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(54)  Clay  liner  for  steep  slopes. 

(57)  A  flexible  clay  liner  (12)  in  roll  form  for  use  on 
steep  slopes.  The  liner  includes  a  layer  of 
geotextiles  (22,24).  The  geotextiles  (22,24)  are 
stitched  together  in  rows  (14)  of  stitches  (17) 
which  extend  along  the  length  of  the  liner  (12). 
The  thread  (19)  used  to  make  the  stitching  is  a 
multifilament  thread  treated  with  a  resin  to 
prevent  wicking  through  the  liner  (12).  The 
spacing  of  the  rows  (14  of  stitches  (17)  and  the 
frequency  of  stitches  (17)  along  the  rows  (14) 
are  sufficient  to  transfer  shear  stresses  through 
the  bentonite  layers  (20),  thus  preventing  the 
bentonite  (20)  from  becoming  a  shear  plane. 
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BACKGROUND  AND  SUMMARY  OF  THE 
INVENTION 

The  present  invention  relates  to  liners  which  are 
used  to  form  an  impermeable  barrier.  In  particular,  the 
invention  relates  to  an  improved  liner  which  is  capable 
of  being  used  on  steep  slopes.  Liners  for  which  the 
present  invention  has  particular  application  are  those 
which  incorporate  a  layer  of  swellable  clay,  such  as 
bentonite. 

The  present  invention  is  in  the  nature  of  an 
improvement  to  liners  like  the  one  shown  in  U.S. 
Patent  No.  4,501,788,  in  which  a  layer  of  granular 
bentonite  is  enclosed  between  two  flexible  sheets.  In 
such  liners,  a  water-soluble  adhesive  is  used  to  attach 
the  bentonite  particles  to  a  geotextile.  The  geotextile 
used  will  depend  upon  the  application,  but  are  prefer- 
ably  comprised  of  at  least  one  woven  polypropylene 
geotextile.  Other  fabrics  include  non-woven  fleece- 
like  geotextiles  and  lightweight  polyester  net-like 
scrims. 

Bentonite  clay  upon  hydration  tends  to  expand 
and  become  a  highly  impervious  material.  However, 
like  most  other  clays,  exposure  of  bentonite  to  water 
causes  it  to  become  very  slick,  greatly  reducing  the 
ability  of  the  clay  to  withstand  shear  stresses.  As  a 
result,  use  of  clay  liners  on  slopes  must  be  restricted 
to  those  having  relatively  shallow  angles. 

Some  manufacturers  of  clay  liners  have 
attempted  to  create  shear  resistance  in  clay  liners  by 
needlepunching  connections  between  fabric  layers 
through  the  bentonite  layer.  However,  these  systems 
have  two  distinct  disadvantages.  First,  the  strength  of 
the  connection  formed  by  needlepunching  fibers  is 
low.  In  some  cases,  the  expansion  force  of  the 
hydrated  bentonite  is  sufficient  to  break  the  need- 
lepunched  connections.  Second,  needlepunched  fib- 
ers  form  a  path  for  capillary  migration  of  water  through 
the  bentonite  layer. 

Manufacturers  of  needlepunched  liners  have 
attempted  to  rely  upon  needlepunched  connections  to 
retain  the  bentonite  between  the  fabric  layers  in  an 
effort  to  avoid  the  use  of  adhesive  bonding  of  the  ben- 
tonite  to  a  fabric  layer.  Such  heavy  reliance  upon  the 
needlepunched  connections  for  both  bentonite  reten- 
tion  and  shear  resistance  has  resulted  in  problems 
with  both  delivery  and  performance  of  such  products. 
Needlepunching  is  generally  inadequate  as  a  sole 
means  for  retaining  bentonite  between  two  layers  of 
fabric.  The  bentonite  tends  to  migrate  laterally  unless 
it  is  held  in  place  by  means  such  as  adhesive  bonding. 
The  integrity  of  the  needlepunched  connections  is 
further  compromised  by  the  flexible  nature  of  bento- 
nite  liners.  It  is  an  important  feature  of  such  liners  that 
they  be  capable  of  being  rolled  up  into  a  carpet-like 
form,  so  that  installation  can  take  place  in  an  expe- 
dited  manner.  The  stresses  introduced  to  connections 
between  fabric  layers  as  a  result  of  the  rolling  up  of  the 

liner  during  the  manufacturing  process,  results  in  sig- 
nificant  stresses  upon  the  interfabric  connections. 
After  a  needlepunched  liner  has  been  rolled  and 
unrolled,  the  needlepunched  connections  may  not 

5  have  sufficient  strength  to  resist  the  expansion  of  the 
bentonite  layer,  or  to  withstand  shear  stress  on  a 
slope. 

Benton  ite-based  liners  have  found  significant 
acceptance  for  use  in  preventing  groundwater  con- 

10  tamination.  Bentonite  liners  have  been  used  success- 
fully  in  hazardous  waste  and  municipal  solid  waste 
landfills.  An  important  consideration  in  the  construc- 
tion  of  such  landfills  is  the  slope  angle  of  the  exca- 
vation.  For  a  given  area,  significantly  greater  landfill 

15  volumecan  be  achieved  by  the  use  of  steeper  slopes. 
The  use  of  steep  slopes  allows  more  efficient  use  of 
a  particular  landfill  site. 

Similarly,  clay  liners  are  often  used  in  tank  farm 
applications  in  which  berms  or  excavations  are  for- 

20  med  with  sloping  sides.  Steeper  slopes  in  tank  farm 
applications  allow  more  efficient  use  of  real  estate. 

Accordingly,  it  is  an  object  of  the  present  inven- 
tion  to  provide  an  improved  bentonite  liner  which  may 
be  used  to  form  an  impervious  barrier  along  a  rela- 

25  tively  steep  slope. 
Another  object  of  the  present  invention  is  to  pro- 

vide  a  bentonite  liner  which  does  not  allow  for  the 
migration  of  liquid  through  the  liner. 

It  is  a  further  object  of  the  present  invention  to  pro- 
30  vide  a  liner  which  has  significantly  improved  resist- 

ance  to  shear  stresses. 
These  and  other  objects  and  advantages  of  the 

invention  are  achieved  with  a  linerwhich  is  comprised 
of  a  layer  of  bentonite  granules  adhered  to  a  woven 

35  polypropylene  geotextile.  A  second  woven  polyp- 
ropylene  geotextile  is  placed  on  or  adhered  to  the 
bentonite  layer  to  form  a  sandwich  like  construction 
comprised  of  two  geotextiles  with  a  layer  of  bentonite 
therebetween.  Rows  of  stitches  are  used  to  connect 

40  the  two  geotextiles.  The  stitching  is  comprised  of  a 
polymeric  thread,  preferably  a  coated  multifilament 
thread  comprised  of  high  density  polyethylene  fila- 
ments.  The  thread  is  applied  to  the  liner  in  a  two- 
thread  chainstitch  at  a  rate  of  approximately  three 

45  stitches  per  inch.  The  lateral  spacing  of  the  rows  will 
depend  upon  the  degree  of  shear  resistance  required 
by  a  particular  application.  However,  it  is  preferable 
that  the  rows  be  spaced  approximately  two  inches 
apart.  The  rows  should  extend  along  the  length  of  the 

so  liner,  rather  than  in  the  direction  of  the  width  of  the 
liner. 

The  objects  and  advantages  of  the  invention  will 
become  more  apparent  upon  a  reading  of  the  follow- 
ing  specification,  read  in  conjunction  with  the  accom- 

55  panying  drawings: 
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BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Figure  1  is  a  perspective  view  of  a  slope  to  which 
the  liner  of  the  present  invention  has  been  applied. 

Figure  2  is  an  enlarged  perspective  view  of  a  por- 
tion  of  the  liner  of  the  present  invention. 

Figures  3  and  4  are  sectional  views  showing  the 
advantage  of  using  a  liner  of  the  present  invention. 

DETAILED  DESCRIPTION  OF  THE  DRAWINGS 

Figure  1  is  a  perspective  view  which  shows  a 
prepared  subgrade  10  with  a  sloping  central  portion 
30  and  flat  upper  and  lower  portions  32  and  34.  The 
slope  shown  in  Figure  1  is  typical  of  those  which  are 
used  in  both  landfill  and  tankfarm  applications.  Liners 
12  are  applied  to  the  sloping  prepared  subgrade  10, 
with  overlapping  seams  16.  Rows  14  of  stitching  are 
shown  schematically  as  dotted  lines  in  Figure  1.  The 
spacing  of  the  rows  14  is  discussed  in  more  detail 
later.  The  upper  ends  of  the  liners  12  are  placed  in  a 
trench  15,  and  cover  soil  18  is  applied  on  top  of  the 
overlapping  liners  12.  Figure  2  is  an  enlarged  view 
showing  in  greater  detail  the  construction  of  the  liner 
12  of  the  present  invention.  The  liner  is  comprised  of 
an  upper  geotextile  22,  and  a  lower  geotextile  24, 
preferably  made  of  a  woven,  non-biodegradable  pro- 
pylene.  The  stitches  17  are  at  a  frequency  of 
approximately  3  stitches  per  inch,  and  the  rows  14  are 
spaced  approximately  2  inches  apart.  As  can  be  seen 
from  Figure  1,  the  rows  14  extend  along  the  length  of 
the  liners  12.  The  parallel  rows  14  of  stitching  extend 
along  the  length  of  the  liner  and  transfer  shearing  for- 
ces  from  one  geotextile  to  the  other  through  the  ben- 
tonite  layer.  The  thread  19  which  is  used  to  form  the 
stitches  17  is  preferably  a  multifilament  high  density 
polyethylene  thread.  Multifilament  threads  are  gener- 
ally  stronger  than  monofilament  threads.  However, 
multifilament  threads  should  be  coated  to  prevent 
wicking  or  capillary  action  of  water  and  other  liquids 
through  the  liners  12.  The  treatment  of  the  thread 
used  to  make  the  stitches  17  may  be  the  application 
of  a  polymer  resin,  such  as  nylon  or  polypropylene 
resin.  While  high  density  polyethylene  thread  will  be 
resistant  to  most  leachates,  other  thread  materials 
may  be  required  for  particular  waste  containment 
applications.  It  is  preferred  that  a  two-thread  chain- 
stitch  be  used  to  ensure  an  effective  interconnection 
between  the  geotextiles,  although  other  kinds  of 
stitches,  such  as  a  single-thread  chainstitch,  may  be 
used. 

While  the  geotextiles  22  and  24  shown  on  oppo- 
site  sides  of  the  bentonite  layer  20  in  Figure  2  are  pref- 
erably  woven  polypropylene,  liners  of  the  present 
invention  may  be  constructed  of  other  geotextiles, 
such  as  nonwoven  fabrics.  The  clay  layer  20  is  pref- 
erably  bonded  to  at  least  one,  and  perhaps  both,  of 
the  geotextiles  by  a  water  based,  water  soluble  adhe- 

sive.  It  is  important  that  the  geotextiles  be  flexible  so 
that  the  liner  12  may  be  rolled  up.  In  the  rolled  up  form, 
the  rows  14  of  stitches  will  assume  a  spiral  configu- 
ration  around  the  axis  of  the  roll.  When  unrolled,  the 

5  rows  14  will  extend  up  and  down  the  sloped  subgrade 
10.  With  the  rows  14  of  stitching  extending  up  and 
down  the  slope,  shear  stresses  from  the  cover  soil  1  8 
are  better  transferred  between  the  geotextiles  22  and 
24  through  the  bentonite  layer  20. 

10  Figures  3  and  4  show  more  clearly  the  advan- 
tages  of  the  present  invention.  The  dotted  line  40  in 
Figure  3  shows  the  outline  of  a  liner  applied  at  a 
steeper  slope  than  the  one  along  line  42.  The  hatched 
area  44  shows  the  increases  available  volume  result- 

is  ing  from  the  use  of  a  liner  of  the  present  invention. 
Because  of  the  slick  nature  of  bentonite  after  it  is 
hydrated,  slopes  employing  bentonite  liners  have 
generally  been  restricted  to  those  with  a  4:1  slope.  A 
liner  applied  along  the  line  42  in  Figure  3  is  shown  with 

20  a  slope  of  approximately  4:1. 
Figure  4  shows  the  advantage  of  using  a  steeper 

slope  in  tank  farm  applications.  By  using  a  slope  of 
about  1.2:1,  as  shown  in  Figure  4,  the  radius  of  the 
excavation  can  be  reduced  by  the  length  L.  As  a 

25  result,  storage  tanks  can  be  spaced  closer  together, 
resulting  in  more  efficient  use  of  land  area.  The 
increased  volume  available  for  fill  in  landfill  appli- 
cations  and  the  more  efficient  use  of  land  area  in  tank 
farm  applications  can  be  achieved  with  a  liner  of  the 

30  present  invention  without  sacrificing  the  desirable 
aspects  afforded  by  the  use  of  bentonite  liners. 

It  will  be  recognized  by  those  skilled  in  the  art  that 
considerations  such  as  the  depth  and  angle  of  repose 
of  the  soil  used  as  cover,  and  other  factors,  will  deter- 

35  mine  the  extent  to  which  an  excavation  or  berm  can 
be  sloped.  By  using  the  stitched  liner  of  the  present 
invention,  geotechnical  engineers  can  make  greater 
use  of  land  designated  for  landfills  and  tank  farms. 
With  the  liner  of  the  present  invention,  greater 

40  volumes  of  cover  may  be  used  as  compared  with  lin- 
ers  of  the  prior  art.  The  use  of  more  cover  on  a  slope 
means  that  it  can  better  resist  the  process  of  erosion. 

While  a  specific  embodiment  of  the  invention  has 
been  shown  and  described,  it  will  be  apparent  to  those 

45  skilled  in  the  art  that  numerous  alternatives,  modifi- 
cations,  and  variations  of  the  embodiment  shown  can 
be  made  without  departing  from  the  spirit  and  scope 
of  the  appended  claims. 

50 
Claims 

1.  A  liner  for  use  in  containing  liquid,  said  liner  com- 
prising  two  sheets,  a  layer  of  clay  between  said 

55  sheets,  and  stitching  means  extending  through 
said  layer  and  connecting  said  sheets. 

2.  A  liner  in  accordance  with  claim  1  wherein: 

3 
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said  two  sheets  are  flexible  porous  fabric. 

A  liner  in  accordance  with  claim  2  wherein: 
at  least  one  of  said  two  sheets  is  a  woven 

polypropylene  geotextile. 

A  liner  in  accordance  with  claim  3  wherein: 
said  two  sheets  are  both  woven  polyp- 

ropylene  geotextiles. 

A  liner  in  accordance  with  claim  1  wherein: 
said  stitching  means  comprise  generally 

parallel  rows  of  stitches. 

6.  A  liner  in  accordance  with  claim  5  wherein:  15 
said  liner  is  rolled  up  about  an  axis  and 

said  stitching  means  extend  spirally  around  said 
axis. 

7.  A  liner  in  accordance  with  claim  1  wherein:  20 
said  layer  of  clay  is  carried  by  at  least  one 

of  said  sheets  independent  of  said  stitching 
means. 

8.  A  liner  in  accordance  with  claim  7  wherein:  25 
said  layer  of  clay  is  connected  to  at  least 

one  or  said  sheets  by  an  adhesive,  said  adhesive 
being  water  based  and  water  soluble. 
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