GCL of the present

I nventi on having an "open" side fornmed by slitting an inner sheet
material |ayer to provide at |east 5% open area in the surface of the
i nner sheet material |ayer; and 10 FIG 5 is a perspective
view of a slitting apparatus formmeslits in the GCL of FIG 4.

DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Li ke
reference nunerals will be used to

10

15

20

25

achieve the full advantage of the present invention,
the inner sheet 13 has a void area of at least about
8% of the surface area.

As shown in FIG. 4, preferably the inner
sheet material layer 13 of the geosynthetic clay liner
10 initially has, or can be provided with, at least 5%
void area in its outer surface, by slitting or needle-
punching to provide slits or holes 24 completely
through the inner sheet material layer 13. The
optional slits or holes 24 can be formed prior to
applying the inner sheet material layer over the clay
layer 12 or, preferably, as shown in FIG. 5, are
applied through the inner sheet material layer 13
after construction of the geosynthetic clay liner 10.
As shown in FIG. 5, a slitting apparatus 26 includes
a rotatable slitting bar 27, that carries a plurality
of slitting knives 28, and the slitting bar 27 can be
rotated via motor 30 to apply a uniform array of slits
24 that are disposed along the entire outer surface of
the inner sheet material 13. The slits 24 preferably
provide at least 5% void or open area in the outer
surface of inner sheet material 1layer 13, more
preferably about 8% to about 15% void or open area.

In the preferred embodiment of the
geosynthetic liner, the inner sheet is a polypropylene
woven material, 80-VOL from Synthetic Industries,
Inc., that extrudes an average of 0.034 gm/cm® at 54.6
psi compared with earlier product from this Assignee
(prior art) that extruded 0.0056 gm/cm® at 54.6 psi.

4



refér to like or simlar parts fromFigure to Figure 15

description of the draw ngs. FIG 1 s an
of the geosynthetic clay liner 10 including an outer

illustration

cover

bentonite,
and the description bel ow

when

di sposed agai nst the surface to be protected,

sheet 11, a water-swellable snectite clay, e.g.,

installed and the carrier sheet as the inner sheet t hat

when install ed.

in the foll ow ng

sodi um

is
25

| ayer 12 and an inner carrier sheet 20 13. Al of the Figures
depi ct the cover sheet as the outer sheet

The outer or cover sheet 11 is nore tighidy- woven or has a nore closed
structure than the i nner or carrier sheet 13. For woven fabrics,
out er

10 -

or

10

15

20

25

cover sheet 11 has a higher warp count than the warp

In order to test the wet clay extrusion or
migration through the open sheet material 13 (see FIG.
1) five identical clay liner samples were prepared
from pieces of a geosynthetic clay liner having a
woven polypropylene sheet material inner layer 13 (80-
VOL from Synthetic Industries, Inc.), and a non-woven
polypropylene, needle-punched outer sheet material
layer 11 (GEOTEX 650 from Synthetic Industries, Inc.)
that sandwich a layer of granular sodium bentonite
clay 12 therebetween such that the total thickness of
the clay liner is 0.8 cm when hydrated and 0.6 cm
prior to wetting (as received after manufacture). The
samples were immersed in distilled water for 72 hours
to completely hydrate the samples.

PENETROMETER TEST PROCEDURE
(CL-700A Pocket Penetrometer And One Inch Clay
Collection Adapter Foot CL-701! From The Soiltest
Products Division Of ELE International)

A. After the appropriate hydration period,
carefully remove the sample from the
immersion tub and place onto a flat, level
surface. -

B. Weigh the clay collection attachment
and record. Attach the c¢lay c¢ollection
attachment (adaptor foot) to the penetro-

The Clay Collection Adaptor is the CL-701 Adaptor
Foot from Soiltest Division of ELE International
having a 11.3 mm diameter hole drilled into the
lower material contacting center for collection
of clay. A 700 psi reading on penetrometer is
54.6 psi because of the lower contact area that
results from the drilled hole.

t he



count of the inner or carrier sheet 13, or the inner sheet 13 is

perforated, or slit to include at | east 5% preferably at |east about
6% up to about 25% void or open area in the surface, preferably about
8%to 5 about 20% nore preferably about 10 to about 15% void area
inits outer surface. The i nner sheet can be woven; non-woven,
particularly a non-woven synthetic fi ber, such as pol ypropyl ene;

and/ or a polyneric sheet material |ayer, each of which may be friction
enhanced 10 in accordance with this assignee's U S. Patent No.

5,403,126, hereby incorporated by refergace. Non- . woven sheet
materials preferably have a weight in the range of about 100 g/ nferr]
to about 200 g/nferr], at a t hi ckness of about 1/32 inch to about 1/8
inch, and 15 provide at |east 5%open area, preferably at |east about

6% open area, in their JRERrs@aceect altdisy PeRetromeer| t@ ot @ﬂlsurface
nore preferably about 12t5oﬂiéﬂﬂ§]tﬁ@ manuf@&ﬁ!&%exl'@ ﬂié’dﬁ{édlcﬁ{s.

t hi ckness of - about /32ééi§ﬁ ﬁ qﬁ de .at | east 5%
open area along 20 “-th ?r%h%uPE?eEEPmﬁE%roPn h§1FHn§P FEEL Ot er i al .
Regardl ess of the per cerﬁtm&memtea(afdaptlmt Ifoot) vishreiwaldy amd topn- woven

i nner she material |ay, r er I 13
shoul d beeg sufficien op@n (Q:’hg‘{' {-]8 ?ﬁéﬁﬁuﬂ © teeggt%%S
about 0.15 grams/cnf err]thﬁ ledmat él;l el §Y°)( caqwans lﬁ@th%r) Holding
theret hrough when subj ecggsl PQn@tEbﬁéEBEevﬁftlﬁ“tI@e Pelay coll@ickfierably at

| east 0.2 grans/cn2 of wet c referably about 0.3 gnicnierr]

to 0.5 gncnferr]. On a%‘?%ﬁCh%enRelaé’ntabéé-lgé‘t t #Ibfo kR BlFecItEFtextruded
through the 30 open shesécimére) i alfdmyeer sheul deeind | epparaltwst

O OR o bl B oL sl 200 hgg, O BRI S hnces i
attachment) into the specimen applying force
as necessary. Continue forcing the
apparatus into the material until the
penetrometer reaches a maximum value (700

15 psi).
D. Record the reading on the scale of the
penetrometer.
E. Carefully pull out the penetrometer and the
clay collection attachment, making sure not
20 to displace any of the clay on or in the
clay collection attachment. Scrape any clay
off the surface of the material within the
cross-sectional area of the clay collection
attachment that extruded during the testing
25 procedure, but that may not have been
collected in the clay collection attachment.
Place this displaced clay in the clay
collection attachment.
F. Carefully remove the clay collection
30 attachment from the penetrometer and weigh
both the extruded clay and the clay
collection attachment.



The nore open inner sheet 13 provides for substanti al m gration of the
bentonite 12 inwardly through the i nner sheet 13 upon hydration of the
bentonite 12 with wat er . 5 An illustration of the
installation of the geosynthetic clay liner 10, |like the one shown in
FIG 1, is illustrated against a vertical, concrete foundati on wall or
earthen surface 20 in FIG 2, and on top of a concrete plaza deck 22 in
FIG 3. 10 Upon hydration by water, the bentonite | ayer 12
(preferably about 1/16 inch to about 1/4 inch in t hi ckness) m grates
inwardly through the nore open i nner 1gheet 13 in an anount of at | east
about 0.15 gnicnferr], preferably at |east about 0.2 gnicnierr], and 15
engages the surface 20 or 22 to be protected, as illustrated in FIGS.
2 and 3. The expandi ng and m grating hydrated bentonite conposition
12 forms a seal Gal onBlagr the felay 20ldeck2ohoabeachmimetad that

collected clay in a drying oven. Dry the
samples for the appropriate time. Reweigh
the samples to determine the moisture
5 content of the sample during the test
procedure.
H. Repeat for a total of five samples.

The amount of clay extruded through the 1 cm?
opening in the clay collection adaptor is shown in the
10 data of the following Table 1:
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5 Sheet material |layer 13 of the geosynthetic clay |iner - 10 initially
has, or can be provided with, at |east 5% void area in its outer
surface, by slitting or needl e- punching to provide slits or holes 24
conpl etely t hrough the inner sheet material [|ayer 13. The 10
optional slits or holes 24 can be formed prior to appl ying the inner
sheet material |ayer over the clay | ayer 12 or, preferably, as shown in
FIG 5, are applied through the inner sheet material |ayer 13 after
construction of the geosynthetic clay liner 10. 15 As shown in FIG 5, a
slitting apparatus 26 includes a rotltable slitting bar 27, that
carries a plurality of slitting knives 28, and the slitting bar 27 can
be rotated via notor 30 to apply a uniformarray of slits 24 t hat
are di sposed along the entire outer surface of 20 the inner shee{ materi al
13. The slits 24 prefer ¥je OBRL¥vi R att9letia®, vOEd oFP8PLALGrea in
the outer emofommemfts' nnef sthet prbeentl liawemtlidn mlliais beenef erabl y

anbodi mont * of LupRERSRS ol ST dr.piidat; aRep Bhoapriegt @ o'

pol ypropyl ene to uhnﬁﬂlahibleél;n8¢hﬁlaftonhsynwhamatuqnammayebe
Inc., that gext g l*?i\&?rﬁ 1‘1‘1@3%&{”8 ér]ofat t§’é1t %nvent@éh conpar ed

with earlier produ rom-t gnee |or at extruded
0. 0056 gnjcn{epppquqggkymsﬁt 1s 1ntended at the scope of the

invention be 1limited solely by the scope of the
hereafter appended claims and not by any specific
wording and the foregoing description.



13 - In order to test the wet clay extrusion or

‘mgration through the open sheet material 13 (see FIG 1) five
identical clay |iner sanples were prepared from pi eces of a
geosynthetic clay liner having a 5 woven pol ypropyl ene sheet material inner
| ayer 13 (80- VOL from Synthetic Industries, Inc.), and a non-woven
pol ypropyl ene, needl e- punched outer sheet materi al | ayer 11 ( GEOTEX 650
from Synthetic Industries, Inc.) that sandwi ch a | ayer of granul ar
sodi um bentonite 10 clay 12 therebetween such that the total thickness of
the clay liner is 0.8 cmwhen hydrated &td 0.6 cm prior to wetting (as
received after manufacture). The sanples were immersed in distilled
wat er for 72 hours to conpletely hydrate the sanpl es. 15
PENETROVETER TEST PROCEDURE (CL- 700A Pocket Penetronmeter And One Inch
d ay Col | HBALoASAGRBIMEDCLSE CL- 7011 From The Soil t est Product s
Division O ELE International) A. After the appropriate

hydration period, 20 car ,renmpve .the .from the
i mrersi on tub and pl ace dnto*% ?I%?°s¥%€%¥tlc Jray liner g nBﬁ iging

B. Wigh then thagr ldeict mabheraalactagesr and an outer asbeetcor d.
Attach the Cla%d%@fﬁ%ﬂ'?&yéé' having a ﬁkﬁ@ﬁhnﬁgt wé@gﬁpéﬁéligﬁié to the

penetro- .
smectite clay disposed therebetween, the improvement

comprising said inner sheet material layer including
a more open structure, across its entire surface, than
the outer sheet material 1layer, such that upon
hydration of said clay, the clay extrudes through the
inner sheet material layer, but not through the outer
sheet material layer.

2. In the geosynthetic c¢lay liner of
claim 1, wherein the inner sheet material layer is a
woven fabric having a uniformly disposed more open
weave than the outer sheet material layer.

3. In the geosynthetic c¢lay liner of
claim 1, wherein the inner sheet material layer is a
non-woven fabric and is homogeneously more permeable
to hydrated clay than the outer sheet material layer.

4. In the geosynthetic clay 1liner of
claim 1, wherein the inner sheet material layer is a
polymeric sheet material layer having holes or slits
such that at least 5% of its outer surface area is
apparent void or open area, such that the inner sheet
material extrudes at least 0.015 gm/cm® wetted clay
therethrough at a pressure of 54.6 psi.

Thlﬁilllillmlil ll‘i““ ~ORRR O A




The C ay Collection Adaptor is the CL-701 Adaptor Foot from

Soiltest Division of ELE International having a 11.3 mm di anet er
hole drilled into the | ower material contacting center for

col l ection of clay. A 700 psi reading on penetroneter is

54.6 psi because of the | ower contact area that results fromthe
drilled hole. - 14 -

nmeter and set the penetronmeter to 0 psi foll owi ng the

manuf acturer's instructions. C. Place the penetroneter and clay
col | ection att achnment (adﬁ%tbr foot) vertically on top 5
of the specinen at the approxi mate center of the 0.1 nferr]
(1.0 ft[err]) square sanple. Hol ding the penetroneter with

the clay collection 5 In tﬁétt ég%?gtﬁgtfbriéﬂgy‘mﬂ¥d%rtookhe t est

specinen, force the €éntire  appara ] i
clay col | ectliagm 2, wherein the outer sheet material layer is a

non-woven fabric.

6. In the geosynthetic clay 1liner of
claim 2, wherein the inner sheet material layer is a
woven fabric having about 8% to about 15% void area,
such that the inner sheet material extrudes at least
0.02 gm/cm® at a pressure of 54.6 psi.

7. In the geosynthetic clay liner of
claim 4, wherein the outer sheet material layer is a
water-impermeable polymeric sheet material layer.

8. In the geosynthetic clay liner of
claim 7, wherein the water-impermeable polymeric sheet
material layer has a friction enhancing material
applied or textured on at least a portion of its outer
surface.

9. In the geosynthetic clay liner of
claim 3, wherein the outer sheet material layer is a
non-woven fabric that extrudes less than 0.01 gm/cm® of
wetted clay therethrough at a pressure of 54.6 psi.

10. In the geosynthetic clay liner of
claim 3, wherein the outer sheet material layer is a
woven fabric that extrudes less than 0.01 gm/cm® of
wetted clay therethrough at a pressure of 54.6 psi.

11. In the geosynthetic c¢lay liner of

claim 3, wherein the outer sheet material layer is a
water-impermeable polymeric sheet material layer.

A

penetronet er and



attachnment) into the specinen applying force as necessary.

Continue forcing the apparatus into the material until the
penetroneter reaches a maxi numval ue (700 15 psi) . D
Record the reading on the scale of the penetroneter.

E. Carefully pull out the penetroneter and the cl ay
collection attachnent, making sure not 20 to displace any of the
clay on or in the clay collection attachnment. Scrape any cl ay
off the surface of the material within the Cross-sectiona
area of the clay collection - 20attachment that extruded during
the testing 25 procedure, but that my not have been
collected in the clay collection attachnent. Pl ace this

di splaced clay in the cl col | ec |on a tach : F
Carefully renove the gi)ﬁay ) 1588 i §Fosy nthe aXttggﬁ‘ﬁ‘Ent °fr om t he
penetroneter ardaim ghll, wherein bbeh tduecexxt r weleereLapeanmgabhe cl ay
col lection att%fthl.%ric sheet material layer has a frictionl® -
enhancing material coated or textured onto at least

a portion of its outer surface.

13. In the geosynthetic clay liner of
claim 1, wherein the inner sheet material layer
includes void or open area in its outer surface of at
least 6% and extrudes wetted clay therethrough in an
amount of at least 0.015 gm/cm®, total weight of clay
and water, at 54.6 psi, and the outer sheet material
has 0-4% void area in its outer surface, and extrudes
wetted clay therethrough in an amount of less than
0.01 gm/cm®, total weight of clay and water, at 54.6
psi.

14. In the geosynthetic c¢lay liner of
claim 1, wherein the inner sheet material layer
includes about 8% to about 15% void or open area in
its outer surface, such that the inner sheet material
layer extrudes wet clay therethrough in an amount of
at least 0.015 gm/cm®, total weight of clay and water,
at a pressure of 54.6 psi.

] 15. In the geosynthetic clay liner of
claim 14, wherein the inner sheet material layer has
a weight of about 100 g/m® to about 200 g/m?.

16. In the geosynthetic clay 1liner of

claim 15, wherein the inner sheet material layer has
a weight of about 125 g/m® to about 175 g/m’.

O A



G  Place the clay collection attachnent and the col | ected
clay in a drying oven. Dry the sanples for the appropriate
time. Reweigh the sanples to determ ne the noisture 5
content of the sanple during the test procedure.

H. Repeat for a total of five sanples. The anmount of
clay extruded through the 1 cnferr] opening in the clay collection
adaptor is shown in the 10 data of the following Table 1

- 21 -

17. In the geosynthetic clay liner of
claim 16, wherein the outer sheet material layer has
a weight of at least about 220 g/m®’, such that the
outer sheet material layer extrudes less than 0.01
gm/cm® wet clay, total weight of clay and water, at a
pressure of 54.6 psi.

18. A method of protecting a surface
against water penetration comprising disposing the
improved geosynthetic clay liner of claim 1 against
said surface, with the inner sheet material layer
disposed thereagainst.

19. A method of protecting a surface
against water penetration comprising disposing the
improved geosynthetic clay liner of claim 11 against
said surface, with the inner sheet material layer
disposed against said surface.

20. A method of protecting a surface
against water penetration comprising disposing the
improved geosynthetic clay liner of claim 12 against
said surface, with the inner sheet material layer
disposed thereagainst.

21. The method of claim 19, wherein the
surface to be protected is concrete.

22. The method of claim 20, wherein the
surface to be protected is concrete.

e



[ err ] _ o - 17 - Wiile only
a selection of specific enbodinents of the present invention has been
illustrated and described, it will at once be apparent to those skilled in
the art that variations my be made within the spirit and scope of the

i nvention. Accordingly, it is intended that the scope of the invention be
limted solely by the scope of the hereafter appended clainms and not by any
speci fic wording and the foregoi ng description.

- 22 -

23. The method of claim 21, wherein the
surface to be protected is an earthen surface,
disposed beneath a water-holding area.

24. The method of claim 22, wherein the
surface to be protected is an earthen surface,
disposed beneath a waste-water holding area.

25. A composite structure comprising a
concrete wall or concrete deck having disposed
thereagainst the geosynthetic clay liner of claim 1,
wherein the more open, inner sheet material layer
contacts the concrete wall or concrete deck.

A



WHAT IS CLAIMED | S: 1.

In a geosynthetic clay

| iner conprising an inner sheet material |ayer and an outer sheet materi al

| ayer having

t her ebet ween,
protected agai nst water penetration.

a layer of water-swell able snectite clay disposed

said inner sheet material |ayer disposed against a surface

t he i nprovement conprising said inner

sheet material layer including a nore open structure, across its entire

surface, than the outer sheet material |ayer, such that upon hydration of
said clay, the clay extrudes through the inner sheet material |ayer,
not through the outer sheet material -1 83er.

the geosynthetic clay liner of
material |ayer is a

open

weave than the outer sheet material |ayer.
ABSTRACT

A geosynthetic clay liner (GCL) is provided
that includes a layer of water-swellable smectite
clay, e.g., sodium montmorillonite disposed between a
carrier sheet and a cover sheet. An inner sheet,
disposed against the surface to be protected against
water penetration - either the carrier sheet or the
cover sheet - is made of material having a more open
structure that allows hydrated bentonite to migrate
through it. The other, e.g., outer sheet, includes a
more closed structure and, therefore, precludes
substantial bentonite migration through it. The GCL
can be held together in any manner known, e.g., by
adhesively affixing the clay to the sheet material
layers, or by needle-punching or stitching the sheet
materials together surrounding the intermediate clay
layer.
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6. In the geosynthetic clay liner of claim2, wherein the inner sheet
material |ayer is a woven fabric having about 8% to about 15% void area,
such that the inner sheet material extrudes at |least 0.02 gmcnferr] at a

pressure of 54.6 psi. 7. In the geosynthetic clay liner of
claim4, wherein the outer sheet material layer is a water-inperneable
pol ynmeric sheet material |ayer. 8. In the geosynthetic clay

liner of claim7, wherein the water-inperneable polyneric sheet materi al

| ayer has a friction enhancing material applied or textured on at |east a
portion of its outer surface. 9. In the geosynthetic clay
liner of claim3, wherein the outer sheet material |ayer is a non-woven
fabric that extrudes less than 0. Ql-geM err] of wetted clay therethrough
at a pressure of 54.6 pSi. =T é L0 the geosynthetic clay liner
of claim 3, wherein t et al | yer is a woven fabric that
extrudes less than 0. (% “ﬁt clay therethrough at a

pressure of 54.6 psi. | At geosynthetic clay |iner of
claim 3, wherein the K i 4 is a water-inperneabl e

pol ymeric sheet mater

nl",','nl":lnll'{: FIG. 4
|
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f1iction enhancing material coated or textured onto at |east a portion; of_y.;,
ace. 13. In the geosynthetic clay liner of gu“’f
claim1l1, wherein the inner sheet material |ayer includes void or open area' 2t

has a

inits outer surface of at |east 6% and extrudes wetted clay therethrought
in an anount of at |east 0.015 gmicnier %3 total weight of clay and water,
a

at 54.6 psi,
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p LAY HYDRATION AND SWELLING

ABSTRACT

A geosynthetic clay liner (GCL) is provided
that includes a layer of water-swellable smectite
clay, e.g., sodium montmorillonite disposed between a
carrier sheet and a cover sheet. An inner sheet,
disposed against the surface to be protected against
water penetration - either the carrier sheet or the
cover sheet - is made of material having a more open
Structure that allows hydrated bentonite to migrate
through it. The other, e.g., outer sheet, includes a
more closed structure and, therefore, precludes
substantial bentonite migration through it. The GCL
can be held together in any manner known, e.g., by
.adhesively affixing the clay to the sheet material
layers, or by needle-punching or stitching the sheet

materials together surrounding the intermediate clay
layer.
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geosynthetic clay liner of claim 14,
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at a pressure of 54.6
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18. A nmethod of protecting a surface against water penetration

“conpri sing disposing the i nproved geosynthetic clay liner of claiml

agai nst said surface, with the inner sheet material |ayer disposed

t her.eagai nst. 19. A met hod of protecting a surface against

wat er penetration conprising disposing the inproved geosynthetic clay |iner
of claim 1l against said surface, with the inner sheet material |ayer )
di sposed agai nst said surface. 2 20. A method of protecting a
surface agai nst water penetration conprising disposing the inproved
geosynthetic clay liner of claim12 against said surface, with the inner
sheet material |ayer disposed thereagainst. 21.. The nethod of
claim 19, wherein the surface tg Mtected is concrete. 22.
The net hod of claim 20, wh ! ffac%oto be protected is concrete.
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- 22 - 23. The nethod of claim 21, wherein the surface to be
protected is an earthen surface, disposed beneath a water-hol ding area.
24. The nethod of claim 22, wherein the surface to be protected is an
earthen surface, disposed beneath a waste-water hol ding area.

25. A conposite structure conprising a concrete wall or concrete deck
havi-ng di sposed thereagai nst the geosynthetic clay liner of claiml,
wherein the nore open, inner sheet material |ayer _contacts the concrete

wal | or concrete deck. REPLACEMENT SHEET
) - 18 -
WHAT IS CLAIMED IS:
1. . In a geosynthetic clay liner comprising an inner shieet material

layer and an outer sheet material layer having a layer of water-swellable smectite clay disposed

therebetween said inner sheet material layer disposed against a surface protected agalnst water

penetration, the improvement comprising said i inner sheet material layer 1nclud1ng a more open
structure, across its entire surface, than the outer sheet material layer, such that upon hydration
of said clay, the clay extrudes through the inner sheet material layer, but not through the outer

sheet material layer. .

2. In the geosynthetic clay liner of
claim 1, wherein the inner sheet material layer is a
woven fabric having a uniformly dlsposed more open
weave than the outer sheet material layer.

3'. In the geosynthetic clay liner of
.claim 1, where;i.n the inner sheet material layer is a
non-woven fabric and is homogeneously more permeable -
to hydrated clay than the outer sheet material layer.

4. In the geosynthetic clay liner of
claim 1, wherein the inner sheet material layer is a
polymeric sheet material layer having holes or slits
such that at least 5% of its outer surface area is
apparent void or open area, such that the inner sheet
material extrudes at least 0.015 gm/cm® wetted clay
therethrough at a pressure of 54.6 psi.
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