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(57)  A  trench  or  slot  is  excavated  along  the  desired  line  of  'the 
impervious  barrier  in  the  presence  of  a  bentonite  slurry.  A 
double  layered  plastic  fiftn  or  sheet  joined  or  folded  at  the 
bottom  of  the  trench  (T)  to  form  a  sheath  or  envelope  (F)  and 
open  at  the  top  and  of  sufficient  vertical  extent  to  extend 
above  the  ground  and  drape  on  both  sides  of  the  trench  (T)  is 
installed  in  the  trench  and  as  the  plastic  sheath  or  envelope 
(F)  is  installed  in  the  trench  (T)  it  is  hydrauiically  backfilled 
between  the  two  facing  surfaces  thereof  with  a  backfilling 
material  (30)  having  a  greater  density  than  the  density  of  the 
bentonite  slurry  (B)  to  sink  the  double  layer  plastic  film  or 
sheet  (F)  to  the  bottom  of  the  trench  (T)  and  displace  the 
bentonite  slurry  (B)  forward  in  the  trench  (T)  toward  the  end 
being  excavated. 
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A  trench  or  slot  is  excavated  along  the  desired  line  of the 
impervious  barrier  in  the  presence  of  a  bentonite  slurry.  A 
double  layered  plastic  firm  or  sheet  joined  or  folded  at  the 
bottom  of  the  trench  (T)  to  form  a  sheath  or  envelope  (F)  and 
open  at  the  top  and  of  sufficient  vertical  extent  to  extend 
above  the  ground  and  drape  on  both  sides  of  the  trench  (T)  is 
installed  in  the  trench  and  as  the  plastic  sheath  or  envelope 
(F)  is  installed  in  the  trench  (T)  it  is  hydraulically  backfilled 
between  the  two  facing  surfaces  thereof  with  a  backfilling 
material  (30)  having  a  greater  density  than  the  density  of  the 
bentonite  slurry  (B)  to  sink  the  double  layer  plastic  film  or 
sheet  (F)  to  the  bottom  of  the  trench  (T)  and  displace  the 
bentonite  slurry  (B)  forward  in  the  trench  (T)  toward  the  end 
being  excavated. 



T h i s   i n v e n t i o n   i s   d i r e c t e d   to  a  m e t h o d   and  a p p a r a t u s  

f o r   c o n s t r u c t i n g   a  n o v e l   u n d e r g r o u n d   i m p e r v i o u s   f l u i d  

b a r r i e r   w h i c h   i s   u s e f u l   f o r   p o l l u t i o n   c o n t r o l ,   i m p o u n d i n g  

w a t e r ,   o i l   and  o t h e r   f l o w a b l e   m a t e r i a l ,   e s p e c i a l l y   i n  

p o p u l a t e d   a r e a s ,   w h e r e   g o v e r n m e n t   and  i n d u s t r i e s   a r e  

f a c e d   w i t h   t h e   p r o b l e m   of  a r r e s t i n g   u n d e r g r o u n d   s e e p a g e s  

and  s i t u a t i o n s   w h e r e   t h e r e   i s   l i t t l e   or  no  g r a d i e n t  

b e t w e e n   t he   o u t s i d e   w a t e r   t a b l e   and  t h e   p o l l u t e d   a r e a   i n -  

s i d e .  

L i n i n g   u n d e r g r o u n d   s l u r r y   t r e n c h e s   w i t h   i m p e r v i o u s  

f i l m s   s u c h   as  r u b b e r   l i n e r s ,   p l a s t i c   s h e e t s ,   f o i l s   a n d  

t h e   l i k e   has   b e e n   a t t e m p t e d   p r i o r   to  t h i s   i n v e n t i o n   b u t  

t h e y   have   n o t   b e e n   p a r t i c u l a r l y   s u c c e s s f u l .   (See  p a g e  

130  of  R-.G.H.  B o y e r s '   t e x t   e n t i t l e d   " S t r u c t u r a l   and  C u t -  

Off   D i a p h r a g m   W a l l s "   J o h n   Waley   &  S o n s ) .   In  Ranney  P a t e n t  

2 , 0 4 8 , 7 1 0 ,   an  a p p a r a t u s   i s   d i s c l o s e d   f o r   c o n s t r u c t i n g   a n  

u n d e r g r o u n d   w a l l   in  w h i c h   two  r o l l s   of  l i n i n g   m a t e r i a l  

a r e   c a r r i e d   i n s i d e   w i n g s   of  an  e x c a v a t i n g   s h i e l d   f o r  

u n r o l l i n g   t he   l i n i n g   m a t e r i a l   to  l i n e   t h e   w a l l s   of  t h e  

t r e n c h   p r e p a r a t o r y   to  f i l l i n g   of  t he   t r e n c h   w i t h   t h e  

d e s i r e d   w a l l   m a t e r i a l .   T h e r e   i s   no  t e a c h i n g   in  R a n n e y  



of   u t i l i z i n g   a  l i n i n g   m a t e r i a l   w h i c h   i s   f o l d e d   ( o r   o t h e r -  

w i s e   j o i n e d )   a t   t h e   b o t t o m   and   o f   s u f f i c i e n t   h e i g h t   t o  

c o m f o r t a b l y   d r a p e   o v e r   t h e   s i d e s   o f   t h e  t r e n c h .   A  f e a -  

t u r e   of   t h e   p r o c e s s   of   t h e   p r e s e n t   i n v e n t i o n   i s   t h e   u s e   o f  

t h e   f i l l   m a t e r i a l   to   w e i g h t   t h e   l i n i n g   m a t e r i a l   a n d   d i s -  

p l a c e   t h e   b e n t o n i t e   ( u s i n g   t h e   l i n i n g   m a t e r i a l   to   t r a n s -  

m i t   t h e   d i s p l a c i n g   f o r c e   to  t h e   b e n t o n i t e ) .   In   Z a k l e w i c z  

P a t e n t   3 , 6 0 3 , 0 9 9   and   C a r o n   e t   a l   P a t e n t   3 , 7 5 9 , 0 4 4 ,   a  

p l a s t i c   s h e e t   i s   i m m e r s e d   in   a  b e n t o n i - c   mud  f i l l e d   t r e n c h .  

In  t h e   Z a k l e w i c z   p a t e n t   t h e   f i l l i n g   m a t e r i a l   i s   a d d e d   t o  

e a c h   s i d e   o f   t h e   p l a s t i c   m e m b r a n e   to   d i s p l a c e   t h e   e x c a -  

v a t i n g   s l u r r y   and   in   t h e   C a r o n   e t   a l   p a t e n t ,   t h e   p l a s t i c  



s h e e t i n g   i s   i m m e r s e d   in   a  c e m e n t i o u s   b e n t o n i t e   f i l l e d  

t r e n c h   and   r e m a i n s   t h e r e   u n t i l   t h e   w a l l   m a t e r i a l   h a s  

s e t .   N e i t h e r   of   t h e s e   p r i o r   a r t   r e f e r e n c e s   d i s c l o s e  

t h e   c o n c e p t   o f   a p p l i c a n t ' s   d o u b l e   or   f o l d e d   p l a s t i c   m e m -  

b r a n e   n o r   i s   t h e r e   d i s c l o s e d   a  m e m b r a n e   o f   s u f f i c i e n t  

v e r t i c a l   h e i g h t   to   d r a p e  o v e r   t h e   s i d e s   o f   t h e   t r e n c h .  

In   t h e   p r e s e n t   i n v e n t i o n ,   t h e   d o u b l e   l a y e r   end   f o l d  

r e s u l t s   i n   a  b a s i c   w a l l   s t r u c t u r e   n o t   d i s c l o s e d   i n   t h e s e  

p r i o r   a r t   r e f e r e n c e s .  

The  u s e   of   t h e   l i n i n g   f o r   p r o t e c t i n g   u n d e r g r o u n d  

p i p e s   and   c o n d u i t s   h a s   b e e n   known   i n   t h e   a r t   as  i s   d i s -  

c l o s e d   in   G r o d s k y   P a t e n t   2 , 0 0 7 , 9 6 9   and   i n   K e e n e   P a t e n t  

3 , 6 7 5 , 4 3 2 .   H o w e v e r ,   t h e s e   a r e   n o n - a n a l o g o u s   to   t h e  

p r e s e n t   i n v e n t i o n   and  n e i t h e r   of   t h e s e   i s   d i s c l o s e d   i n  

t h e   c o n t e x t   of   a  s l u r r y   t r e n c h   e x c a v a t i n g   p r o c e s s   a n d  

o b v i o u s l y ,   do  n o t   in   any  s e n s e   t e a c h   t h e   d e p t h   of   t h e  

w a l l   and   p r o c e s s   as  d i s c l o s e d   h e r e i n   and   do  n o t   t e a c h  

or   s u g g e s t   a  m e m b r a n e   of  30  to   40  f e e t   i n   d e p t h   c o n -  

t a i n i n g   i n d u s t r i a l   p o l l u t a n t s   or   i m p o u n d i n g   w a t e r   o r  

o t h e r   f l o w a b l e   m a t e r i a l s .   I n  G r e t h e r  e t  a l   P a t e n t s   3 , 2 9 8 , 1 8 3  

3 , 2 1 8 , 8 1 0   and   3 , 1 8 2 , 4 5 9 ,   a  f l u i d   b a r r i e r   i s   d i s c l o s e d   f o r  

w a t e r   i m p o u n d m e n t   a n d / o r   c h a n n e l i z a t i o n   b u t   t h e r e   i s   n o  

u n d e r g r o u n d   s t r u c t u r e   c o n t e m p l a t e d ,   and   t h e   d o u b l e   f o l d e d  

m a t e r i a l   i s  s i m p l y   f o l d e d   a t   t h e   t o p   a b o v e   t h e   g r o u n d   a n d  

b u r r i e d   t o  a n c h o r   same  a g a i n s t   t h e   f o r c e   of   t h e   u p s t r e a m  

w a t e r .  

The   b a s i c   o b j e c t   of   t h e   p r e s e n t   i n v e n t i o n   i s  

to   p r o v i d e   an  i m p r o v e d   i m p e r v i o u s   u n d e r g r o u n d   w a l l   s t r u c -  

t u r e   and   an  i m p r o v e d   m e t h o d   and   a p p a r a t u s   f o r   c o n s t r u c t i n g  

s a m e ,   p a r t i c u l a r l y   f o r   p o l l u t i o n   c o n t r o l .  

A  b a s i c   f e a t u r e   of   t h e   i n v e n t i o n   i s   t h a t   t h e   l i n e r  

i s   a  f o l d e d   p l a s t i c   l i n e r   ( f o r m i n g   a  s h e a t h   or   e n v e l o p e  

f o r   t h e   b a c k f i l l   m a t e r i a l )   of  s u f f i c i e n t   h e i g h t   so  t h a t  

b o t h   s i d e s   t h e r e o f   can   e x t e n d   and   d r a p e   o v e r   t h e  s i d e s  

of   t h e   s l u r r y   f i l l e d   t r e n c h   so  t h a t   t h e   b a c k f i l l   m a t e r i a l ,  



w h i c h ,   p r e f e r r a b l y ,   i s   h y d r a u l i c a l l y   p l a c e d   a n d   o f  

g r e a t e r   d e n s i t y   t h a n   t h e   s l u r r y   in   t h e   t r e n c h ,   c a r r i e s  

t h e   f o l d   l i n e   to  t h e   b o t t o m   of   t h e   t r e n c h   and   d i s p l a c e s  

t h e   b e n t o n i t e   s l u r r y   t o w a r d s   t h e   end  of   t h e   e x c a v a t i o n  

w h e r e   t h e   e x c a v a t i o n   i s   t a k i n g   p l a c e   t h e r e b y   r e d u c i n g  

t h e   a m o u n t   of   s l u r r y   n e e d e d .   The  d o u b l e   l a y e r   p l a s t i c  

i s   u n r o l l e d   a l o n g   t h e   t r e n c h ,   u n t i l   e x t e n d i n g   up  a b o v e  

t h e   s u r f a c e   i s   o p e n e d   up  and  t h e   b a c k f i l l   m a t e r i a l   i s  

h y d r a u l i c a l l y   p l a c e d   b e t w e e n   t h e   s h e e t s .   T y p i c a l l y  

t h e   b a c k f i l l   m a t e r i a l   may  be  a  m i x t u r e   o f   s a n d   and   w a t e r  

w h i c h   w i l l   h a v e   two  e f f e c t s .   I t   w i l l   s i n k   t h e   p l a s t i c  

to  t h e   v e r y   b o t t o m   of   t h e   t r e n c h   and  make   i t   a d h e r e   t o  

t h e   s i d e s   of  t h e   t r e n c h   and   w i l l   d i s p l a c e   f o r w a r d   t h e  

b e n t o n i t e ,   r e d u c i n g   t h e   n e e d   f o r   a  l o t   of   b e n t o n i t e   f o r  

e x c a v a t i o n .   The  w a l l   s t r u c t u r e   r e s u l t i n g   f r o m   t h i s   t e c h -  

n i q u e   i s   n o v e l   in   t h a t   t h e   i m p e r v i o u s   b a r r i e r   t h a t   i s  

c o n s t r u c t e d   in   t h e   e a r t h   w i l l   c o n s i s t   of   an  a r e a   of   s o i l  

a d j a c e n t   t h e   e x c a v a t i o n   w h i c h   has   b e e n   p e r m e a t e d   b y  

b e n t o n i t e   ( e . g .   t h e   s i d e   w a l l s   of  t h e   t r e n c h ) ,   a  b e n t o n -  

i t e   c a k e ,   t h e   p l a s t i c   m e m b r a n e ,   t h e   b a c k f i l l   m a t e r i a l   i n -  

s i d e   t h e   p l a s t i c   m e m b r a n e   ( t y p i c a l l y   s a n d   or  c o a r s e  

g r a n n u l a r   m a t e r i a l )   and  t h e   same  s y s t e m   r e p e a t e d   a g a i n   o n  

t h e   o p p o s i t e   t r e n c h   w a l l   s i d e .  

The  a d v a n t a g e s   of   t h e   s y s t e m   a r e   t h a t   i t   a s s u r e s   a n  

a b s o l u t e   w a t e r   t i g h t n e s s   by  two  i d e n t i c a l   p o l l u t a n t  

b a r r i e r   s y s t e m s   in   s e r i e s ,  -   t h e   s o i l   p e r m e a t e d   b e n t o n i t e  

t h e   b e n t o n i t e   c a k e   and  t h e   p l a s t i c   m e m b r a n e .   M o r e o v e r ,  

t h e   b a c k f i l l   m a t e r i a l   i s   u s e d   to   s i n k   t h e   p l a s t i c   s h e a t h  

or   e n v e l o p e   to  t h e   b o t t o m   of   t h e   t r e n c h ,   h e n c e ,   o n c e   t h e  

i n i t i a l   i n s e r t i o n   i n   t h e   t r e n c h   o f   t h e   r o l l   and   a  p r e l i m -  

i n a r y   b a c k f i l l i n g   i s   a c c o m p l i s h e d ,   t h e   p l a s t i c   m a t e r i a l  

i s   u n r o l l e d   or   u n f o l d e d   f r o m   an  a c c o r d i o n   f o l d   a n d  

f l o a t s   in   t h e   t r e n c h   o r   s l o t   u n t i l   i t   i s   o p e n e d   up  a t  

t h e   t o p   and  t h e   b a c k f i l l   m a t e r i a l   i s   i n s e r t e d   and   t h e  



b e n t o n i t e   s l u r r y   i s   d i s p l a c e d   to   t h e   o p p o s i t e   ena   of  t h e  

t r e n c h   o r   s l o t .  

The  a b o v e   and  o t h e r   o b j e c t s ,   a d v a n t a g e s   and  f e a t u r e s  

o f   t h e   i n v e n t i o n   w i l l   b e c o m e   m o r e   a p p a r e n t   f r o m   t h e  

f o l l o w i n g   s p e c i f i c a t i o n   t a k e n   i n   c o n j u n c t i o n   w i t h   t h e  

a c c o m p a n y i n g   d r a w i n g s   w h e r e i n :  

F i g u r e   1  i s   a  s e c t i o n a l   e l e v a t i o n a l   v i e w   of   a n  

e x c a v a t i o n   i l l u s t r a t i n g   one  e m b o d i m e n t   of   t h e   i n v e n t i o n ,  

F i g u r e   2  i s   a  t op   p l a n   v i e w   of   t h e   t r e n c h   i l l u s t r a t e d  

in  F i g u r e   1 ,  

F i g u r e   3  i s   a  s e c t i o n a l   v i e w   t a k e n   on  t h e   l i n e s   3 - 3  

of   F i g u r e   1  i l l u s t r a t i n g   t h e   f o l d e d   p l a s t i c   s h e e t ,   s h e a t h  

or  e n v e l o p e   l i n e r   p r i o r   to   b e i n g   f i l l e d   w i t h   a  b a c k f i l l  

m a t e r i a l ,  

F i g u r e   4  i s   a  s e c t i o n a l   v i e w   t a k e n   on  l i n e s   4 - 4   o f  

F i g u r e   1  i l l u s t r a t i n g   t h e   p l a s t i c   s h e e t ,   s h e a t h   or   e n v e l o p e  

l i n e r   a f t e r   i t   has   b e e n   f i l l e d   w i t h   b a c k f i l l   m a t e r i a l ,  

F i g u r e   5  i s   a  s e c t i o n a l   e l e v a t i o n a l   v i e w   of  a  f u r t h e r  

e m b o d i m e n t   of  t h e   i n v e n t i o n   i l l u s t r a t i n g   t h e   p l a s t i c   l i n e r  

b e i n g   f e d   i n t o   t h e   t r e n c h   f r o m   a  r a c k   w i t h   an  a c c o r d i o n  

f o l d e d   l i n e r ,   a n d  

F i g u r e   6  is   a  s e c t i o n a l   v i e w   t a k e n   on  l i n e s   6-6   o f  

F i g u r e   5 .  

t h e   b a s i c   m e t h o d   of   t h i s   i n v e n t i o n   f o r   c o n s t r u c t i n g  

an  u n d e r g r o u n d   p o l l u t i o n   c o n t r o l   b a r r i e r   c o m p r i s e s   e x c a v a t -  

i n g   a  n a r r o w   t r e n c h   or   s l o t   a l o n g   t h e   d e s i r e d   l i n e   o f   t h e  

p o l l u t i o n   c o n t r o l   b a r r i e r   in   t h e   p r e s e n c e   of   a  b e n t o n i t e  

s l u r r y .   I t   w i l l   be  a p p r e c i a t e d   t h a t   w h i l e   b e n t o n i t e   i s  

t h e   p r e f e r r e d   s l u r r y ,   o t h e r   m a t e r i a l s   w h i c h   p e r f o r m   t h e  

same  f u n c t i o n   as  t h e   b e n t o n i t e   s l u r r y   may  be  u s e d   b u t  

b e n t o n i t e   s l u r r y   i s   p r e f e r r e d   s i n c e   i t   can   be  c l o s e l y  

t a i l o r e d   to   h a v e   t h e   p r o p e r t y   of   p e r m e a t i n g   t h e   s o i l  

a d j a c e n t   and  c o n t i g u o u s   to  t h e   e x c a v a t i o n   to  f o r m   a  

f i r s t   b a r r i e r   to  t h e   p o l l u t i n g   s u b s t a n c e .   In  a d d i t i o n ,   a  

b e n t o n i t e   c a k e   f o r m s   on  t h e   w a l l   d u r i n g   t h e   e x c a v a t i n g  



p r o c e s s   t o  s e r v e   as  a  s e c o n d   b a r r i e r   t o   t h e   f l o w   o t   a n y  

p o l l u t i n g   s u b s t a n c e s .   A f t e r   f o r m i n g   t h e   i n i t i a l   t r e n c h  

e x c a v a t i o n   or   s l o t   and  w h i l e   t h e   t r e n c h   i s   f u l l   o f   t h e  

s l u r r y   m a i n t a i n i n g   i t   o p e n   i n   t h e   way  d i s c l o s e d   in   V e d e r  

P a t e n t   3 , 3 1 0 , 9 5 2 ,   a  s h e a t h   o r   e n v e l o p e   c o n s t i t u t e d   by  a  

d o u b l e   l a y e r e d   p l a s t i c   m e m b r a n e   w h i c h   i s   f o l d e d   a t   t h e  

b o t t o m   of   t h e   t r e n c h   and  o p e n   a t   t h e   t o p   a n d ' o f   s u f f i -  

c i e n t   v e r t i c a l   e x t e n t   to  e x t e n d   a b o v e   t h e   g r o u n d   s u r f a c e  

on  b o t h   s i d e s   of   t h e   t r e n c h ,   i s   i n s e r t e d   i n t o   t h e   t r e n c h  

or   s l o t .   The  t r e n c h   or   s l o t   T  in   F i g u r e   1  h a s   b e e n   e x c a -  

v a t e d   by  c l a m   s h e l l ,   b a c k h o e ,   t r e n c h i n g   a p p a r a t u s   a n d  

t h e   l i k e ,   to  t h e   d e s i r e d   d e p t h   of  t h e   b a r r i e r .   T y p i c a l l y ,  

t h i s   i n v e n t i o n   w i l l   a p p l y   to   d e p t h s   of  30  to   40  f e e t   a n d ,  

in   t h e   u s u a l   c a s e   a b o u t   20  f e e t   or   down  to  t h e   w a t e r  

t a b l e   l e v e l .   In  t he   i l l u s t r a t e d   e m b o d i m e n t ,   t h e   t r e n c h   T 

i s   f i l l e d   w i t h   a  b e n t o n i t e   s l u r r y   B  to   t h e   t o p   of  t h e  

t r e n c h   s l o t   a l l   in   a c c o r d a n c e   w i t h   t h e   t e a c h i n g s   o f   V e d e r  

P a t e n t   3 , 3 1 0 , 9 5 2 ,   i n c o r p o r a t e d   h e r e i n   by  r e f e r e n c e .   A 

p o r t i o n   of   t h e   l o a d i n g   by  t h e   l i f t i n g   and   p l a c i n g   d e v i c e s  

10  may  be  t r a n s f e r r e d   to   t h e   s l u r r y   by  t h e   u s e   o f   t h e  

s l u r r y   f l o a t   t e c h n i q u e   as  d i s c l o s e d   in   my  a p p l i c a t i o n  

S e r i a l   No.  1 7 3 , 5 3 8 .   L i f t i n g   and  p l a c i n g   d e v i c e   10  h a s   a  

boom  11  c a r r y i n g   c o n t r o l   c a b l e s   12  to   a  p l a s t i c   f i l m   p a y  
' o u t   r o l l   13.   A  f r a m e   14  h a v i n g   b e a r i n g s   15  and   16  f o r  

r g l l   13  i s   m a i n t a i n e d   in   v e r t i c a l   r e l a t i o n   by  s t a b i l i z i n g  

m e m b e r s   17  and  18  e x t e n d i n g   f r o m   l i f t i n g   and  p l a c i n g  

d e v i c e   10.   The  p l a s t i c   f i l m   F  ( f o r m i n g   t h e   b a c k f i l l  

s h e a t h   or   e n v e l o p e )   w h i c h ,   u n d e r   c e r t a i n   c i r c u m s t a n c e s  

can   be  r e i n f o r c e d   or   c o m p l e m e n t e d   by  a  w o v e n   f a b r i c   WF 

t o   g i v e   i t   a d d i t i o n a l   s t r e n g t h ,   i s   c a p a b l e   of   w i t h s t a n d -  

i n g   t h e   s t r e s s   and  a v o i d a n c e   of   p o s s i b l e   t e a r s .  

A f t e r   t h e   f o r m a t i o n   o f   t h e   i n i t i a l   t r e n c h   p o r t i o n ,  

t h e   end   of   t h e   s h e a t h   or  e n v e l o p e   c o n s t i t u t e d   by  t h e  

p l a s t i c   f i l m   F  i s   o p e n e d   up  a n d   e a c h   of   t h e   e n d s   i s  

d r a p e d   o v e r   t h e   s i d e s   of   t h e   t r e n c h   so  t h a t  t h e   f o l d  



. i n e   l i e s   in   a p p r o x i m a t e l y   t h e   c e n t e r   of   t h e   t r e n c h .  

In  t h i s   s e n s e ,   t h e   end  t h e n   w i l l   be  f l o a t i n g   on  t h e  

b e n t o n i t e   l a y e r   and  a t   t h i s   t i m e ,   t h e   b a c k f i l l   m a t e r i a l  

1as  b e g u n   to   be  h y d r a u l i c a l l y   p l a c e d   b e t w e e n   t h e   s h e e t s  

of  p l a s t i c .   T y p i c a l l y ,   a  m i x t u r e   of  s a n d   and  w a t e r   c a n  

be  u s e d   w h i c h   w i l l   h a v e  t w o   e f f e c t s .   I t   w i l l   s i n k   t h e  

p l a s t i c   to   t h e   b o t t o m   of   t h e   t r e n c h   or   s l o t . a n d   make   i t  

a d h e r e  t o   t h e   s i d e s   o f   t h e   t r e n c h   and  w i l l   a l s o   d i s p l a c e  

t h e   b e n t o n i t e   s l u r r y   f o r w a r d   in   t h e   t r e n c h   by  t h e   f o r c e  

e x i t e d   t h r o u g h   t h e   p l a s t i c   l a y e r s   t h e r e b y   r e d u c i n g   t h e  

n e e d   f o r   a  l o t   of   b e n t o n i t e   f o r   t h e   e x c a v a t i o n .   On  t h e  

o t h e r   h a n d ,   t h e   end  of   t h e   t r e n c h   can   be  s e a l e d   and   w i t h  

a  r i g i d   b a r   m e m b e r   f o r c i n g   t h e   end  of   t h e   e n v e l o p e   d o w n  

to   t h e   b o t t o m   of   t h e   t r e n c h   and   t h e n   t h e   e n v e l o p e   o r  

s h e a t h   is   f i l l e d   w i t h   t h e   b a c k f i l l   m a t e r i a l   as  d e s c r i b e d .  

Of  c o u r s e ,   t h e   end  of   t h e   s h e a t h   can   be  h e a t   s e a l e d   a l o n g  

a  v e r t i c a l   l i n e   j o i n i n g   t h e   two  s i d e s ,   i f   d e s i r e d .  

By  u s i n g   a  c o u r s e   g r a n u l a r   m a t e r i a l   as  a  f i l l   w i t h i n  

t h e   p l a s t i c ,   a  v e r y   p e r v i o u s   l a y e r   e n c l o s e d   in   p l a s t i c  

c an   a c t   as  a  f i l t e r .   D r a i n i n g   t h e   f i l t e r   m a t e r i a l   i s   a n  

e x c e l l e n t   m e t h o d   o f  m a i n t a i n i n g   t h e   e f f e c t i v e n e s s   of   t h e  

b a r r i e r   a n d ,   w i t h   a  m i n i m u m   a m o u n t   of   p u m p i n g   a t   l o n g  

i n t e r v a l s ,   g u a r a n t e e i n g   t h a t   any  p o l l u t a n t   w h i c h   c r o s s e s  

t h e   i n i t i a l   b a r r i e r   i s   c o l l e c t e d   and  e l i m i n a t e d .  

In  F i g u r e   3,  t h e   p l a s t i c   f i l m   i s   shown   as  i t   i s  

b e i n g   u n r o l l e d   f r o m   r o l l   13.   As  shown  in   t h e   t o p   p l a n  

v i e w   of  F i g u r e   2,  t h e   e n d s   20,   21  of   t h e   p l a s t i c   f i l m  

a r e   d r a p e d   o v e r   t h e   s u r f a c e   a b o v e   t h e   s i d e   w a l l s   o f   t h e  

t r e n c h .   The  b e n t o n i t e   s l u r r y   B  in  t r e n c h   T  e x e r t s   a  

h y d r a u l i c   h e a d   on  t h e   s i d e s   of   t h e   p l a s t i c   f i l m   w h i c h   i s  

i m m e r s e d   t h e r e b y   f o r c i n g   any  a i r   o u t   of   t h e   c o n s t r u c t i o n .  

T h u s ,   t h e   h y d r a u l i c   p l a c e m e n t   of   t h e   b a c k f i l l   m a t e r i a l  

a p p l i e s   a  p r e s s u r e   a g a i n s t   t h e   i n s i d e   s u r f a c e s   o f   t h e  

p l a s t i c   f i l m   t h e r e b y   f o r c i n g   and  d i s p l a c i n g   t h e   b e n t o n i t e  

s l u r r y   t o w a r d s   t h e   e x c a v a t i n g   end  of   t h e   t r e n c h   t h e r e b y  



r e d u c i n g   t h e   a m o u n t   of  b e n t o n i t e   r e q u i r e d   to   p e r f o r m   t h e  

e x c a v a t i o n .  

I t   w i l l   be  a p p r e c i a t e d   t h a t   t h e   e x c a v a t i n g   s l u r r y  

can   in   f a c t   by  a  c e m e n t i o u s   b e n t o n i t e   m i x t u r e   a n d   t h e  

b a c k f i l l   m a t e r i a l   30  c an   i t s e l f   be  a  s e l f - h a r d e n i n g  

s u b s t a n c e   s u c h   as  a  c e m e n t - b e n t o n i t e   m i x t u r e .  

When  t h e   end  of   t h e   r o l l   13  i s   a p p r o a c h e d ,   t h e  

b a c k f i l l i n g   i s   w i t h h e l d   f o r   a  d i s t a n c e   o f   a p p r o x i m a t e l y  

50  f e e t .   The  r o l l   13  i s   t h e n   l i f t e d   o u t   of   t h e   e x c a v a - '  

t i o n   and   t h e   r e m a i n i n g   p o r t i o n s   c o m p l e t e l y   u n r o l l e d   a n d  

w a s h e d   of   b e n t o n i t e   m a t e r i a l   and  l a i d   f l a t .   A  s e c o n d  

r o l l   i s   t h e n   p l a c e d   on  t h e   c a r r i e r   and  i t s   end   u n r o l l e d  

and  two  e n d s   a r e   t h e n   w e l d e d   t o g e t h e r   u s i n g   c o n v e n t i o n a l  

p l a s t i c   s h e e t   w e l d i n g .   F o r   e x a m p l e ,   R . F .   W e l d i n g   o r  

o t h e r   h e a t   seam  w e l d i n g   c an   be  u t i l i z e d   to   j o i n   t h e   e n d  

of  t h e   new  r o l l   to  t h e   end  of   t h e   o l d   r o l l .   The   n e w  

r o l l   i s   t h e n   l o w e r e d   b a c k   i n t o   t h e   t r e n c h   o r   s l o t   T  

and  t h e   b a c k f i l l i n g   o p e r a t i o n   r e s u m e s   a l o n g   w i t h   t h e  

e x c a v a t i n g   o f   t h e   f o r w a r d   end   of   t h e   t r e n c h .  

In   t h i s   r e g a r d ,   i n s t e a d   o f   t h e   r o l l   b e i n g   v e r t i c a l  

and   i n s t e a d   of   a  f o l d   a t   t h e   b o t t o m   of   t h e   t r e n c h ,   t h e  

r o l l   i s   n o t   f o l d e d   b u t   i s   s i m p l y   r o l l e d   a l o n g   t h e   t o p   o f  

t h e   t r e n c h   so  t h a t   i t   f l o a t s   on  t h e   b e n t o n i t e   s l u r r y .  

The  e n d s   of  t h e   r o l l   e x t e n d   q u i t e   some  d i s t a n c e   b e y o n d  

t h e   e d g e s   of   t h e   e x c a v a t i o n  a n d   t h e   end  of   t h e   r o l l   i s  

t h e n   p u s h e d   to  t h e   b o t t o m   of   t h e   t r e n c h   e i t h e r   by  t h e  

b a c k f i l l   m a t e r i a l   or   by  a  r i g i d   r o d   and  t h e   b a c k f i l l i n g  

o p e r a t i o n   c o m m e n c e d .   In  t h i s   c a s e ,   t h e   r o l l   p e r   se  n e v e r  

g o e s   b e l o w   t h e   s u r f a c e   b u t   t h e   ends   t h e r e o f   i s   o p e n   a n d  

c l e a r   f o r   p e r f o r m i n g   t h e   w e l d i n g   o p e r a t i o n   to   a d d   t h e  

n e x t   r o l l   o n .  

L a r g e r   r o l l s   can   be  a c c o m o d a t e d   by  v a r y i n g   t h e  

t h i c k n e s s   of   t h e   t r e n c h   a l o n g   t h e   l i n e   of  t h e   b a r r i e r .  

T h u s ,   as  t h e , ,  r o l l   i s   p a y e d   o u t ,   t h e   t r e n c h   c a n   be  m a d e  

n a r r o w e r ,   t h i s   a p p r o a c h   h a v i n g   t h e   a d v a n t a g e   o f   p e r m i t t i n g  

l o n g e r   r o l l s   and  m i n i m i z i n g   t h e   n u m b e r   of   j o i n t s .  



R e f e r r i n g   now  to  F i g u r e   5,  a  b a c k h o e   e x c a v a t o r   4 0  

i s   shown  e x c a v a t i n g   t h e   t r e n c h   or   s l o t   T'  w h i c h   i s  

m a i n t a i n e d   f u l l   of   b e n t o n i t e   s l u r r y   B.  A  r a c k   41  w i t h  

a  a c c o r d i o n   f o l d e d   l i n e r   F'  i s   c o u p l e d   by  p u l l i n g  

c a b l e s   or   a  d r a w   b a r   to   b a c k h o e   40.   In  t h i s   m e t h o d ,   t h e  

l a y i n g   of  t h e   p l a s t i c   c o m p r i s e s   in   f o l d i n g   i t   up  a c c o r -  

d i o n   s t y l e   in   a  l a r g e   r o l l   a b o v e   g r o u n d   w i t h   t h e   b a c k -  

f i l l   m a t e r i a l   o p e n i n g   up  t h e   f o l d s   and  p u s h i n g   t h e   p l a s -  

t i c   down  i n t o   t h e   t r e n c h   as  i l l u s t r a t e d  i n   F i g u r e   5.  T h e  

j o i n i n g   o f   t h e   e n d s   of   t h e   f i l m   F'  of   a  new  r o l l   t o   t h e  

o l d   r o l l   d o e s   n o t   t h e r e b y   r e q u i r e   t h e   r e m o v i n g   of   t h e  

e x p e n d e d   r o l l   as  in   t h e   e m b o d i m e n t   of  F i g u r e   1.  A s  

s h o w n   in   F i g u r e   6,  t h e r e   i s   as  i n   t h e   c a s e   of  F i g u r e   4 ,  

a  b e n t o n i t e   j e l l   of   a  z o n e   of   b e n t o n i t e   i n t r u s i o n   5,  a  

b e n t o n i t e   c a k e   6  and  p l a s t i c   l a y e r   or   s h e e t   7  on  e a c h  

s i d e   of  t h e   t r e n c h   and  t h e   b a c k f i l l   m a t e r i a l   o f ' s a n d ,  

g r a v e l   e t c .   I t   w i l l   be  a p p r e c i a t e d   t h a t   t h e   p l a s t i c  

f i l m   can   be  p a y e d   o u t   f r o m   a  p a i r   of  p a r a l l e l   r o l l s  

and  p r i o r   to   e n t r y   to   t h e   t r e n c h   h e a t   s e a l e d   or  o t h e r -  

w i s e   b o n d e d   a t   t h e   l o w e r   e d g e s   of  t h e   two  r o l l s   to   f o r m  

t h e   j o i n t   t h a t   w i l l   e v e n t u a l l y   be  a t   t h e   b o t t o m   of   t h e  

t r e n c h .  

T h u s ,   t h e r e   has   b e e n   d i s c l o s e d   an  i m p r o v e d   p r o c e s s  
and   a p p a r a t u s   f o r   c o n s t r u c t i n g   a  n o v e l   i m p e r m e a b l e   m e m -  

b r a n e   o f  - 3 0   to   40  f e e t   in   d e p t h   w h i c h   i s   p a r t i c u l a r l y  

u s e f u l   f o r   c o n t a i n i n g   a r e a s   of   i n d u s t r i a l   p o l l u t a n t s   a n d  

a r r e s t i n g   u n d e r g r o u n d   s e e p a g e   w h e r e   t h e r e   i s   l i t t l e   o r  

no  g r a d i e n t   b e t w e e n   t h e   o u t s i d e   w a t e r   t a b l e   and   t h e  

p o l l u t e d   a r e a   i n s i d e .   M o r e o v e r ,   t h e   i n v e n t i o n   h a s  

a p p l i c a b i l i t y   to   f o r m i n g   w a t e r   and  p e t r o l e u m   i m p o u n d -  

m e n t s ,   c u t - o f f   w a l l s   and  w a t e r   c h a n n e l i z a t i o n   a t   r e l a -  

t i v e l y  h i g h   r a t e   of  i n s t a l l a t i o n   and   a t   r e l a t i v e l y   l o w  

c o s t .  

W h i l e   I  h a v e   d i s c l o s e d   s e v e r a l   e m b o d i m e n t s   o f   t h e  

i n v e n t i o n   and   s u g g e s t e d   o t h e r   m o d i f i c a t i o n s ,   i t   w i l l   b e  

a p p a r e n t   t h a t   many  m o d i f i c a t i o n s   w h i c h   w i l l   be  o b v i o u s  



to   t h o s e   s k i l l e d   in   t h e   a r t   and  i t   i s   i n t e n d e d   t h a t  

s u c h   m o d i f i c a t i o n s   be  e n c o m p a s s e d   w i t h i n   t h e   s p i r i t  

and  s c o p e   of  t h e   c l a i m s   a p p e n d e d   h e r e t o .  



1.  An  u n d e r g r o u n d   f l u i d   m a t e r i a l   f l o w   c o n t r o l  

c a r r i e r :   c o m p r i s i n g  

1)  a  n a r r o w   s l o t   i n   t h e   e a r t h   h a v i n g   a  l e n g t h  

e x t e n d i n g   a c r o s s   t h e   e x p e c t e d   p o l l u t i o n   p a t h   a n d   a  d e p t h  

e x t e n d i n g   a t   l e a s t   t o - t h e   w a t e r   t a b l e ,  

2)  b e n t o n i t e   i m p r e g n a t i n g   t h e   e a r t h   w a l l s   o f   s a i d  

s l o t   and   f o r m i n g   a  b e n t o n i t e   c a k e   on  t h e   i n n e r   s u r f a c e s  

t h e r e o f ,  

'3)  a  p l a s t i c   s h e a t h   in   s a i d   n a r r o w   s l o t   and   i n  

c o n t i g u o u s   r e l a t i o n   to  a l l   s u r f a c e s   i n   s a i d   s l o t   a n d ,  

4)  a  m a t e r i a l   f i l l i n g   s a i d   s h e a t h   h a v i n g   a  d e n s i t y  

g r e a t e r   t h a n   b e n t o n i t e   s l u r r y   u s e d   in   f o r m i n g   s a i d  

n a r r o w   s l o t .  

2.  The  u n d e r g r o u n d   f l u i d   m a t e r i a l   f l o w   c o n t r o l  

b a r r i e r   d e f i n e d   in   C l a i m   1  i n c l u d i n g   m e a n s   in   s a i d  

s h e a t h   f o r   d r a i n i n g   t h e   b a c k f i l l   m a t e r i a l .  

3.  The  u n d e r g r o u n d   f l u i d   m a t e r i a l   f l o w   c o n t r o l  

b a r r i e r   d e f i n e d   in   C l a i m   1  w h e r e i n   s a i d   m a t e r i a l   f i l l i n g  

s a i d   s h e a t h   i s   s a n d .  

4 .   The  u n d e r g r o u n d   f l u i d   m a t e r i a l   f l o w   c o n t r o l  

b a r r i e r   d e f i n e d   in   C l a i m   1  w h e r e i n   s a i d   m a t e r i a l   f i l l i n g  

s a i d   s h e a t h   i s   a  s e l f - h a r d e n a b l e   w a l l   f o r m i n g   m a t e r i a l .  

5.  The   u n d e r g r o u n d   f l u i d   m a t e r i a l   f l o w   c o n t r o l  

b a r r i e r   d e f i n e d   in   C l a i m   1  w h e r e i n   s a i d   m a t e r i a l   f i l l i n g  

s a i d   s h e a t h   i s   a  m i x t u r e   of   c e m e n t   and  b e n t o n i t e .  

6.  The   u n d e r g r o u n d   f l u i d   m a t e r i a l   f l o w   c o n t r o l  

b a r r i e r   d e f i n e d   in   C l a i m   1  w h e r e i n   s a i d   p l a s t i c   s h e a t h  

i n c l u d e s   a  s t r e n g t h e n i n g   m a t e r i a l .  



7.  The  u n d e r g r o u n d   f l u i d   m a t e r i a l   f l o w   c o n t r o l  

b a r r i e r   d e f i n e d   in  C l a i m   6  w h e r e i n   s a i d   s t r e n g t h e n i n g  

m a t e r i a l   i s   a  w o v e n   f a b r i c .  

8.  The  u n d e r g r o u n d   f l u i d   c o n t r o l   b a r r i e r   d e f i n e d  

i n   C l a i m   1  w h e r e i n   s o i l   m a t e r i a l   f i l l i n g   s a i d   s h e a t h   i s  

a  c o a r s e   g r a n u l a r   m a t e r i a l ,   a n d   m e a n s   f o r   d r a i n i n g   s a i d  

c o a r s e   g r a n u l a r   m a t e r i a l .  

9.  A  p o l l u t i o n   c o n t r o l   b a r r i e r   c o m p r i s i n g  

a  n a r r o w   s l o t   in   t h e   e a r t h ,   s a i d   s l o t   e x t e n d i n g  

d o w n w a r d l y   in   t h e   e a r t h   a t   l e a s t   to   t h e   w a t e r   t a b l e ,  

a  p l a s t i c   s h e a t h   c o n t a c t i n g   a t   l e a s t   t h e   s i d e s  

and  b o t t o m   of  s a i d   s l o t ,   a n d  

a  b a c k f i l l   m a t e r i a l   c o n t a i n e d   w i t h i n   s a i d   p l a s -  

t i c   s h e a t h .  

10.  A  m e t h o d   of  c o n s t r u c t i n g   an  u n d e r g r o u n d   f l u i d  

b a r r i e r   c o m p r i s i n g :  

e x c a v a t i n g   a  t r e n c h   a l o n g   t h e   d e s i r e d   l i n e   o f  

s a i d   b a r r i e r   in   t h e   p r e s e n c e   of   a  b e n t o n i t e   s l u r r y ,   s a i d -  

t r e n c h   h a v i n g   a  p a i r   of  f a c i n g   s i d e   w a l l s ,  

and  s i m u l t a n e o u s l y   i n s t a l l i n g   a  f l e x i b l e   i m p e r -  

v i o u s   l i n i n g   m a t e r i a l   a d j a c e n t   e a c h   of   s a i d   f a c i n g   w a l l s  

and  a l o n g   t h e   b o t t o m   of   s a i d   t r e n c h   and   b a c k f i l l i n g   t h e  

s p a c e   b e t w e e n   s a i d   l i n i n g   m a t e r i a l   a n d   d i s p l a c i n g   s a i d  

b e n t o n i t e   s l u r r y   in   a  s e l e c t e d   d i r e c t i o n   by  s a i d   l i n i n g  

m a t e r i a l .  

11.  The  m e t h o d   d e f i n e d   in   C l a i m   10  w h e r e i n   s a i d  

l i n i n g   m a t e r i a l   i s   p l a s t i c .  

12.   The  m e t h o d   d e f i n e d   i n   C l a i m   10  w h e r e i n   s a i d  

b a c k f i l l i n g   m a t e r i a l   i s   a  c o a r s e   g r a n u l a r   m a t e r i a l   w h i c h  

in   b u l k ,   i s   s u r r o u n d e d   on  a t   l e a s t   t h e   b o t t o m   and   s i d e s  



t h e r e o f   by  s a i d   l i n i n g   m a t e r i a l   and   as  i n s t a l l e d   d i s -  

p l a c e s   s a i d   b e n t o n i t e   s l u r r y   i n   s a i d   d i r e c t i o n .  

13.   The   m e t h o d   d e f i n e d   in   C l a i m   10  w h e r e i n   s a i d  

f l e x i b l e   i m p e r v i o u s   l i n i n g   m a t e r i a l   i s   c o n s t i t u t e d   b y  

a  p a i r   o f   p l a s t i c   s h e e t s   w h i c h   h a v e   b e e n   h e r m e t i c a l l y  

j o i n e d   a t   t h e i r   c o n t i g u o u s   l o w e r   e d g e s   to   f o r m   a n  

i m p e r v i o u s   e n v e l o p e   in   s a i d   t r e n c h .  

14.   A  m e t h o d   of  c o n s t r u c t i n g   an  u n d e r g r o u n d   p o l l u -  

t i o n   c o n t r o l   b a r r i e r   c o m p r i s i n g :  

e x c a v a t i n g   a  t r e n c h   a l o n g   t h e   d e s i r e d   l i n e   o f  

s a i d   p o l l u t i o n   c o n t r o l   b a r r i e r   in   t h e   p r e s e n c e   of   a  

e x c a v a t i o n   s l u r r y ,  

i n s t a l l i n g   a  d o u b l e   l a y e r e d   p l a s t i c   m e m b r a n e  

w h i c h   i s   j o i n e d   a t   t h e   b o t t o m   of  t h e   t r e n c h   and   o p e n e d  

a t   t h e   t o p   and   of  s u f f i c i e n t   v e r t i c a l   e x t e n t   to   e x t e n d  

a b o v e   t h e   g r o u n d   s u r f a c e   on  b o t h   s i d e s   of  s a i d   t r e n c h ,  

as  s a i d   d o u b l e   l a y e r   p l a s t i c   m e m b r a n e   i s   i n -  

s t a l l e d   in   t h e   t r e n c h ,   h y d r a u l i c a l l y   b a c k f i l l i n g   b e t w e e n  

t h e   two  f a c i n g   s u r f a c e s   of   s a i d   d o u b l e   l a y e r e d   p l a s t i c  

m e m b r a n e   w i t h   a  b a c k f i l l i n g   m a t e r i a l ,   s a i d   b a c k f i l l i n g  

m a t e r i a l   h a v i n g   a  d e n s i t y   g r e a t e r   t h a n   t h e   d e n s i t y   o f  

t h e   b e n t o n i t e   s l u r r y   to  s i n k   t h e   m e m b r a n e   to   t h e   b o t t o m  

of   s a i d   t r e n c h   and  d i s p l a c e   t h e   b e n t o n i t e   s l u r r y   f o r w a r d  

in   t h e   t r e n c h   t o w a r d   t h e   end  b e i n g   e x c a v a t e d   and   r e d u c e  

t h e   a m o u n t   of   b e n t o n i t e   n e e d e d   f o r   t h e   e x c a v a t i o n ,  

w h e r e b y   s a i d   p o l l u t i o n   . c o n t r o l   b a r r i e r   i s   c o n -  

s t i t u t e d   by  t h e   a r e a s   of   t h e   two  e a r t h   s i d e   w a l l s   of   t h e  

t r e n c h   e a c h   s i d e   w a l l   b e i n g   p e r m e a t e d   by  b e n t o n i t e   a n d  

h a v i n g   b e n t o n i t e   c a k e   c o n t i g u o u s   t h e r e t o ,   a  p l a s t i c   m e m -  

b r a n e   and   t h e   b a c k f i l l   m a t e r i a l   b e t w e e n   t h e   f a c i n g   s u r -  

f a c e s   o f   s a i d   p l a s t i c   m e m b r a n e .  
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