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‘L CLAYuPCRCUS | NNER SBEET bl ATERI AL FOR CLAY EXTRUSI ON THERETHROUGH UPON CLAY
BYDRATI ON AND SVEELLI NG FI ELD OF THE I NVENTION 5 The present invention is
directed n i nproved, flexible geosynthetic clay liner that is an
effectlveﬁ%WQ Mmmumwer for ponds, |agoons, waste water contai nnent areas,
and for te surfaces such as concrete plaza decks, concrehﬁ 10
foundati on wabday and the like. More particularly, the present i3f/dili hoi
directed to a geosynthetic clay liner conprising two fabric |ayers and an
internedi ate | ayer of water-swellable-clay, such as a sodium
nmontnorillonite clay, wherein the two fabric 15 layers are structurally
secured to surround an internediate | ayer of clay, in any nmanner, such as
by gluing, conpression (U S. 5,584,609) or by sewi ng or needl e-punching the
fabric layers together to confine the clay therebetmeen I n accordance with

the present 20 i nﬁ}w cgﬁmgg Lﬁlﬁké . f%‘.ﬁﬁé’f with the

pond or |agoon be oy Fx RoUdiE! udes an open

structure that is suffi ol | ALP SRBAPRN AND wﬂfwl on of the clay
t her et hrough when the clay becones hydrated and ,swells. The 25 hydrated

clay and sone water extrudes through the open n~~~~r~~- r 30J Ul 20D2

5 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 1lining concrete
surfaces such as concrete plaza decks, concrete

10 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

15 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

20 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

25 hydrated clay and some water extrudes through the open

A
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b= 2 ‘fabric structure and contacts an adjacent surface that it is applied

against, e.g., a pond or |agoon bed, 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 fromfinding a path through the surface to be protechfd
BACKGROUND OF THE | NVENTI ON AND PRI OR ART The present invention i3dl died
clay 10 geosynthetic liners which are used to formwater barriers. The
geosynthetic clay liners are useful f or lining a surface for protecting

t hat surface agai nst the penetration ef2water therethrough, particularly
for protecting water holding areas, waste water 15 hol di ng areas, concrete
surfaces, and the like, such as horizontal plaza decks and vertical
concrete foundation walls. The use of water-swellable snectite clay, such
as sodi um benE8hFig, sFEP%ﬁQ%ﬁ(?Q?I99ﬁt6§Fﬁe§B|P¢3?°§@tb%9¥f%?elﬁh¢%ndf|IIs

and ponds is wel I1é<rwypu1&$nagamgtl Sea.gQ| aya NpbRAI ar tiajodiccwed, natural |y
and it expands en_t he bentonite

upon_absor wat er .
absor bs wat er QMEEEQp%“ﬁg acgt 9% %%5%5?% ?oY% %Fﬁ%néW%%$fl%? SELERY | ow
perneability bdo2kingt ethem atedraihn migrmelbﬂnbﬁnmaadnsnﬁuuﬁynythentalned
The geosygt he&hﬁa&é&! LhPELSe O té’e pé&ﬁ@f’été ”f’&@ﬁaé’&{aﬁwaff ﬁ‘?”p' ete
clay contai nment via eXirusi oh of° wht er - cont ai ni ng, er-swel labl e cl ay
t her et hr ough Gb@nMﬁRﬁ%ﬂﬁ%ﬁp¥€V®¢%v§h§ttH@tﬁétéﬁﬂm|ﬁk¥4ﬁqgnﬁc@aﬂhter under
the liners. thr%u@hJHheZQﬁgfaca tGEBEYEEbebbﬁeﬂ|ay liners primarily are
made with two sheets, e.g., a carrier eet and a cover sheet, surrounding
a |layer of mater-swellable clay The prlnary backlng or carrier sheet is
normal |y the 5 nor eB2 ROE g if S p RIORI ARTdi sposed such
that the carrier sheet S t et otegt egdh agai nst
wat er penetration. The g‘g\%er%g%lg%?& alrlglg%rll{atflé%?lr ec}:cét:L(l)%'ecaés?ér sc'?clgmglaggnornnl |y
| ess dur 28l e BREAYRKESEALr | binersetwhinhe preduesed 10-9 néPumi nRkETayer of

wat er - swel | abbgrbesigeni tehe| faodiintieead laahyegmnébg 4M0 §§@9&§ f&pver sheet
and carrier sheet%gls often reférred to as, eos nthetic cl | i ner or

GCL. In order 1£8A28né \ﬁé‘tréracﬁ/\EﬁQ%tﬂ@t(ﬁ%ﬁ/’-n% 15s i b%'?’l'ionlte to
create an effenkli weneirdtion 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 1landfills 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 clay 1liners of the

present invention rely on incomplete clay containment

via extrusion of water-containing, water-swellable

clay therethrough upon hydration to prevent the
lateral migration of water under the liners.



., 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 conpression of 20 two sheets
surrounding a wet | ayer of bentonite, e.g., this assignee's U S. Patent No.
5,584, 609, (hereby incorporated by reference); by needl e-punchi ng&thﬁ z@ er
sheet to the carrier sheet; or by stitching the carrier sheet to hélk r
sheet, or a conbination 25 thereof. The sheets nay be nmanufactured from
dur abl e woven or non-woven materials or sheets that do not permt the
bentonite to mgrate through the materi al - In accordance with this
~i ssignee'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, ~ 9 J U~ 2002 - 4 _mgration of
bentonite clay where tweege¥BYREREE| €LRY aflneRErBTHVRFLLY. 288 TRd®cated in
the ' 255 pat epiitht RevPPSHedESY el §.GOR | dtri®rt BRe@ve@ndp pocdbireps of the
GCLs to prevent water_ penetration_ in_the areas ,of 5 C%lag}/erlag and the
maj ority of CRESETL e c?oi@ﬁeﬁeé\fg WS T8 1§ CO%¥ 1 nement in
order to nmai nThien grhiend mw hearkiieabidr tcamcbsiedsheeta 1amiérmdl kyvehennent. I n
accordance w h i 1 r r ni ai ni t nite
bet ween t%o S ggtgsggﬁé%géoﬂ%%?rgﬁogvnﬁo{rgﬂﬁi ig%%%?o%:go?f?%% g%?%%%@e, t he
bent oni t e has Sy&dn fhadpdihy entienahest, L 1D rRIRHRAE | BRe byurkaee, the

bentonite wllkosyel brapdcteanugainttenhtde pehetrpibher . THoecgeesynt hetic
clay 15 liners_of the presen% |nv$nt| on, on the other hand]gl}pr vi de for
e T 8§* ine

control | ed ni §P&EEen BSNaFereshed| &9 & Hd EPayr TNt CARt er
t hrough an "ogderabilabr ithasi deHed aueidr | adlezetd . M grohe onppddwat er behi nd

the liners. 2. ~LARY I | ON t ' { ner (GCL)
IS provi &?d t fia cildnldc ldédRe‘-’ls iaJ%ePyg%g:rﬁﬁ%% 2}9 ésﬂrré%rﬁ'?% %}% e.g.,
sodi um nont nodiispesiede, bdtwpesedret wwon aheaksi efcavrriet shegta @vder sheet.

An inner sheelqr29eti sRESEY dgabpsbntbersptéaceot 9sbg HEOLPRERE: 8gai NSt
wat er penetration - ,either the carrier sheet or the cover sheet - is nade

of material h&P¥gldPREr @Tofféh structure that allows hydrated bentonite to
m grate through it. The other, e.g., outer sheet, includes a 30 nore cl osed

structure and, thereforg, prgeluggs PgOtoRiLe. SLeIRLbeD LiLpUbubh. The oL

can be held
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



"3 0 JUt 2002 - 5 together in any manner known, e.g., by adhesively
affixing the clay to the sheet material |ayers, by high pressure

_ conpression (45-85 pounds per lineal inch) of the fabrics together
surrounding a wet layer 5 of water-swellable clay (e. g., 20-50% by wei ght
wat er, based on the dry weight of the clay) ; or by needlepunchinggggHL 0
stitching the sheet material |ayers together surrounding the intefNRe g¥&
clay layer. Upon hydration, the smectite clay swells to 10 formthe
barrier. Because the outer sheet or fabric includes a relatively nore
cl osed structure than the inner sheet; #he bentonite is substantially
cont ai ned and does not substantially mgrate through the outer sheet.
Preferably, the outer sheet material |ayer, 15 when subjected to a pressure
of 54.6 psi, dqges nqt permt migration .of wet clay therethrough pore than
2bout 0,01 gnTTCAETNGFE B cPEPAHRY EPoct ThaNBEBON i SRETVREIETLG oxt rudes
t hrough the ouflay 3heetsnateriap. | BserindicBte@ prithéoneSerpabentuse t he 20
i nner sheet | p ! ; sely v ntonite

%ngogag?fe?sx@%%% u%% I€§£f—‘1£88 £5Ye M SOeri{;lﬁ Oﬁé{gféf{aﬁé' ?E

substantially myg I'n"a mni num anoun east about
0.15 grams (wshebGEhs)tpepreyvient prater apepehratiant inpbe areagrafs/ cnp

when fSUbi ect edcto oﬂre&flféiﬁ,uraﬁud)ftﬁél-lﬁaj)gﬂﬁw per theudce, dud ehmbpsi ), as
described in gghg etail hereinafter. The ‘extruded, q¥drated clagﬁthat

mgrates thro WaeEr R VPR MO DR 17 1 AERSY o Be
protected, e.gaintajonctios hewt permeabillagyomeedédednswr f barddilh concrete
foundati on ma%hvi¥g%9%gtsubstantial m gration of the bentonite through the
i nner sheet ensures at ‘an effective seal is created, to protect against

| ateral water novenent between the r ~oaa~ zoo2 - 6 geosynthetic

clay liner and the adj agant dHdrdeide® RAUH Olgfd €rior 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
gide 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 montmorillonite, 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



¥

The open structure of the inner fabric sheet nmay be obtained by enploying a
| ooser weave (i.e., 5 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 |east about 5%
preferably at |east about 6% of its surface area as void or open 31DJdlr 88

I f a non-woven geotextile is used as the inner fabric sheet material, the
wei ght of the geotextile, in order to provide at |east 5% void or open area
inits surface, generally should be in the range of about 100 g/nR2 to about
200 g/ n2, preferably about 125 g/ nR2 15 Po-about 175 g/ n2. However, the
basis weight can vary substantially both above and bel ow the 100 g/n2 to
200 g/ n2 range, particularly when perforated or alit to provide nore clay

mgration, so long_as the hydrated clay extrudes through the ppen fabric
sheet in an 260%3&% o:fnatanl}’ealg?m(‘)e.’iS){‘&P(‘f’HQ, Préfer %@’I yacirfe?’e‘ggyabout 0.

2 g/cn2 when atiliix¢atedtte elpyessurchefslhdet faperialhdayers,ofen

structure of n j e Lals al bt al :

perforation omgﬁ té%‘%g%lf%cgé‘é‘g?h% E'glrlea(?lesz-%agnsa% ?’g%ti%r é)%trnh?llg\%?? 25 al |l ow
for substantidhchatef -chel fabt ece| tggetient Forrowmding 3 twetThbayer hod of
ustng a ngre B@°§SE¥rM§WéihéH1é“ET%yﬁR%FghUn§6-§5€eﬁy(ﬁbi 1t WEveRg a | ower

warp yarn count) I.s preferred but, K the | goser weave ‘and 30 the
per f or at i on/ sPREEANPPEtHfodd areeighler Rht £Fh8 SHBYdIimOR LY eed e wi t hin
the scope of phachpiagenbr 3t@tdhing 20A2 _sHeeti ueBérval Theyers

needl e- punchi a erforatian/slittin t had r peci.ally adaptabl e
for geosynthe?ggegggg FPﬁngnﬁéBg kﬁ?h%gFgS S?ﬁétghglginigkgfé to one of
the sheets (i.e., conpression 5 consolidated or a needl e-punched liner).
The | oosely woven and pg?%grﬁ§§g£§ibﬁ;eghgﬁgﬁ@géi@goaiﬂf &be1 ppepostructure

for the inner sheet and e term"open” 1s neant to ndicate_sufficient
open ar ea9f or £8%Te the baFFdedt-ed RAGHRIIR JHR i FH-INrINRAF tPle SMREIC materi al
in 10 an amourhcehidat beasllalilely ethe MlefsiErmaditumasihdh 2cigé cnl, when
subjected to a_pressure of _54.6 psi_(376,5 kKN nP) .. ardl ess, of .the
percent open éPESF ?ﬁ%thn%?es%%g °ﬂé§%r+%]s$%§%$n§h%ﬁﬁ% SR LREEdt | east
0.15 g/cn? of ahyddaieed notaysubmEtposiieldly (g tendHSowg erhe wietes ubj ect ed
0, DL osenr ofieeR, O Pobeo gl ol SOhY Blrkenshol diia) megptyact . (he
bent oni t &5ni gWaeRorPW IS otghai Prassyasurt ob4 ndr #sthala®@DInNgGw cn at a
pressure of 5#e®mit migration of wet clay therethrough more than
about 0.01 gm/cm’. More preferably less than 0.006
gm/cm® 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



" 20 psi, e.g., a tightly woven sheet material layer. Accordingly, one aspect
of the present invention is to provide a clay |liner conprising an inner

_ Sheet material |ayer, an outer sheet material |ayer, and a |ayer of

wat er-swel | abl e snectite clay 25 therebetween, wherein said inner sheet
material |ayer includes a nore open structure than the outer sheet materi al
| ayer, such that upon hydration of said clay, the clay extrudes}@hiodffd t he
i nner sheet material |ayer, but not through the outer sheet nmaterial |ayer,
f 30 JU 20D2 -s to protect against |lateral mgration of water between the
surface being protected and the outer -sérf-ace of the inner sheet nateri al

| ayer. Another aspect of the present inventionis 5 to provide a plurality
of clay liners that can be di sposed agai nst a sl oped, vertical, or

hori zontal surface side-by-side, wthou erl gp, wherein the cl l'i ner

i ncl udes an cuﬁﬁ?sﬂ§5PPElﬁlEbﬁgehl%%%J éﬁﬁéaQDPFEEE BY*E8°Fr 5Ce Fed

agai nst wat er gaeneidtaid.on, 10 such that upon hydration of the clay
contained within the liner, the clay will extrude through the open fabric
to stop lateral mgration of wat er that penetrates to the protected surface
from bet ween adj acent | iTher ©penssthuchbve cofinthatimmendigbeic sheetdvant ages

of the presen&zﬁaﬂvs@t a%leb woaﬁpmfn@paarl%uséf %a@s ftql.kowi ng

detail ed description o prefierred enbodi nents, taken in conjunctlon
with the & awilRyeer 2‘®a’E§RI EFrBESQRPPTI &haor thee SRoReAEtErerure| of,

perspective Vit ofoﬁ@rerm@gme_n(thl@héﬂnevﬁx@/ haRey , cought,) .geosyat hetic
br olen- vyt SFSHSHIEE  SHowrg BoBPUFRREy EBRt: FBSCELETaPct G HPesent
i nvention dlspusﬁd'a@aeﬂsShauddnhHGEeatomadatlaboumlE%orpeafeheblgurface
appl i ed by ovey! apRiRg,adl,ce9! GFlfrs 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 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®
15 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
20 amount of at least 0.15 g/cm’, 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
25 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

30 the perforation/slitting methods are alternative
embodiments that are within the scope of the present



"3 QJU ~00~ g _FIG 3is a side viewshowing a plurality of 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
anot her enbodi ment of the GCL of the present invention having an "open"
side fornmed by slitting an inner sheet material |ayer to provide at | east
S% open area in the surface of the inner sheet material |ayer; lRQggLG
5 is a perspective view of a slitting apparatus formng slits |n t

FI G 4. DETAI LED DESCRI PTI ON OF T8E PREFERRED EMBODI MENTS Li ke reference
nunerals will be used to refer to like @Br-simlar parts fromFigure to
Figure 15 in the follow ng description of the drawings. FIG 1 is an
illustration of the geosynthetic clay liner 10 i ncl udi ng an outer cover
sheet 11, a water-swellable snmectite clay, g., sodiumbentonite, layer 12
and an inner &aBVENEEOBheelThEy fpediq- Rﬁnanﬁgﬁgﬁﬂ%s RRBEPFRLH@BLr i pti on

bel ow depi ct bhete@.&&gr Shehods taeeouteépéaeetlyherada@ﬁtaﬁlleed g6d the
carrier sheet as

t I nner eet is di ose i the s face to be
protect ed, wh&fo°H 5‘F3It€f& ga¥he J()‘El?’é? d"?adz% ?ﬁg%'[ i Fg‘grm? tightly
woven or has bemtonitleosed siraucodfir etrtehaaheetem r(nere .Qr campressibmet 13.

For woveng fabrbﬁ§0133§68§t8£1%rn885f% %ﬁﬁgﬁeéllfﬂér? hlgggr g@g H gount t han

t he warp e i nner carrier eet 13, or
the i nner sheweven anrdpperbereeed/stitred metheds prowide cble epen

preferably at sh%%kuaeo%ﬁ%héaﬂrezame@%d%& OfeAReNopéRe i8 the
0% nore Frefgrabl abou 10% to

surface, preferably about g&%
about 1596v0|He&P§a991?Fglﬁﬁtﬁrs F&&@ntTm?ﬁqwﬁaegh ven;
non-woven, pahydratadlglaynmﬂgmmubonsyhtbeghctnebeheesum@taslwblymropylene;

and/or a, olygﬁrb& geegfngke stlayer, %ﬁPgqéf%fégg?gﬁyaﬁbléééﬁtIOn

enhanced 0O inaccordance with t I's assi 03, 126,
hereby i ncor pér at &f a8y , r whene k] e®edvied ahpressurer iafl SHrefpshbly have

wel ght i n { 8738080k AOUR1A0TLEE Lt ARIpARAY Wperladed i ckness

of about 1/32 inch to about 1/87i nch, .and
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/cnf 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,



' 15 provi de at | east 5% open area, preferably at |east about 6% open area,
in their outer surface, along the entire outer surface, nore preferably
_about 125 g/n2 to about 175 g/nR at a thickness of about 1/32 inch to about
1/8 inch, to provide at |east 5% open area along 20 the entire outer
surface of the inner sheet material. Regardl ess of the percent open area
for both the woven and non-woven inner sheet material |ayers 13, the inner
sheet material |layer 13 should be sufficiently "open" such that |&J%kﬂmbdes
at | east 25 about 0.15 grans/cnR of hydrated clay (clay plus water)

t her et hrough when subjected to a pressuBe-of 54.6 psi, preferably at | east
0.2 grans/cn2 of wet clay, nost preferably about 0.3 gmcn2 to 0.5 gnifcn®.
On a dry weight basis, the anmount of clay extruded through the 30 open
sheet material |ayer should be at | east about 0.03 nich referably at

| east about 0tQ4PFRFERP, aﬁBéPSbr%PE?EBFyméBEﬁF19nOB gHRERS BStHBSHt 0.1

g cng. 3 Otjx'él- FU¥Facel beill pRsteanal andeths heeted 3sprdatdestf or
subst anti al %ratlon of .th benton%;e 12 |nmardly t hrough the inner sheet

13 upon hydr at6n EPthEhﬁg BR€Z1%2 #&¥F water. 5 An illustration of the
installation of the geosynthetic clay liner 10, like the one shown in FIG

1, is illustrated agaln%§diﬁgytd ot KL & f?@&ﬁ@ti eMed bn 0§ geart hen

surface 20 in FIG 2 on top a concrete aza deck 22 1n FIG 3. 10
Upon hydr & i offShyPHRYEde ?héﬂbéﬁﬂjdrﬁ}f eoﬁafé@l’lZ 1nR%S etBBLy @HbUPE1/ 16 i nch

to about 1/4 igighdged m§m@§§) am ST GH &S, Iw@tdbalthrwghoi:ﬂgoﬁeaf open
i nner sheet 13 i an anpynt. o

| east_,abqut C referably at
| east about O0SPTHACENRST ﬂdeBS%aﬁagégtﬁﬁﬁl u?Y%f 8&E§§P é
prot ect ed, ascllalyustiresredinol tdesS. ad apen3. fa‘B:acex@mpbsgd aadaimgtat i ng

hydrated bent gg&iet ﬁu‘E@gEQSJ:&iIS’é‘ n{e%fé‘?i %g%%'st%&ggrtBSnéEEé@?SnZO or 22

to be protect at prevents t at er al ration of “water ong the 20
surface 2@ or spgh ?HétpPEPérhEQrﬁﬁtéﬁlaﬁ Fbe FéﬁYl@@FFéhnG@ vhehiRner or

carrier sheetsgnes {ahet¢ w\éencié?nhﬁ.mwpéﬁ)bﬂc%‘ethtbﬁgﬁ, e hopen 80- VOL
fabric produc&ﬁgﬁy Synthetlc Ing tries, lLnc Cha anooga 25, Tennessee,
whi ch may be 4 t*%r S&84 as dmlgﬁﬁFl Rt r Bles¥aFeFeakPab. 15
gnfcn? of hydpanetretas casposhei qrotert edibjseotfiectet 0 fxopr ebstweenf 54. 6
psi. The carri cgg%rr%heets have a thickness from for exanple, about

"
1/32 inch to &vd 3?%%f4 ifeh - *30 preferably about 1/16 inch to about 1/8
inch, and, to

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 DESCRIPTIQN OF THE DRAWINGS
FIG. 1 1is 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;



~ 0 JU 20Q@ - 12 achieve the full advantage of the present invention, the
i nner sheet .13 has a void area of at |east about 8% of the surface area. As
shown in FIG 4, preferably the inner 5 sheet material |ayer 13 of the
" geosynthetic clay liner 10 initially has, or can be provided with, at |east
5% void area in its outer surface, by slitting or needl epunching to provide
slits or holes 24 conpletely through the inner sheet materi al IayeF #@. Jhe
10 optional slits or holes 24 can be fornmed prior to applying the H L 2002
sheet material |ayer over the clay layer 12 or, preferably, as shown in
FIG 5, are applied through the inner-sBeet material |ayer 13 after
construction of the geosynthetic clay liner 10. 15 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 uni £6Fm &r F8y2oP1de | iew FNaWingds e PdPEROsEY Qfong the
ent:cre B:Jter wz_re(‘j a;m.safoﬁctné;)%fég%tt sh@ﬁnm:erdﬁpds’ﬁedﬂsue sbptsf24 f
preferably provide.at |east 0.VOI r_open area in e.quter surface o
Piner ohewt "t BPEAROPESD: co8ctkbe colparchanh, S bhed oh: 08 Bhofi o455, voi o
or open area. wiftholug pvefrdeped enbodi nent of the 25 geosynthetic liner, the
i nner sheet is a pol ypropyl ene woven material, 80-VOL from Synthetic
| ndustries, Inc., that extrudes an average of 0.034 gmcnR at 54.6 psi
conpared With earlier pFdfuct4f ridm 2hiRSTERECHdE (BEEYr of t32PRERT ext r uded
0|- 0056 gn cn? efiboB4mEnpSHE thﬁ @CﬂhUbfZE)ﬁB prégﬁntniﬁfrdﬂt:_i.biﬁ hlgeinghelz\l/veet N
clay extrusion_or,mgration thtough.the open eet materia see
five identicaP™l a?/p%? ne?lgﬁnpﬁ rg)yprgg%ﬁ:gﬁngr it pil@&?§ o?héet
geosynt heti c chagriahetaparvitg mrdivie et pebgpr 6pybper sheatinatkei al i nner
| ayer 13 (80W I n ti.c I Li-e , -woven
polypropyleneghﬁ%ggggéﬁu%%%e&%gﬁgg%%%ﬁge®a§a?gf%a}ggg§grQ%? (GEOTEX 650
from Synthetic Industries, Inc.) that sandwi ch a | ayer of granular sodi um

bentonitgpl0 clay 12 themehetger £ ysdrdddt fhe F0dwl of hh ckneseing the clay
liner is 0.8 cmwhen hy%rated and ,0.6,cm ?{el %r to _wetti ng (as received
rRerSe &SN d

after nanuf acBEPEF2LHTe LOIM3FGs St ofi £l water for 72
hours to conpletely hydrate the sanples. 15 PENETRO ~~ER TESL PRQ EDURE

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 is 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



" (CL-700A Pocket Penetroneter And One Inch Oay Collection Adapter Foot
CL-7011 From The Soiltest Products Division O ELE International) A After
. the appropriate hydration period, 20 carefully renove the sanple fromthe
i mersion tub and place onto a flat, |level surface. B. Weigh the clay

coll ection attachnment and record. Attach the clay collection 25 attachnent
(adaptor foot) to the penetro The Clay Collection Adaptor is the CL-701
Adapt or Foot from Soiltest Division of ELE International havi gle 4 [?ngl.mznm
dianeter hole drilled into the I ower material contacting center for
collection of clay. A 700 psi readi ng- a0 penetroneter is 54.6 psi because
of the | ower contact area that results fromthe drilled hole. 3 0 JuU
2002 - 14 nmeter and set the penetroneter to O psi follow ng the

manuf acturer s instructions. C. Place the penetroneter and clay collection

attachment (ad&yEsr Glodthe ViermsT T yCariehp hert ther specFhgniBrethe
approxi mate ceyHedit of3the PetribBatéd) bir2)slsduaie bedplde &bl Ueagtt he

penetroneter w,th_the cl col lection.attachnment at righ ngle.to the
t est specinen,%POPES%Fﬁggiﬁt??eﬁ%ﬂﬂﬁu@ﬁ?ﬁ? %g’(B@ng?rgﬁngrEg%dQS?gy

col | ecti on at tcac hopen ) ared oinhéhepesinfareapping feyraiic alsutnegestary.
Conti nue foorci h pp | g[ﬂau%l’i ti e ngLk gnet er
reaches afﬁaxF%%WFVgPﬁé ?ég%uégéiéﬁ%6£y3- Recé?g Fﬁeéégggi%ggoﬁBgﬁe scal e
of the penetr &h&Perin ELt&arefer BYFfacout The poRetr dhastr @R PRe cl ay

col | ection at hwasfBNtnodBivEh S WertiduPdrly 4i sphawevenysghthBeiel ay on or
in the clay cqllectiogn attachnent e agﬁﬁckaﬁ ofi the.sur%acE of the
&% cral® e

. Scra
material w thidthe M6 s§§eB$f%Rﬁﬁpy iof* SPFELE B t achnment
t hat extrudedndurerriglt heyeest eagh 25 pwhocdkdmey, beufribaionagnhahckdve been

col lectedg n the &éééfr&&ﬁ{;léckuii% G\Eﬁfé?hgggf. nELage yt i s é‘%é&&@cﬁﬁ.c' ay in
the clay collection attachnent. F. Carefu ? renove the clay collection 30
attachnment fr&m4Gfo Ixnet RorePEr incPrROTgr oty t Kefexengged cNap-and the

clay collecti qpvahnt aaBBeNhaterials 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/nf 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/cmﬂ

most preferably about 0.05 gm/cm® to about 0.1 gm/cm®.



~0JU 2002 - 15 G Place the clay collection attachnent and the
collected clay in a drying oven. Dry the sanples for the appropriate tine.
Rewei gh 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
anount of clay extruded through the 1 cn2 opening in the clay collection
adaptor is shown in the 10 data of the followi ng Table 1: - 16 TABLE 1
10 Exanpl e No. Area of Contact 30 JUL 2002

- 11 -

The more open inner sheet 13 provides for substantial
migration of the bentonite 12 inwardly through the
inner sheet 13 upon hydration of the bentonite 12 with
water.

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
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/cnf, preferably at least about 0.2 gm/cnf, 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 from,
for example, about 1/32 inch to about 1/4 inch,

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



“ (cnR) Area Qpen for Extrusion (cnR)Mass of Wet Extruded Material (g)Mass of
Dry Extruded Material (g)Misture Content of Extruded Material (% Nornal
Stress

30 JuL 2002

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

5 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

10 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.

15 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

20 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 layer 13, more
preferably about 8% to about 15% void or open area.

In the ©preferred embodiment of the

25 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.



" (kN nm2) Normal Stress (psi)Mass/Unit Area of Extruded Materi al
(g/cnR) 14.071. 000. 310. 06396%876. 554. 60. 31 24. 071. 000. 310. 06387%376. 554. 60. 3l
. 34.071.000. 230. 04427%376. 554. 60. 2344. 071. 000. 450. 08444%376. 554. 60. 4554. 071.
000. 410. 084409876. 554. 60. 41AVERAGE4. 0~1. 00 [0. 34~ 0.06 1419%876.554.60.34 0
Lcr NOON ~ o uu~ aooa Wile only a selection of specifigtﬁﬂﬁodinents
of the present invention has been illustrated and descri bed, I il 2082
once be apparent to those skilled in the art that variations may be 5 nmade
within the spirit and scope of the invention. Accordingly, it is intended
that the scope of the invention be |iiml*d solely by the scope of the
hereafter appended clains and not by any specific wording and the foregoing
descri ption. 3 0 JUu z002 - 18

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
5 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
10 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.

15 EENETROMETER 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,
20 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 clay collection
25 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.



" 1. In a geosynthetic clay liner conprising an inner sheet material |ayer
and an outer sheet material |ayer having a | ayer of water-swell able
snectite clay disposed therebetween, said inner sheet material la er
di sposed agai nst a surface protected agai nst water penetration. the
i nprovenent conprising said inner sheet material |ayer including a nore
open structure, across its entire surface, than the outer sheet3gafgryg
| ayer, such that upon hydration of said clay, the clay extrudes through the
i nner sheet material |layer) but not through the outer sheet nmaterial |ayer.
2. In the geosynthetic clay liner of clm 1, wherein the inner sheet
material |ayer is a woven fabric having a uniformy di sposed nore open
weave than the outer sheet material layer. 3. In the geosynthetic clay
liner of claim1l, wherein the inner sheet material |ayer is a non-woven
fabric and i s honpgeneoB§t@rorRdp&atfeable RENQFFONES®I B9 tthaPSihe outer
tSEeet mat er ihal t layer. 4-fo||liloivﬁﬁggeﬁ§yﬂllhhﬂtfh_@tﬁh:ﬁ¥"tbi B.ﬁtétQ‘_flcﬁti.léhﬁl.l, hvmerei n
e inner sheet material_ .l ayer . is a ner.i ¢ she eri ayer having
hol es or slits such'thaklgFélégﬁ:Hﬁﬁé%eﬁq%Fqﬁnﬁﬁ s%ﬂ%%c%ogi%§t¥ D appar ent
void or open area, suchathathmneeti (aéapsbeefoot] eventiealiydes topl east
0. 015 gnfgn? wetted cl aygt e “g?: : 4 . ~0J U
L 2002 _I9 5. In the gégsgﬁéhéﬁfg C a?i?r% eag%liizo%é'%]tg, C\Aﬂgégi.%fthe out er
sheet material |ayer isthenBnlwbved - -Palfiti t.sguare sampieosyReh@ing cl ay

liner of claim2, whereihet Reeridtdmesthaet wighekthal dianercbsracvpygn fabric
havi ng about 8% to about 15%void area, such that the’ i nner sheet nmaterial

extrudes at |east 0.02 GMEAFPMANT, Rt edsuFiIRF SRS sFO £hg ntedk
geosynthetic clay |iner specimann 4, foheeei ntide entdteshespparseunsal | ayer

is a water-inperneabl e pal L heet terial | r. 8 e
geosynthgpic clay IinerngﬁgﬁgPﬁF§?%Whem%4$}ruaﬁé%ir-in%%iﬂ%ég+%npolyneric
sheet material |ayer hagt&athinentbnizpdadivd mperdmen appdpphgefiooecet ext ur ed
on at least a portion ofgits,QMigss rface.cgntiﬂTéheﬂgygﬂﬁghe{hg clay

a

liner of claim3, wherein the outer sheet materi layer 1s7a non-woven
fabric that extrudes | cSPPRRERUS. OLTFH crilSf MakeEP k| NRthkr eBRRough at a
pressure of 54.6 psi. l1@enkfrbheteeonsddiaid cacmaximumervaifue! avoo 3,
wherein ge out er sheet ggserial | ayer is a woven fabric that extrudes |ess
than 0.0I gm cn? of wet £ Cclay therethrough at a pressure of 54.6 psi. 11.
I n the geosynt heti ®.cl aRelciomdr thecl|xgadinig wiesr ethet ecadigt eofsheke materi al

| ayer is a mater-inperngggggrgﬁgzggnic sheet material |ayer

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.



"3 0 JIJI 2D0? - 20 12. In the geosynthetic clay liner of claim1l, wherein
the outer water-inperneable polyneric sheet nmaterial |ayer has a friction

. enhancing material coated or textured onto at |east a portion of its outer
surface. 13. In the geosynthetic clay liner of claim1, wherein the inner
sheet material |ayer includes void or open area in its outer surface of at
| east 6% and extrudes wetted clay therethrough in an anobunt of at | east
0.015 gmcnR, total weight of clay and water, at 54.6 psi, and 2@6“&UM@&
sheet material has 0-4%void area in its outer surface, and extrudes wetted
clay therethrough in an anount of |ess Ihan 0.01 gmcnR, total weight of
clay and water, at 54.6 psi. 14. In the geosynthetic clay liner of claiml1,
wherein the inner sheet material |ayer includes about 8%to about 15 %void
or open area in its outer surface,_such that the inner sheet material |ayer
extrudes wet clay Cher etHPEEgRRENCLRY sfRtRCiGfom @ btestmegtoasdgkhene, tot al
wei ght of clay and wat ercoldlectad asldy einf aS4roipg .ovkn. | Dipethe
geosynthetic clay |iner of Iai@ %4T:wherein t he énn@r shee% mat eri al | ayer
has a wei ght of about 16§ AR R P65 T th eﬁ@bgbnthetic
clay liner of claim 15, thieer siamples | ter délermine erthé |mpésthas a wei ght
of about ¥25 g/nR2 to ab g/4E2. 3 2 1221 7. t he
geosynthe%ic cl ay IinerQ%%n%%ginﬁ%g,t eer%?ﬁp?%e gggéﬁgshgg% n%%gFial | ayer
has a wei ght of at | easPTRSEGUTE20 g/ nz, such that the outer sheet materi al
| ayer extrudes | esdl.t harePe@lt Foircar twelalclofy fitvet alamplieght of clay and
water, at a pressure of 54.6 psi. 18. A nethod of protecting a surface

agai nst water penetration conprising disposing the inproved geosynthetic
clay liner of claim1l afhensmosatdot rlfayc@xtuudedt hbronglertiwhdetcntat er i al

| ayer di sposedpehengagal gk cidy AIRINAGORABRELECELNEndwAVLhAEReaTaI NSt
wat er penetration cdnprisin I'sposi ng _the i nproved geosynthetic clay |iner
of clai mP1 agdatascisshe §@&ﬂ§@@ﬁgwﬂﬁ lend :j nner sheet material |ayer

di sposed agai nst said surface. 20. A nethod of protecting a surface agai nst
wat er penetration conprising disposing the inproved geosynthetic clay |iner
of claim 12 against said surface, with the inner sheet material |ayer

di sposed t hereagai nst.



~ 21. The nethod of claim 19, wherein the surface to be protected is
concrete. 22. The nethod of claim 20, wherein the surface to be protected
_is concrete. 30JUI 2002 - 22 23. The nethod of claim 21, wherein the
surface to be protected is an earthen surface, disposed beneath a

wat er - hol di ng area. 24. The nethod of claim 22, wherein the ?@JE ﬁ\ to be
protected is an earthen surface, disposed beneath a wast e- Ul 03 ng
area. 25. A conposite structure conpri si ng a concrete wal | or concrete deck

havi ng di sposed t her eagarnst—the—geogyntrtrettcyct mer of claima1l,
wherein the nore open, |¢iner°§hee mdt erji all | ayef cpntjacts the concrete
wal | or concrete deck. .g[m A% Al AzAanA Al A AS[ - A |As. A hL2
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8109B&’ () - p i‘lfi&%%@p%i f(’j()/g& 5—3\ §8pitent

SL' S&10%& ()4:'09 tﬂioﬁ&)%km@edFlhp tsl‘fe 1908 " &h@): I’Tv'ahsl’at]:.@:%q &y - be

'N 10% " (58 (hialde@8n & (Lpk spirit and scope of the invention.
Accordingly, it is intended that the scope of the
invention be limited solely by the scope of the
hereafter appended claims and not by any specific
wording and the foregoing description.
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WHAT IS CLAIMED IS:
1. In a geosynthetic clay liner comprising an inner sheet 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 against water

penetration, the improvement comprising said inner sheet material layer including 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 disposed more open
weave than the outer sheet material layer.

3. In the geosynthetic c¢lay 1liner 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.
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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 c¢lay 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 c¢lay 1liner 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 clay liner of
claim 3, wherein the outer sheet material layer is a
water-impermeable polymeric sheet material layer.
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claim 11, wherein the outer water-impermeable

polymeric sheet material layer has a friction

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/cnf, total weight of clay and water, at 54.6
psi.

14. In the geosynthetic clay 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 c¢lay 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 liner of
claim 15, wherein the inner sheet material layer has
a weight of about 125 g/m® to about 175 g/m’.
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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.
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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.



