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an important feature of such liners that they be capable of being rolled up
into a carpet-like form, BACKGROUND AND SUMMARY OF THE INVEN-
so that installation can take place in an expedited TION
manner. The stresses introduced to connections 5   between fabric layers as
a result of the rolling up of The present invention relates to liners which
the liner during the manufacturing process, results are used to form an
impermeable barrier as shown,  in significant stresses upon the interfabric
connec- for example, in EP-A-0 362 193. In particular, the  tions. After a
needlepunched liner has been rolled invention relates to an improved liner
which is    and unrolled, the needlepunched connections may capable of
being used on steep slopes. Liners for  10  not have sufficient strength to
resist the expansion which the present invention has particular applica-
of the bentonite layer, or to withstand shear stress tion are those which
incorporate a layer of swel-  on a slope. lable clay, such as bentonite.
Bentonite-based liners have found significant The present invention is in
the nature of an    acceptance for use in preventing groundwater con-
improvement to liners like that shown in US-A-   15  tamination. Bentonite
liners have been used suc- 4,501,788, in which a layer of granular
bentonite is  cessfully in hazardous waste and municipal solid enclosed
between two flexible sheets. In such lin-  waste landfills. An important
consideration in the ers, a water-soluble adhesive is used to attach the
construction of such landfills is the slope angle of bentonite particles to
a geotextile. The geotextile  the excavation. For a given area,
significantly great- used will depend upon the application, but are  20  er
landfill volume can be achieved by the use of preferably comprised of at
least one woven poly-   steeper slopes. The use of steep slopes allows
propylene geotextile. Other fabrics include non-   more efficient use of a
particular landfill site. woven fleece-like geotextiles and lightweight
poly-    Similarly, clay liners are often used in tank ester net-like
scrims.                             farm applications in which berms or
excavations Bentonite clay upon hydration tends to expand   25  are formed
with sloping sides. Steeper slopes in and become a highly impervious
material. How-      tank farm applications allow more efficient use of
ever, like most other clays, exposure of bentonite  real estate. to water
causes it to become very slick, greatly       Accordingly, it is an aim of
the present inven- reducing the ability of the clay to withstand shear
tion to provide an improved bentonite liner which stresses. As a result,
use of clay liners on slopes   30   may be used to form an impervious
barrier along a must be restricted to those having relatively shal-
relatively steep slope. low angles.
Another aim of the present invention is to pro- Some manufacturers of clay
liners have at-      vide a bentonite liner which does not allow for the
tempted to create shear resistance in clay liners by  migration of liquid
through the liner. needlepunching connections between fabric layers  35  It
is a further aim of the present invention to through the bentonite layer.
However, these sys-   provide a liner which has significantly improved tems
have two distinct disadvantages. First, the   resistance to shear stresses.
strength of the connection formed by needlepun-        With these aims in
view, the invention starts ching fibers is low. In some cases, the
expansion  from what is shown in EP-A-0 362 193, on which force of the
hydrated bentonite is sufficient to  40  the preamble of claim 1 is based,
and is directed break the needlepunched connections. Second,       to a
liner having the characterising features of needlepunched fibers form a
path for capillary mi-  claim 1. Preferred features of the liner are dis-
gration of water through the bentonite layer.      closed in the subsidiary
claims. Manufacturers of needlepunched liners have         The lateral
spacing of the rows of stitching will attempted to rely upon needlepunched
connections   45  depend upon the degree of shear resistance re- to retain
the bentonite between the fabric layers in  quired by a particular
application. However, it is an effort to avoid the use of adhesive bonding
of  preferable that the rows be spaced approximately the bentonite to a
fabric layer. Such heavy reliance  two inches apart. The rows should extend
along the upon the needlepunched connections for both ben-   length of the
liner. tonite retention and shear resistance has resulted   50  The
advantages of the invention will become in problems with both delivery and
performance of  more apparent upon a reading of the following such
products. Needlepunching is generally inad-   specification, read in
conjunction with the accom- equate as a sole means for retaining bentonite
panying drawings, in which: between two layers of fabric. The bentonite
tends     Figure 1 is a perspective view of a slope to to migrate laterally
unless it is held in place by   55  which the liner of the present
invention has been means such as adhesive bonding. The integrity of
applied; the needlepunched connections is further compro-      Figure 2 is
an enlarged perspective view of a mised by the flexible nature of bentonite
liners. It is  portion of the liner of the present invention; and 2 



3                 EP0490529B1                        4 Figures 3 and 4 are
sectional views showing the  stitches will assume a spiral configuration
around advantage of using a liner of the present inven-  the axis of the
roll. When unrolled, the rows 14 will tion.
extend up and down the sloped subgrade 10. With the rows 14 of stitching
extending up and down the DETAILED DESCRIPTION OF THE DRAWINGS           5
slope, shear stresses from the cover soil 18 are better transferred between
the geotextiles 22 and Figure 1 is a perspective view which shows a    24
through the bentonite layer 20. prepared subgrade 10 with a sloping central
portion    Figures 3 and 4 show more clearly the advan- 30 and flat upper
and lower portions 32 and 34.    tages of the present invention. The dotted
line 40 The slope shown in Figure 1 is typical of those  10  in Figure 3
shows the outline of a liner applied at a which are used in both landfill
and tank farm ap-  steeper slope than the one along line 42. The
plications. Liners 12 are applied to the sloping   hatched area 44 shows
the increases available prepared subgrade 10, with overlapping seams 16.
volume resulting from the use of a liner of the Rows 14 of stitching are
shown schematically as    present invention. Because of the slick nature of
dotted lines in Figure 1. The spacing of the rows   15  bentonite after it
is hydrated, slopes employing 14 is discussed in more detail later. The
upper    bentonite liners have generally been restricted to ends of the
liners 12 are placed in a trench 15, and  those with a 4:1 slope. A liner
applied along the cover soil 18 is applied on top of the overlapping  line
42 in Figure 3 is shown with a slope of ap- liners 12. Figure 2 is an
enlarged view showing in  proximately 4:1. greater detail the construction
of the liner 12 of the   20  Figure 4 shows the advantage of using a steep-
present invention. The liner is comprised of an    er slope in tank farm
applications. By using a slope upper geotextile 22, and a lower geotextile
24,    of about 1.2:1, as shown in Figure 4, the radius of preferably made
of a woven, non-biodegradable      the excavation can be reduced by the
length L. As propylene. The stitches 17 are at a frequency of   a result,
storage tanks can be spaced closer to- approximately 3 stitches per inch,
and the rows 14   25  gether, resulting in more efficient use of land area.
are spaced approximately 2 inches apart. As can    The increased volume
available for fill in landfill be seen from Figure 1, the rows 14 extend
along    applications and the more efficient use of land area the length of
the liners 12. The parallel rows 14 of  in tank farm applications can be
achieved with a stitching extend along the length of the liner and  liner
of the present invention without sacrificing the transfer shearing forces
from one geotextile to the   30  desirable aspects afforded by the use of
bentonite other through the bentonite layer. The thread 19   liners. which
is used to form the stitches 17 is preferably   It will be recognized by
those skilled in the art a multifilament high density polyethylene thread.
that considerations such as the depth and angle of Multifilament threads
are generally stronger than  repose of the soil used as cover, and other
factors, monofilament threads.  However,  multifilament  35   will
determine the extent to which an excavation or threads should be coated to
prevent wicking or     berm can be sloped. By using the stitched liner of
capillary action of water and other liquids through  the present invention,
geotechnical engineers can the liners 12. The treatment of the thread used
to  make greater use of land designated for landfills make the stitches 17
may be the application of a  and tank farms. With the liner of the present
inven- polymer resin, such as nylon or polypropylene   40  tion, greater
volumes of cover may be used as resin. While high density polyethylene
thread will  compared with liners of the prior art. The use of be resistant
to most leachates, other thread materi-  more cover on a slope means that
it can better als may be required for particular waste contain-  resist the
process of erosion. ment applications. It is preferred that a two-thread
While a specific embodiment of the invention chainstitch be used to ensure
an effective intercon-  45  has been shown and described, it will be
apparent nection between the geotextiles, although other    to those
skilled in the art that numerous alter- kinds of stitches, such as a
single-thread chain-  natives, modifications, and variations of the em-
stitch, may be used.                               bodiment shown can be
made without departing While the geotextiles 22 and 24 shown on       from
the scope of the appended claims. opposite sides of the bentonite layer 20
in Figure 2   50 are preferably woven polypropylene, liners of the  Claims
present invention may be constructed of other geotextiles, such as nonwoven
fabrics. The clay    1. A liner for use in containing liquid, the liner
layer 20 is preferably bonded to at least one, and     being of elongate
shape and comprising at perhaps both, of the geotextiles by a water based,
55  least two non-biodegradable sheets (22, 24) water soluble adhesive. It
is important that the       which are held together by stitching (17) and 



geotextiles be flexible so that the liner 12 may be    which have a layer
of water-swellable clay (20) rolled up. In the rolled up form, the rows 14
of       between them, the stitching (17) comprising 3    3
EP 0 490 529 B1                     4 Figures 3 and 4 are sectional views
showing the  stitches will assume a spiral configuration around advantage
of using a liner of the present inven-  the axis of the roll. When
unrolled, the rows 14 will tion.
extend up and down the sloped subgrade 10. With the rows 14 of stitching
extending up and down the DETAILED DESCRIPTION OF THE DRAWINGS           5
slope, shear stresses from the cover soil 18 are better transferred between
the geotextiles 22 and Figure 1 is a perspective view which shows a    24
through the bentonite layer 20. prepared subgrade 10 with a sloping central
portion    Figures 3 and 4 show more clearly the advan- 30 and flat upper
and lower portions 32 and 34.     tages of the present invention. The
dotted line 40 The slope shown in Figure 1 is typical of those   10  in
Figure 3 shows the outline of a liner applied at a which are used in both
landfill and tank farm ap-   steeper slope than the one along line 42. The
plications. Liners 12 are applied to the sloping    hatched area 44 shows
the increases available prepared subgrade 10, with overlapping seams 16.
volume resulting from the use of a liner of the Rows 14 of stitching are
shown schematically as     present invention. Because of the slick nature
of dotted lines in Figure 1. The spacing of the rows   15  bentonite after
it is hydrated, slopes employing 14 is discussed in more detail later. The
upper     bentonite liners have generally been restricted to ends of the
liners 12 are placed in a trench 15, and  those with a 4:1 slope. A liner
applied along the cover soil 18 is applied on top of the overlapping  line
42 in Figure 3 is shown with a slope of ap- liners 12. Figure 2 is an
enlarged view showing in  proximately 4:1. greater detail the construction
of the liner 12 of the   20  Figure 4 shows the advantage of using a steep-
present invention. The liner is comprised of an     er slope in tank farm
applications. By using a slope upper geotextile 22, and a lower geotextile
24,     of about 1.2:1, as shown in Figure 4, the radius of preferably made
of a woven, non-biodegradable      the excavation can be reduced by the
length L. As propylene. The stitches 17 are at a frequency of    a result,
storage tanks can be spaced closer to- approximately 3 stitches per inch,
and the rows 14   25  gether, resulting in more efficient use of land area.
are spaced approximately 2 inches apart. As can     The increased volume
available for fill in landfill be seen from Figure 1, the rows 14 extend
along     applications and the more efficient use of land area the length
of the liners 12. The parallel rows 14 of  in tank farm applications can be
achieved with a stitching extend along the length of the liner and  liner
of the present invention without sacrificing the transfer shearing forces
from one geotextile to the   30  desirable aspects afforded by the use of
bentonite other through the bentonite layer. The thread 19   liners. which
is used to form the stitches 17 is preferably    It will be recognized by
those skilled in the art a multifilament high density polyethylene thread.
that considerations such as the depth and angle of Multifilament threads
are generally stronger than  repose of the soil -used as cover, and other
factors, monofilament threads.  However,  multifilament  35   will
determine the extent to which an excavation or threads should be coated to
prevent wicking or      berm can be sloped. By using the stitched liner of
capillary action of water and other liquids through  the present invention,
geotechnical engineers can the liners 12. The treatment of the thread used
to  make greater use of land designated for landfills make the stitches 17
may be the application of a    and tank farms. With the liner of the
present inven- polymer resin, such as nylon or polypropylene   40  tion,
greater volumes of cover may be used as resin. While high density
polyethylene thread will  compared with liners of the prior art. The use of
be resistant to most leachates, other thread materi-  more cover on a slope
means that it can better als may be required for particular waste contain-
resist the process of erosion. ment applications. It is preferred that a
two-thread   While a specific embodiment of the invention chainstitch be
used to ensure an effective intercon-  45  has been shown and described, it
will be apparent nection between the geotextiles, although other     to
those skilled in the art that numerous alter- kinds of stitches, such as a
single-thread chain-   natives, modifications, and variations of the em-
stitch, may be used.                                bodiment shown can be
made without departing While the geotextiles 22 and 24 shown on        from
the scope of the appended claims. opposite sides of the bentonite layer 20
in Figure 2   50 are preferably woven polypropylene, liners of the   Claims
present invention may be constructed of other geotextiles, such as nonwoven
fabrics. The clay     1. A liner for use in containing liquid, the liner 



layer 20 is preferably bonded to at least one, and     being of elongate
shape and comprising at perhaps both, of the geotextiles by a water based,
55  least two non-biodegradable sheets (22, 24) water soluble adhesive. It
is important that the       which are held together by stitching (17) and
geotextiles be flexible so that the liner 12 may be    which have a layer
of water-swellable clay (20) rolled up. In the rolled up form, the rows 14
of       between them, the stitching (17) comprising 3    5
EP 0 490 529 B1                    6 polymeric leachate-resistant stitching
means       driert wurde, dadurch gekennzeichnet, daB (19) extending
through the clay layer (20) so        (a) die Nahmittel (19) aus im Abstand
zuein- as to hold the sheets (22, 24) together after the     ander
liegenden Relhen (14) von Nahten water-swellable clay has become hydrated,
bestehen, die sich in Langsrichtung der characterised in that:
5          Deckschicht erstrecken, und (a) the stitching  means (19)
comprise             (b) daB die Tonschicht (20) gegebenenfalls
spaced-apart rows (14) of stitching extend-        an mindestens einer der
Bahnen (22 oder ing lengthwise of the liner; and                   24)
mittels eines wasserloslichen Klebstoffs (b) the clay layer (20) is,
optionally, at-        auf Wasserbasis befestigt ist. tached to at least
one of the sheets (22 or  lo 24) by means of a water-based and water-
2. Deckschicht nach Anspruch 1, dadurch ge- soluble adhesive.
kennzeichnet, daB die beiden Bahnen (22, 24) aus elnem flexiblen por6sen
Gewebe herge- 2. A liner in accordance with claim 1, wherein the     stellt
sind. two sheets (22, 24) are made of flexible porous  15 fabric.
3. Deckschicht nach Anspruch 1 oder 2, dadurch gekennzeichnet, daB
mindestens eine der bei- 3  A liner in accordance with claim 1 or claim 2,
den Bahnen (22, 24) ein gewebtes Polypropy- wherein at least one of the two
sheets (22, 24)    lengeotextil ist. is a woven polypropylene geotextile.
20 4. Deckschicht nach einem der vorstehenden An- 4. A liner in accordance
with any one of claims 1-     sprOche 1 bis 3, dadurch gekennzeichnet, daB
3, wherein the two sheets (22, 24) are both        die beiden Bahnen (22,
24) beide aus geweb- woven polypropylene geotextiles.                   ten
Polypropylengeotextilien bestehen. 25 5. A liner in accordance with any
preceding        5. Deckschicht nach einem der vorstehenden An- claim,
wherein the stitching means (19) com-       sprUche, dadurch
gekennzeichnet, daB die prise generally parallel rows (14) of stitches.
N~hmittel (19) aus allgemein parallelen Reihen (14) von N~hten bestehen. 6
A liner in accordance with claim 5, wherein the   3o liner is rolled up
about an axis and the stitch-  6. Deckschicht nach Anspruch 5, dadurch ge-
ing means (19) extend spirally around that         kennzeichnet, daS die
Deckschicht um eine axis.
Achse aufgerollt ist und sich die Nahmittel (19) spiralf6rmig um die Achse
erstrecken. 7. A liner in accordance with any preceding   35 claim, wherein
the layer of clay (20) is carried  7. Deckschicht nach einem der
vorstehenden An- by at least one of the sheets (22, 24) indepen-
sprOche, dadurch gekennzeichnet, daB die dently of the stitching means
(19).                Tonschicht (20) unabh~ngig von den N~hmit- teln (19)
von mindestens einer der Bahnen (22, 8  A liner in accordance with any
preceding   40       24) getragen ist. claim, wherein the layer (20) of
water-swellable clay is a layer of bentonite granules.          8.
Deckschicht nach einem der vorstehenden An- sprache, dadurch
gekennzeichnet, daB die Patentansprilche
Tonschicht (20) aus mit Wasser quellfahigem 45      Ton eine Schicht aus
Bentonitk6rnem ist. 1. Deckschicht zum ZurUckhalten von Flissigkei- ten,
wobei die Deckschicht eine langgestreckte  Revendications Form aufweist und
aus mindestens Zwei biolo- gisch nicht abbaubaren Bahnen (22, 24) be-
1. Rev~tement destine a etre utilise pour retenir steht, welche durch Nahte
(17) zusammenge-  5o     un liquide, le revatement etant d'une forme 



halten sind, und zwischen denen eine Schicht       allong6e et comprenant
au moins deux feuliles von mit Wasser quellfghigem Ton (20) ange-
non biod6gradables (22, 24) qui sont tenues ordnet ist, wobei die Nihte
(17) aus polyme-       l'une a l'autre par une couture (17) et entre ren,
gegen LeckflUssigkeiten widerstandsfdhi-      lesquelles se trouve une
couche d'argile (20) gen Nihmitteln (19) bestehen, welche sich   55
gonflant a l'eau, la couture (17) comprenant un durch die Tonschicht (20)
hindurch erstrecken,     moyen de couture (19) en polymbre resistant um so
die Bahnen (22, 24) zusammenzuhalten,        aux r6sidus de lixiviation et
passant & travers nachdem der mit Wasser quellfahige Ton hy-         la
couche d'argile (20) de maniere a tenir les 4    7                 EP 0 190
529 B1                    8   I lnICll 111111   IIII!I 111! feuilles (22,
24) assembl6es apres que l'argile gonflant a l'eau s'est hydrat6e,
caract6rise en ce que (a) le moyen de couture (19) comprend des rangdes
(14) de coutures distantes les unes   5 des autres et disposees dans la
direction de la longueur du revitement ; et (b) la couche d'argile (20) est
facultative- ment fixWe a au moins l'une des feuilles (22 ou 24) au moyen
d'un adh6sif a base d'eau   1o et soluble dans l'eau. 2. RevOtement selon
la revendication 1, dans le- quel les deux feuilles (22, 24) sont en une
dtoffe poreuse souple.                     15 3. Revitement selon la
revendication 1 ou la re- vendication 2, dans lequel au moins l'une des
deux feuilles (22, 24) est un geotextile tiss6 en polypropylbne.
20 4. Revtement selon l'une quelconque des reven- dications 1 & 3, dans
lequel toutes les deux feuilles (22, 24) sont des geotextiles tisses en
polypropylbne.                             25 5 RevOtement selon l'une
quelconque des reven- dications prdcdentes, dans lequel le moyen de couture
(19) comprend des rangees de points de couture (14) sensiblement
paralleles.   30 6. RevOtement selon la revendication 5, dans le- quel le
revetement est enroul6 autour d'un axe et le moyen de couture (19) est
dispos6 en spirale autour de l'axe.                   35 7. RevOtement
selon l'une quelconque des reven- dications prdcddentes, dans lequel la
couche K.,     d'argile (20) est portee par au moins l'une des feuilles
(22, 24) independamment du moyen   40 de couture (19). 8. RevOtement selon
l'une quelconque des reven- dications prcedentes, dans lequel la couche
(20) d'argile gonflant & l'eau est une couche de   45 granules de
bentonite. 50 55 5    


