LOW PERVEABI LI TY GECSYNTHETI C CLAY LI NER AND METHCD OF MANUFACTURE THEREOF
FI ELD OF THE | NVENTION This invention relates generally to 5 flexible
geosynthetic clay liners for use in creating | ow perneability bottom | ayers
or barriers in waste contai nment sites, nman-nmade bodi es of water and ot her
applications where a | ow perneability, flexible barrier is required. Mre
specifically, 10 this invention relates to a geosynthetic clay liner with
a low or controlled perneability sheet or l|ayer.included within the body of
the geosynthetic clay liner. Still nore specifically, the prlésent invention
relates to a geosynthetic clay liner 15 consistingi®f two exible textile
sheets with at |east one flexible |ayer of bent on| t¢ and a/l ow or
controlled perneability flexi Qleshes. 2 od thar ebetiken.
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barrier for use in landfills &EaE8
VWhile flexible GCLs
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hmade with bentonite provide an effective barrier, 25 wusers of such GCLs

often conplain that the GCLs are not effective enough, i.e. the GCLs do not
provi de sufficiently |ow pernmeabilities under certain circunstances, such
as landfill caps and deep ponds, .. . .. ..... -2- because of | ow

confining stresses_that can practlcally be applied to the GCL as a result

of soil cover thickness |initations. For exanpl e, many state regul ati ons

and 5 project specifications require that the drai nage out of a man-nmade
pond be | ess than 500 gallons per day per acre of pond. This requirenent is
probl ematic for deep pon where the height of the water l®gvel is greater
than 3 feet. In practice, the drainage 10 out of deep pogdg lined with :
conventional GCLs - general ly exceeds several thousand gallo per day per
acre of pond because current LEEtwye perneabilities ranging
cmsec to 1 X
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"
-**”IU?7'EHT§€ET~EGF;E;r, typical GCLs are relatively 15 thin having a

' typi cal thickness of 0.7". Therefore, it would be desirable to provide a
bentonite GCL.with an inproved or controlled perneability. The resulting
GCL would be an ultra | ow perneability GCL used to provide 20 an
-effective barrier against the transmssion of liquids (i.e. with
pernmeabilities |l ess than about 5 x 10-10 cnmisec, preferably | ess than about
1 x 10-[err] cm sec). BRI EF DESCRI PTI ON OF THE | NVENTI 25 The
present invention nakes a significant contribution to the flexible
geosynthetic clay liner art by providing a liner with inproved | ow

permeabi lity characteristics andior controlled perneability
characteristics. Specifically, 3 reviewi ng the construction of the GCL
of the present invention frombottomto top, the GCL includes a flexible
primary carrier sheet with a first flexihle |ayer of bentonite disposed on
top of the primary carrier sheet. A DAsro~QK, i nternediate flexible
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-3 rayér of sheet material or fabric is disposed on top of the first |ayer

‘of bentonite and an optional second flexible |ayer of bentonite is disposed

on top of the mddle or internediate layer. Finally, a 5 top flexible cover
sheet is disposed on top of the second | ayer of bentonite. In the
alternative, the mddle or internediate flexible |ayer of sheet material or
fabric may be di sposed adjacent to the cover sheet 10 or with only a
single | ayer of bentonite disposed between the internediate | ayer and the
primary carrier sheet. Also, the internediate | ayer may be di sposed

adj acent to the primary carrier sheet WABSTRANCT a single |layer of bentonite
di sposed between 15 the internediate |ayer and the cover sheet. The

intermedi ate flexible |ayer can provide inproved | ow perneability
characteristics and confo¥ B GEQSYNTHENILS (CIAY. LINEReci fical |y,
if the intermediate |ayer i B (oF ACTUREhTBEREQRe | nt er nedi at e

sheet may be fabricated froma flexible sheet of plastic materi al

A flexible geosynthetic clay liner with a
low permeability or controlled permeability
intermediate sheet is provided. The liner includes
two outer sheets with two layers of bentonite and an
intermediate sheet disposed therebetween. The
intermediate sheet may be rippled or deformed to
enhance the structural stability of the liner. The
.intermediate sheet may be chosen from a material
with low or ultra-low permeability characteristics
or may be chosen from a material with controlled or
directional permeability characteristics.
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that will not pernit the migratipn of any substantial amounts of | i#4.
Al ternatively,. the. internmedi atgySheet. may be fabricated froma flexible 25
prastiic ;sheet.that wil! permit. {he mgration of small,-controlled amunts

of liquid.  The.internediate |ayer npy also be provided in the formof a

f 1 exi bl «;%/';ioat":i;_r_)g_,_ of " pol )&rrer ,1t he first bentonite layer. Again, an 30
optional”, second Tl exi bl € bentorii'te ayer domy. be di sposed on top of the

“ coat i ng of pol'ymer *nat'eri al ¥ Elrthef, the | ow permeability characteristics -
of the present invention nay be enhanced by constructing the SCL with a
high - -4--swell i_.f-i-n_gj-_,_'{jfl_=_cf§{2; yer-reabi | ity and/or chemically altefed bentonite
clay. The structural stability of the GCL of the préﬁant inﬁntion may al so

be enhanced by using an 5 intermedi ate flexible shee/ of a Corrugayed or
wave- |ike configuration. The ;...;...;;;.;... e e e mavan - -
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be altered chemcally or nechanicgally. in a way to enhance the adherence of
the bentonite to the intermediate layer. If the internmediate layer is in 10
the formof a polymer that is sprayed on or otherw se applied to the first

| ayer of bentonite, the polymer may be chosen so it attains a relatively
rigid structure after it dries, while maipntaining flexibility to the
overall GCL, so it can contribute 15 to—the structural stability of the

flexible GCL as well. It will be noted that the bottom fl exi bl e sheet that
engages the gr-ound is generally known as the primary carrier sheet and that
the top sheet on 20 which landfill material is deposited is generally

known as the cover sheet. These materials nust be flexible to allow the GCL
‘to bend in correspon®ence to the contours and shapes of the surface that it
covers. However, it G al so be noted that the 25 hrimary carrier sheet
and cover sheet may be i dentical fabric there
top or bottom sheet to fg : ward. In any event,

limted to a specific rier sheet material g
cover '
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30 sheet nmaterial. The present ipvention also lends itself to an inproved
met hpd of manufacturing an inproved flexible GCL which conprises the
:followi ng steps. The first |ayer of bentonite, in a granular form 35

powdered form or mxtures, is disposed on top of -5- either a primary
flexible carrier sheet or flexible covef sheet. An internedi ate | ayer of
flexi ble sheet material, in one enbodi t, is disposed on top of the first

| ayer of bentonite. An optional 5 second flexible |ayer of bentonite is

di sposed on top of the internediate sheet material |ayer before either the
cover sheet or the primary carrier sheet is disposed on top of the second
| ayer of bentonite to conplete the®andw ch-type construction of the 10
flexible GCL. Then, the GCL can bdDheld together in a variety of nethods
i ncluding gluing, sewing or needle-punching. G ue can be applied to the

i nside- facing surfaces of the primary and cover sheets as

FIG. 6
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s the internedi ate sheet or
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A flexible geosynthetic clay liner (10) with a low permeability or controlled permeability
intermediate sheet (13) is provided. The liner (10) includes two outer sheets with two layers
(12,14) of bentonite and an intermediate sheet (13) disposed therebetween.. The intermediate
sheet (13) may be rippled or deformed to enhance the structural stability of the liner (10). The
intermediate sheet (13) may be chosen from a material with low or ultra-low permeability
characteristics or may be chosen from a material with controlled or directional permeability
characteristics.
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diagrammatical ly |n t he acconpanyi ng draw ngs wherein:- 5 -PP@&FE'
1 is a sectional—wfewof a flexible geosynthetic clay liner made in

accor dance he resent invention; Figure 2 isyarsectional, view.of
anot her fljﬂmiﬁlm c cl ay i ner made in aé:cor dance 10 - V\wt the
present in |s a schematic |Ilustréthon of one netho
fabricating a def or med |nterned|ate sh to be us di|q3fhexrbfe E;
geosynthetic clay liners nade in accordance with thejpresent 15 |$
invention; Figure 4 is a schematic iléugimation of {ore-method-of~—
nanufacturlng a flexible geosynthetic clay liner in accordance with t.he

present invention, Figure 5 is a schematic illustration of 20 anot her
met hod of fabricatlng a flexible geosynthetic clay liner in accordance with

t he present |nvth|o apd-Egdr ¢18xipie B khetild ¢kkahij rof er
pfefers wsetaedgmtea gﬁ%ﬁ&a&;h%hﬁ g& %?Eh%'e@ | RofpEI¥IhEe rﬂe% |

Tl

a flexible primary carrier sheet;

a first layer of bentonite clay disposed on top of the
primary carrier sheet;

a flexible intermediate Polymeric sheet material layer
disposed on top of the first layer of bentonite gjay:;

a _second layer of bentonite clay disposed on top of the
intermediate polymeric sheet material layer; and

- a flexible cover sheet disposed on top of the second
layer of bentonite clay.

2. The geosynthetic clay liner of
claim 1, wherein the intermediate layer is
fabricated from a sheet of low permeability plastic.

3. The geosynthetic clay liner of
claim 1, wherein the intermediate layer is
fabricated from a liquid polymer spray.

4. The geosynthetic clay liner of
claim'1, wherein the intermediate layer is further

characterized as being a controlled permeability
sheet.

5. The geosynthetic clay liner of
claim 1, wherein adhesive is applied to an upper
surface of the primary carrier sheet to assist in
adhering the first layer of bentonite clay against
the upper surface of the primary carrier sheet and
adhesive is applied to a lower surface of the cover
sheet to assist in adhering the flexible
intermediate layer to the cover sheet.



v

t he'present invention wherein an internedi ate sheet material |ayer

permanent |y adhered directly to the primary carrier sheet, e.g., W | ue,
or pre-adhered as received froma supplier, prior to 30 adding a |layer of
bentonite clay and then the cover |ayer. -7- 1t should be understood
that the drawi ngs are not necessarily to scale and that the enbodi nents are
sonetines illustrated by diagranmatic repmﬁsentatlons and fragnentary
views. 5 In certain instances, details ich are not necessary for an

‘'under standi ng of the p f@@ tails
difficult to perceive %%?Eﬂ@y *d:gg er st ood, of
course, that the invention IS not necessarl I|n1 e to the

particul ar enbodi ments illustrated herein. DETAILED DESCRI PTI ON OF TEE
DRAW NGS Li ke reference nunerals will be used to

FIELD OF THE INVENTION
This invention relates generally to
5 flexible geosynthetic clay liners for use in
creafing low permeability bottom layers or barriers
in waste containment sites, man-made bodies of water
and other applications where a low permeability,
flexible barrier is required. More specifically,

10 ‘this invention relates to a geosynthetic clay liner
with a low or controlled permeability sheet or layer
included within the body of the geosynthetic clay
liner. Still more specifically, the present
invention relates to a geosynthetic clay liner

15 consisting of two flexible textile sheets with at
least one flexible layer of bentonite and a low or
controlled permeability flexible sheet or layer
disposed therebetween.

BACKGROUND OF THE INVENTION
20 The concept of using flexible geosynthetic

clay liners (GCLs) for creating a low permeability
layer or barrier for use in landfills and man-made
bodies of water is well known. While flexible GCLs
made with bentonite provide an effective barrier,

25 users of such GCLs often complain that the GCLs are
not effective enough, i.e. the GCLs do not provide
sufficiently low permeabilities under certain
circumstances, such as landfill caps and deep ponds,




refer to like or simlar parts fromFigure to Figure 15 in the follow ng
description of the drawings. A sectional view of a flexible GCL made in

accordance with the present invention is illustrated in Figure 1.
Specifically, the flexible GCL 10 of the present invention includes a
flexible primary 20 carrier sheet I'l, a first flexible layer 12 of

bentonite, in powdered or granular form preferably in granular form a
flexible internedi ate sheet or |ayer 13,~a?s®cond flexible layer 14 of
bentonite, agaigbgreferab Y. i r for and a flexible 25 cover

in ragula m _
sheet 15. Agai nPSFRUGR| PTpLo ogﬂﬂ {RLRY; fEresses thatican and primary
carrier sheet llpragtieaylycbé &pplieédrtbabpeabtk. ashe retaltedrate | ayer

or sheet 13 as SQSYT éﬁvglggéfcﬂ%gggh%gﬁifgﬁégag to dramatically decrease
Ity .

the effective perngabi rn effect, the GCL 10 as
shown in Figure 1 can be aFoxl exampbde, ppanpabtateyréguiabiens&Chndf the

LL?ﬁLgL?l:?;grn?ﬂf@ﬁécfh§ﬁéc9fié§¥f6n§3requi§eféﬂé%céﬁgddéﬁfﬂééeubﬁ£a I ow
: of a man-made pond be less than 500 gallons per day
per acre of pond. This requirement is problematic
for deep ponds where the height of the water level
is greater than 3 feet. In practice, the drainage
10 out of deep ponds lined with conventional GCLs
generally exceeds several thousand gallons per day
per acre of pond because current GCLs have
permeabilities ranging from 5 x 10™° cm/sec to 1 x
10~7 cm/sec. Further, typical GCLs are relatively
15 thin having a typical thickness of 0.7".

Therefore, it would be desirable to
provide a bentonite GCL with an improved or
controlled permeability. The resulting GCL would
be an ultra low permeability GCL used to provide

20 an effective barrier against the transmission of
liquids (i.e. with permeabilities less than about
5 x 10710 cm/sec, preferably less than about
1 x 10710 cm/sec).

BRIEF DESCRIPTION OF THE INVENTION
25 : The present invention makes a significant
contribution to the flexible geosynthetic clay liner
art by providing a liner with improved low
permeability characteristics and/or controlled

permeability characteristics. Specifically,

30 reviewing the construction of the GCL of the present
invention from bottom to top, the GCL includes a
flexible primary carrier sheet with a first flexible
layer of bentonite disposed on top of the primary
carrier sheet. A middle or intermediate flexible



materi al, such as many plastics that are known in the art. The internediate
Layer 13 may al so be altered chemically or nechanically to enhance the 5
adherence of the bentonite layers 12, 14 to the internediate |ayer 13. The
i nternmedi ate sheet or layer 13 nay be applied in two ways. First, if the

I nternmedi ate sheet 13 is indeed in sheet form the sheet maybe 10 sinply

di sposed on top of the first |ayer of bentgnlte as shown below in Figure 5.
However, if the internmediate layer 13 is a layer of polymer material which

o Sprayed of Ot Eri 95 RAbLETnkRab gy drOEaDl o0l A11LARER HhE L ot

bentonite | ayer rate | ayer
accordance wth PﬁetpeoﬁésgtshéMﬁrlﬂbegthnlteAﬁnddantpphapnaﬁprovenent is

iIlustrated by thgcEhs £9ezPBYA tHyEtQBEebZntéﬂita 1Eh€1§5%539 bacl udes a
carrier sheet 11, a first layer_of™ 20 bentqnite 12, a second_| ayer of

bentonite 14 andteBvef EhSePlﬁgleFBEB%BFerPﬁgléﬁf éGYFFcIUEéEa&IVPeﬁlbIe
rippled or cerrugepedleniplacdbebe sheet 9& aasgasaa ohi ebpeblfaghes t he

structural stabllltxngflgggr6£¥ genggﬁggse the bentonite Iayers 12, 14

In the alternative, the middle or
intermediate flexible layer of sheet material or
fabric may be disposed adjacent to the cover sheet

10 or with only a single layer of bentonite disposed
between the intermediate layer and the primary
carrier sheet. Also, the intermediate layer may be
disposed adjacent to the primary carrier sheet with
only a sihgle layer of bentonite disposed between

15 the intermediate layer and the cover sheet.

The intermediate flexible layer can
provide improved low permeability characteristics
and controlled permeability characteristics. _
Specifically, if the intermediate layer is in the

20 form of a sheet, the intermediate sheet may be
fabricated from a flexible sheet of plastic material
that will not permit the migration of any
substantial amounts of liquid. Alternatively, the
intermediate sheet.may be fabricated from a flexible

25 plastic sheet that will permit the migration of
small, -controlled amounts of liquid.

The intermediate layer may also be
provided in the form of a flexible coating of
polymer over the first bentonite layer. Again, an

30 optional second flexible bentonitellayer may. be
disposed on top of the coating of polymer material.

Further, the low permeability
characteristics of the present invention may be
enhanced by constructing the GCL with a high
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25 “becone very slippery when exposed to water. By providing a flexible
internedi ate sheet or layer, particularly a flexible layer 21, with

ri ppl es, corrugations or other alterations which may be mechanical or
chem cal in nature, a higher 30 frictional surface may be provided to
deter or retard slippage between the bentonite clayxlayers 12, 14 and the
i nternedi ate sheet 21. Chemical or nechanigal alterations of the
intermedi ate | ayer 21 may be used to enhante the adherence of the 35

bentonite layers_1 sult is
a flexible GCL 25 é}}%n?he ﬂp?%gégéggf%ggb?Pd{y cﬁggégéé%gét?I@S %gcussed-
above with respébent@nlhe QI!YlO and also with an inproved structural

stability. 5 ﬁdQJF{-heeurépestabhgﬁ%\dse €he! ¥8ESo#f thent onite
may be selected to enhance t ow perneabi]ity c aracterlstlcs of the GCLs

10, 20. ‘A high SB%#$?%§ l¥3ﬂﬂbé9ﬁe&%¥l?%§°0PecﬁBH?EﬁF y by using an
5 intermediate flexible sheet of a corrugated or wave-

like configuration. The intermediate layer may also
be altered chemically or mechanically in a way to
enhance the adherence of the bentonite to the
intermediate layer. If the intermediate layer is in

10 the form of a polymer that is sprayed on or
otherwise applied to the first layer of bentonite,
the polymer may be chosen so it attains a relatively
rigid structure after it dries, while maintaining
flexibility to the overall GCL, so it can contribute

15 to the structural stability of the flexible GCL as
well. '

It will be noted that the bottom flexible
sheet that engages the ground is generally known as
the primary carrier sheet and that the top sheet on

20 which landfill material is deposited is generally
known as the cover sheet. These materials must be
flexible to allow the GCL to bend in correspondence
to the contours and shapes of the surface that it
covers. However, it will also be noted that the

25 primary carrier sheet and cover sheet may be made of
identical fabric thereby enabling either the top or
bottom sheet to face downward. In any event, this
invention is not limited to a specific primary
carrier sheet material or any specific top cover

30 sheet material.

The present invention also lends itself
to an improved method of manufacturing an improved
flexible GCL which comprises the following steps.
The first layer of bentonite, in a granular form,

35 powdered form, or mixtures, is disposed on top of



altered bentonite clay may be selected. One 10 particularly preferable
type of clay is western bentonite. The |layers of bentonite 12, 14 are
applied tn anounts approximti ng one-half pound per square foot but do not
have to be applied in equal anpbunts. Amounts in each |ayer nay vary between
15 zero and 2 pounds per square foot. Typically, a GCL wi thout an

I nternmedi ate sheet 13 or 21 will have an o erall effective perneability
from1l x 10-7 cmisec to 5 x 10-9 cmsec, d8pending in the confining stress

applied to the 2 5%@& aggo n Eedia t or
Igser such as 13Q FIEEﬁgb e e%ngQEEE%f Q%% an%gf e%H%
per meabi l ity of §PVP§a§Pe§§ Io@maQUSGmedpéﬁﬁ]19NE§e©f flexdbdlel y a

permeability of asnée%.omaQewaaec i oh@SempdRdmEhte AsChespRiskdd ofd
perneability of sggrOX|g$ eké X .10- err cm sec or less at | ow_confining

stresses, thereb rstoday| PRpLoRdfent . AphePticBadedi at e
flexi bl e shests segoha ffabmmbedayeerrbwob)éntahlmbl Qs daspeegledciony! ene, 30

YT oY ene o EoB) 0% £Re" TntR2mbdEatE SRURR! AdRerTAi"105EE k2R ™! 1Y

either the cover sheet or the primary carrier sheet
is disposed on top of the second layer of bentonite
to complete the sandwich-type construction of the

10 flexible GCL. Then, the GCL can be held together in
a variety of methods including gluing, sewing or
needle-punching. Glue can be applied to the inside-
facing surfaces of the primary and cover sheets as
well as the intermediate sheet or layer during

15 construction. Glue may also be applied to the
layers of bentonite.

It is therefore an object of the present
invention to provide a flexible GCL with 1mproved
low permeability characteristics.

20 Yet another object of the present
invention is to provide a flexible GCL with
controlled permeability characteristics.

It is still another object of the present
invention to provide an improved method of

25 manufacturing flexible GCLs.

Other objects and advantages of the
present invention will become apparent upon reading
the following detailed description of the drawings
and appended claims, and upon reference to the

30 accompanying drawings. ‘



Qunces per square yard. If a controlled perneability is desired, other

fl exi bl e sheet or fabric materials that 35 offer conbinations of
controlled or directional - 10 - perneability may be considered for the
i nternmedi ate sheets or layers 13, 21. Such materials include battery
separator fabrics, fabrics used in disposable diapers and protective
clothing. 5 Figure 3 is an illustration of one nethod of
providing a flexible corrugated or ripple |nterned|ate sheet 21. The sheet
21 is fed between an UPPEr g ied D OSSL NG o o  to provide the
ri ppl e or corrugated effect.—3 oved frrethods  of
manuf act uri ng | ow or contrﬁhéeﬂnpenhaanlistyllustrbtedGﬁhre30rahes$0 are

Sheot 11 1 s unr ol Tatt PPaseTRatly] FADEEE Echmpdby FraYarpPnanrt NiE 12 15

i s deposited on VReredRtier 11 as it passes under

5 Figure 1 is a sectional view of a flexible
geosynthetic clay liner made in accordance with the
present invention;

Figure 2 is a sectional view of another
flexible geosynthetic clay liner made in accordance

10 with the present invention;

Figure 3 is a schematic illustration of
one method of fabricating a deformed intermediate
sheet to be used in flexible geosynthetic clay
liners made in accordance with the present

15 invention;

Figure 4 is a schematic illustration of
one method of manufacturing a flexible geosynthe;ic
clay liner in accordance with the present invention;

Figure 5 is a schematic illustration of

20 another method of fabricating a flexible
geosynthetic clay liner in accordance with the
present invention; and

Figure 6 is a schematic illustration of
another prefered embodiment of manufacturing the

25 flexible geosynthetic clay liner in accordance with
the present invention wherein an intermediate sheet
material layer is permanently adhered directly to
the primary carrier sheet, e.g., with glue, or
pre-adhered as received from a supplier, prior to

30 adding a layer of bentonite clay and then the cover
layer.



the hopper 26. The internediate flexible |ayer 13 nay be applied via one or
nore spray nozzles or other nethods of applying a liquid or nolten nateri al
shown generally at 27 before the second 20 | ayer of bentonite 14 is
deposited on top of the internmediate |layer 13 as the partially-fabricated
GCL passes under the hopper 28. Finally, the top flexible carrier 15 is
deposited on top of the second | ayer of beptonite 14 as the GCL passes 25
underneath the roll 29. The method illustrited in Figure 5 enploys the sane
steps except that the 'nteigeghaﬁidsﬁgehnéérbiog o%hq%dtgg t he roII 31 as
opposed to the nozzles 27 as s I n

accordance with dﬁéﬁhéﬁspﬁﬁﬁenptdneﬁgﬁﬁaWQﬂw sp Fnelpresdnthaﬁventlon

shown in Figure gpet aﬁbbaaﬁéaegl aie Ebﬁélt%@ss Bﬁqhs@s%aabyl ayer 13,

preferably a flexible sheet neric nmateria % a polyol efin,
such as pol yet hyRéagragmatic EGPYﬁPSﬁ¥FEH9n5|§nﬁeﬁﬁéﬁﬂﬁp 9erNéPE§ directly
to 5 In certain instances, details which are not

necessary for an understanding of thé present
invention or which render other details difficult to
perceive may have been omitted. It should be
understood, of course, that the invention is not

10 necessarily limited to the particular embodiments
illustrated herein.

" DETAILED DESCRIPTION OF THE DRAWINGS

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.

A sectional view of a flexible GCL made in
accordance with the present invention is illustrated
in Figure 1. Specifically, the flexible GCL 10 of
the present invention includes a flexible primary

20 carrier sheet 11, a first flexible layer 12 of
bentonite, in powdered or granular form, preferably
in granular form, a flexible intermediate sheet or
layer 13, a second flexible layer 14 of bentonite,
again preferably in granular form, and a flexible

25 cover sheet 15. Again, it will be noted that the
cover sheet 15 and primary carrier sheet 11 may very
well be interchangeable. The intermediate layer or
sheet 13 as shown in Figure 1 has the ability to
dramatically decrease the effective permeability

30 of the GCL 10. 1In effect, the GCL 10 as shown in
Figure 1 can be an ultra low permeability flexible
GCL if the flexible intermediate sheet or layer 13



-.11 > the inner surface of the flexible carrier layer 11, or directly to
an inner surface of the flexible cover sheet 15, for exanple, using an
adhesi ve from an adhesi ve sprayi ng on coating device 27, prior to 5
applying the layer 14 of bentonite clay over the |nterned|ate sheet
material |ayer 13 and then overlaying the flexible cover sheet 15 over the
bentonite clay layer 14, to formflexible GCL 50. One of the advantages of
the GCL construction shown 10 in Figurée &i% that when the GCL 50 is

: |l & | rfac of | andfil |l di sposed such
?ﬁg?’ t];rgrteii(?lnglladh%rr’}e%‘ %lf %géjl%ﬂ R pﬁ?‘?rﬁ??‘ﬁeﬁkﬁf Yaterial |ayer
is on the upper mﬁmlmmhtas\mmy@lamatcs hiehatp pere 1nowih adnii C
surface wi || not {acyoentail ntliedtie 146 93 ol (AILQUgL. the upper
he

fabric |ayer) srnce e upper f ACEI ayer i's S i or surface
with a water-i npeHels emmbbv rearechanicallyrte ethancedthei al

| ayer. The pal yrr&ddrfeﬁémé 9O tndBE i aYEIyatd |12 L] SLo e Provent
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The intermediate sheet or layer 13 may be
applled in two ways. First, if the intermediate
sheet 13 is indeed in sheet form, the sheet maybe

10 simply disposed on top of the first layer of
bentonite as shown below in Figure 5. However, if
the intermediate layer 13 is a layer of polymer
material which is sprayed or otherwise applied in
liquid or molten form onto the first bentonite layer

15 12, the intermediate layer 13 is then applied in
accordance with the process shown in Figure 4.

An additional improvement is illustrated
by the GCL 20 shown in Figure 2. Again, the GCL 20
includes a carrier sheet 11, a first layer of

20 bentonite 12, a second layer of bentonite 14 and
cover sheet 15. However, the GCL 20 includes a
flexible rippled or corrugated intermediate sheet or
layer 21 which enhances the structural stability of
the GCL 20 because the bentonite layers 12, 14

25 become very slippery when exposed to water. By
providing a flexible intermediate sheet or layer,
particularly a flexible layer 21, with ripples,
corrugations or other alterations which may be
mechanical or chemical in nature, a higher

30 frictional surface may be provided to deter or
retard slippage between the bentonite clay layers
12, 14 and the intermediate sheet 21. cChemical or
mechanical alterations of the intermediate layer 21
may be used to enhanée the adherence of the

35 Dbentonite layers 12, 14 to the intermediate
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In addition, specific grades or types of
bentonite may be selected to enhance the low
permeability characteristics of the GCLs 10, 20.

A high swelling, low permeability or chemically
altered bentonite clay may be selected. One
particularly preferable type of clay is western
bentonite. The layers of bentonite 12, 14 are
applied in amounts approximating one-half pound per
square foot but do not have to be applied in equal
amounts. . Amounts in each layer may vary between
zero and 2 pounds per square foot.

Typically, a GCL without an intermediate
sheet 13 or 21 will have an overall effective
permeability from 1 x 107 cm/sec to 5 x 1077 cm/sec,
depending in the confining sﬁress applied to the
GCL. The incorporation of an intermediate sheet or
layer such as. 13, 21 will provide a flexible GCL
with an effective permeability of at least as low
as 5 x 10710 com/sec, preferably a permeability of
1 x 10710 cm/sec or less, and more preferably a
permeability of approximately 5 x 10711 cm/sec or
less at low confining stresses, thereby providing a
substantial improvement.

The intermediate flexible sheets may be
fabricated from polyvinylchloride, polyethylene,
polypropylene, nylon or other polymeric compounds.
Such materials normally weigh between 0.5 to 25
ounces per sqguare yard.

If a controlled permeability is desired,
other flexible sheet or fabric materials that
offer combinations of controlled or directional

nto

ayer

ere e pol ymeri c



carri‘er layer 11 or to the inner surface of the cover |ayer 15, for
exanpl e, nelt bonding, or spraying a polyneric nelt onto the inner fabric
10 surface. Al though only two enbodi nents of the present invention have
been illustrated and described, it will at once be apparent to those
skilled in the art that variations may be made 15 wthin the spirit and
scope of the invention. Accordingly, it |§# ntended that the scope of the
invention be limted solely by the scope the hereafter appended cl ai ns

and not by an s .t n esgription.  qs.3. 13

CLAI M5 1. yAn an o%%%5532§?g|@gﬁeggyggﬁégucg§Fa§°gi§§? Rggggﬁe late

wat er - per meabi | | sheetgsorhdaysrs 10. 2% sSucbomptieriads antledebl e primary
carrier sheet; ab%tﬁé&y'§¥65r9E09e9599h5§ ceaprdisrased ef top of the

primary carrier
disposable diapers and protective clothing.

5 Figure 3 is an illustration of one method
of providing a flexible corrugated or rippled
intermediate sheet 21. The sheet 21 is fed between
an upper 22 and lower 23 embossing roller to provide
the ripple or corrugated effect.

10 Improved methods of manufacturing low or
controlled permeability flexible GCLs 30 and 40 are
illustrated in Figures 4 and 5, respectively.
Briefly, the flexible carrier sheet 11 is unrolled
from the roll 25. The first layer of bentonite 12

15 is deposited on the carrier 11 as it passes under
the hopper 26. The intermediate flexible layer 13
may be applied via one or more spray nozzles or
other methods of applying a liquid or molten _
material shown generally at 27 before the second

20 layer of bentonite 14 is deposited on top of the
intermediate layer 13 as the partially-fabricated
GCL passes under the hopper 28. Finally, the top
flexible carrier 15 is deposited on top of the
second layer of bentonite 14 as the GCL passes

25 underneath the roll 29.

The method illustrated in Figure 5 employs
the same steps except that the intermediate sheet 13
is provided by the roll 31 as opposed to the nozzles
27 as shown in Figure 4. _

30 In accordance with another preferred
embodiment of the present invention, shown in Figure
6, the intermediate flexible sheet material layer
13, preferably a flexible sheet 13 of polymeric
material, e.g., a polyolefin, such as polyethylene

35 or polypropylene, is permanently adhered directly to



a flexible internmedi ate polyneric sheet material |ayer disposed on top of
the first layer of bentonite clay; a second | ayer of bentonite clay

di sposed on top of the internediate polyneric sheet material |ayer; and a
fl exi bl e cover sheet disposed on top of the second | ayer of bentonite clay.
2. The geosynthetic clay liner of claim1, wherein the internedi ate | ayer
is fabricated froma sheet of |ow perneabihhity plastic. 3. The
geosynthetic clay liner of claim1, wherein the internediate |ayer is

fabricated fromegndi fiher PLYFREe SOF Whe ‘f1exIBfeU8REY¥IERC AGes! 8y, i ner oOf
claiml1, wherein the internediate |ayer is further characterlzed as being a

control | ed per ne@®Hi Ai¥gcthycto an infer guetacenef| the| Syexihd® of claim 1,

wher ei n adhesi vecoGeBPEhé€t 19, aforPeLimplé| 2GEiRG ahcadhes8Bvy €26 er
sheet to assist in a herlng the fir

irst _layer,of b ntonitg cl ay,agapnst the
upper surface of3RhRUPTFHET ySRERYRY gﬂe%?aﬁﬁﬂgaﬁﬁgé?Ee Ts B%b??e %0 a
| oner surfac® ofappryingethehkayer olassf sbentoniher chayt beet| thebl e
intermediate sheet material layer 13 and then
overlaying the flexible cover sheet 15 over the
bentonite clay layer 14, to form flexible GCL 50.
One of the advantages of the GCL construction shown
10 in Figure 6 is that when the GCL 50 is used, for.
example, on a sloping surface of a landfill cap,
disposed such that the textile/adhered sheet of
flexible polymeric sheet material layer is on the
upper surface, water travelling over the upper
15 fabric surface will not leach bentonite clay out of
the GCL 50 (through the upper fabric layer) since
the upper fabric layer is lined on its interior
surface with a water-impermeable or low permeabi;ity
polymeric sheet material layer. The polymeric sheet
20 material layer will, therefore, prevent moving water
travelling over an upper surface of the GCL from
eroding or entraining the bentonite clay out of the
upper surface of the article. Similarly, if moving
water travels under the GCL 50 of Figure 6, the
25 fabric/adhered polymeric sheet material layer will
be disposed downwardly, so that the lower fabric has
its inner surface adhered to the polymeric sheet
material layer to prevent loss of bentonite clay
through the outer surface of the lowermost fabric
30 layer. '
It should be understood that while Figure
6 shows the flexible carrier sheet 11 being glued to
the polymeric sheet material layer 13 during
manufacture, these two layers could be provided in
35 prelaminated form prior to manufacture, to eliminate



iinter'nedi ate |l ayer to the cover sheet. - 14 - 6. The geosynthetic clay
liner of claimb5, wherein adhesive is applied to the upper and | ower
surfaces of the internediate |ayer to assist in adhering the |ayer of
bentonite clay and the cover sheet to the internediate |ayer. 7. The
geosynthetic clay liner of claim1, further including another |ayer of
bentonite clay di sposed between the |ntern§d|ate | ayer and the cover sheet.
8. The geosynthetic clay |iner of cl ai’l “wherei n an undersurface of the

h highzf i ctional
ngagenent bet webrBePEEFChEF 108 PEER" of 1R eSdbHAER, LB ARREPIERLE: and a
sl opi ng surface afifiking the flexible intexhedilate. pol¥merjeosheehetic clay
e o A maklPLE) MAPEr 7 CkoCknO°F] Q1 bEe CLaYriarCRRYRENY TN the

clay liner in an anpunt
or to the flexible cover layer 15, any other method

5 can be used to permanently adhere the polymeric
sheet material layer 13 to the inner surface of the
carrier layer 11 or to the inner surface of the
cover layer 15, for example, melt bonding, or
spraying a polymeric melt onto the inner fabric

10 surface.

Although only two embodiments of the
present invention have been illustrated and
described, it will at once be apparent to those
skilled in the art that variations may be made

15 within the 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 in the foregoing description.



Q. 25 ‘pounds to about 2 pounds of bentonite clay per square foot. 10. The
geosynthetic clay liner of claim?7, wherein said another |ayer of bentonite
clay is contained in the clay liner in an anount of about 0.25 pounds to
about 2”mmmnm|u)mnumete clay per square foot. - 15 - 11. A nethod of
fabrica ability geosynthetic clay liner of claim1l, the
net hod cdnpfisind tfe fol I owi ng steps: % hpprOV|d|ng a flexible primry

cover sheet; (b) depositing a | ayer of onite clay on top of the primary

carrier sheet; (c) depositing an internggégﬁgxflexible | ayer on top of the
| ayer of bentonite clay; (d) depositing I bl e cover sheet on top of

the internmedi ate flexible Layeran(dnpunovedhfihgxihdecgeesystibetito t he
clay liner comprising:
a flexible primary carrier sheet;
a layer of bentonite clay disposed on top

of the primary carrier sheet;

a flexible intermediate layer disposed on
top of the layer of bentonite clay; and

a flexible cover sheet disposed on top of
the flexible intermediate layer.

2. The geosyﬂthetic clay liner of
claim 1, wherein the intermediate layer is
fabricated from a sheet of low permeability plastic.

3. The geosynthetic clay liner of
claim 1, wherein the intermediate layer is
fabricated from a liquid polymer spray.

4. The geosynthetic clay liner of
claim 1, wherein the intermediate layer is further
characterized as being a controlled permeability
sheet.

5. The geosynthetic clay liner of
claim 1, wherein adhesive is applied to an upper
surface of the primary carrier sheet to assist in
adhering the first layer of bentonite clay against
the upper surface of the primary carrier sheet and
adhesive is applied to a lower surface of the cover
sheet to assist in adhering the flexible
intermediate layer to the cover sheet.

is Sheet Has Been Replaced -

T




primary carrier sheet with the layer of bentonite clay and internediate
layer n. 12. The nmethod of claim1l1l, wherein step (c)

is furth as applying an internmedi ate flexible |ayer of

pol yrner ﬂﬂmﬂ Mﬁﬂmf the | ayer of bentonite clay. 13. The inproved
~flexible ay liner of claim1, having a water permeability of
| ess t han X 10-10 cnmisec, conprising: a flexible primary carrier fabric;

a erX|bIe i nternedi ate Iayer secured to thb Primary carrierlfabric; g
floxi bl e cover fabric o spaed dha SSBRATHEYLE SR TR AT e o 2y, -
16 - 14. The i nprdwadsh fﬂ,emﬂﬂm:gem@}w&ﬂme a.s:lanp]lmenhrtmfthé aippex; having a
wat er permeabilibyg jower surfaces of the intermediate layer to

assist in adhering the layer of bentonite clay and

the cover sheet to the intermediate layer.

7. The geosynthetic clay liner of
claim 1, further including another layer of
bentonite clay disposed between the intermediate
layer and the cover sheet.

8. The geosynthetic clay liner of
claim 1, wherein an undersurface of the primary
carrier sheet has. a high-friction surface to enhance
frictional engagement between the lower surface of
the primary carrier sheet and a sloping surface on
which the liner is installed.

9. The geosynthetic clay liner of
claim 1, wherein the layer of bentonite clay is
contained in the clay liner in an amount of about
0.25 pounds to about 2 pounds of bentonite clay per
square foot.

10. The geosynthetic clay liner of
claim 7, wherein said another layer of bentonite
clay is contained in the clay liner in an-amount of
about 0.25 pounds to about 2 pounds of bentonite
clay per square foot.



of I e€ss than 5 x 10-1 cm sec conprising: a flexible primary carrier sheet;

“a first Iayer—of—bentonrte—c#ay di sposed on top of the primary carrier
sheet; a fI te |l ayer disposed on top of the first |ayer of
‘bentonite c ﬂl !l m&m er of bentonite clay disposed on top of the
|nterned|ate* exible cover sheet disposed on top of the |ayer
of bentonite clay 15. An inproved flexible geosynthetic clay |iner of

claim1 conprising: a flexible primary Taf®i & sheet; a |ayer of bentonite

clay disposed on top of the pripary, carrier_sheet; and fabric lined with
a wat er - i nper neabl e plastiglshe%tm é' E ﬁ??ﬁbgéﬁlﬁﬁ FB% Y%t he | ayer of
bentonite clay, pecheabilithegebsghthesiectlapt tihat 68 ¢tbat@niacthaith the

| ayer of bentonlﬁgf%$ayco%§rlgbﬁ g?ﬁrtﬁaff&&£n§ ggeﬁéner of claim 14,

\maemthe|Mer I at e
(a) providing a flexible primary cover

sheet; .

(b) depositing a layer of bentonite clay
on top of the primary carrier sheet;

(c) depositing an intermediate flexible
layer on top of the layer of bentonite clay;

'(d) - depositing a flexible cover sheet.on
top of the intermediate flexible layer;

(e) attaching the cover sheet to the
primary carrier sheet with the layer of
bentonite clay and intermediate layer disposed
therebetween.

12. The method of claim 11, wherein step
(c) is further characterized as applying an )
intermediate flexible layer of polymer material on
top of the layer of bentonite clay.

13. The improved flexible geosynthetic
clay liner of claim 1, having a water permeability
of less than 5 x 10710 cm/sec, comprising:

a flexible primary carrier fabric;

‘a flexible intermediate layer secured

to the primary carrier fabric;

a layer of bentonite clay disposed on

top of the intermediate layer; and

a flexible cover fabric disposed on

top of the layer of bentonite clay.



characterized as béing a water-inpermeabl e sheet. 17. The geosynthetic clay
i ner of clarmI5—whererm the internediate |ayer is characterized as being

R |11

14. The improved flexible geosynthetic
clay liner of claim 7, having a water permeability
of less than 5 x 1071° cm/sec comprising:

a flexible primary carrier sheet;

- a first layer of bentonite clay
disposed on top of the primary carrier
sheet;

- 16 -

a flexible intermediate layer disposed on
top of the first layer of bentonite clay;

a second layer of bentonite clay disposed
on top of the intermediate layer; and

a flexible cover sheet disposed on top of
the layer of bentonite clay.

15. An improved flexible geosynthetic

clay liner of claim 1 comprising:

a flexible primary carrier sheet;

a layer of bentonite clay disposed on top
of the primary carrier sheet; and '

a fabric lined with a water-impermeable
plastic sheet material disposed on top of the
layer of bentonite clay, such that the plastic
sheet material is in contact with the layer of
bentonite clay.

16. The geosynthetic clay liner of
claim 14, wherein the intermediate layer is further
characterized as being a water-impermeable sheet.

17. The geosynthetic clay liner of
claim 15, wherein the intermediate layer is
characterized as being a water-impermeable sheet.



