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Method  and  apparatus  for  constructing  an  underwater  fill. 

©  A  method  of  constructing  an  underwater  fill  in  a  manner 
which  enables  the  formation  of  a  dense  fill  pile  having  steep 
side  slopes  and  having  an  improved  capability  to  resist  ero- 
sion.  The  method  comprises  withdrawing  water  from  fill  de- 
posited  at  an  underwater  construction  site  as  fresh  fill  is 
added  to  the  underwater  fill  pile. 

Apparatus  for  performing  the  method  comprises  a  per- 
forated  conduit,  pumping  means  for  pumping  water  and  a 
closed  conduit  for  water  communication  between  the  perfo- 

Cl  rated  conduit  and  the  pumping  means.  Operation  of  the 
^   pumping  means  withdraws  water  from  underwater  fill  sur- 

rounding  the  perforated  conduit  for  passage  through  the 
m  conduits  and  discharge  from  the  pumping  means. 
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T h i s   a p p l i c a t i o n   p e r t a i n s   to  a  m e t h o d   o f  c o n -  

s t r u c t i n g   an  u n d e r w a t e r   f i l l   ( i . e .   so  as  to   f o rm  a n  

a r t i f i c i a l   i s l a n d ,   c a u s e w a y ,   b r e a k w a t e r ,   e t c . )   and   t o  

a p p a r a t u s   a d a p t e d   to   c a r r y   o u t   t h e   m e t h o d .   More  p a r t i -  

c u l a r l y ,   t h e   a p p l i c a t i o n   p e r t a i n s   to  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 w a t e r   f i l l   so  as  to   i n c r e a s e   t h e   d e n -  

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

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

f i l l ' s   a b i l i t y   to   r e s i s t   e r o s i o n .   The  a p p a r a t u s   is  u s e d  

to   w i t h d r a w   w a t e r   f rom  t h e   u n d e r w a t e r   f i l l   p i l e   as  f r e s h  

f i l l   is   a d d e d   to   t h e   p i l e .  

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

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

w e l l - k n o w n   u n d e r w a t e r   f i l l   t e c h n i q u e s .   T y p i c a l l y ,  

p a r t i c u l a t e   f i l l   m a t e r i a l   s u c h   as  s a n d   or  s a n d - s i l t   i s  

e x c a v a t e d   a t   an  u n d e r w a t e r   s i t e   t e r m e d   t h e   " b o r r o w   p i t "  

and  t h e n   dumped   a t   an  u n d e r w a t e r   c o n s t r u c t i o n   s i t e   a t  

w h i c h   t h e   p a r t i c u l a r   s t r u c t u r e   is   d e s i r e d .   U s u a l l y ,  

v e r y   l a r g e   q u a n t i t i e s   of  f i l l   m a t e r i a l   m u s t   be  e x c a v a t e d  

and  dumped   a t   t h e   u n d e r w a t e r   c o n s t r u c t i o n   s i t e   in  o r d e r  

to  a c c u m u l a t e   an  a d e q u a t e   b a s e   to  s u p p o r t   w h a t e v e r  

s t r u c t u r e s   may  be  d e s i r e d   a b o v e   t h e   s u r f a c e   of  t h e  

w a t e r .   For  e x a m p l e ,   if   i t   is  d e s i r e d   to  b u i l d   a  c a u s e -  

way,   t h e n   s u f f i c i e n t   u n d e r w a t e r   f i l l   m u s t   be  dumped  a t  



t h e   c o n s t r u c t i o n   s i t e   to   f o rm  an  a b o v e - w a t e r   s u r f a c e  

upon   w h i c h   a  r o a d   or   r a i l b e d   of  d e s i r e d   w i d t h   may  b e  

c o n s t r u c t e d .   S i m i l a r l y ,   i f   i t   is   d e s i r e d   to  b u i l d   a n  

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

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

i s l a n d   h a v i n g   an  a b o v e - w a t e r   s u r f a c e   a r e a   a d e q u a t e   t o  

s u p p o r t   w h a t e v e r   b u i l d i n g s   or   e q u i p m e n t   may  be  r e q u i r e d  

to   s a t i s f y   t h e   c o n t e m p l a t e d   end  use   of  t h e   i s l a n d .  

M a s s e s   of  p a r t i c u l a t e   f i l l   dumped   a t   an  u n d e r -  

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

l i k e   t r u n c a t e d   c o n e s .   I t   has   b e e n   f o u n d   t h a t   t h e   s i d e  

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

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

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

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

m a s s i v e   q u a n t i t i e s   of  f i l l   m a t e r i a l   a t   t h e   u n d e r w a t e r  

c o n s t r u c t i o n   s i t e   in  o r d e r   to   a c c u m u l a t e   an  u n d e r w a t e r  

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

a r e a .  

S u p p o s e ,   f o r   e x a m p l e ,   t h a t   i t   is  d e s i r e d   t o  

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

w a t e r   s u c h   t h a t   t h e   i s l a n d   s u r f a c e   is   c i r c u l a r ,   o n e -  

h u n d r e d   m e t e r s   in  d i a m e t e r   and  p r o j e c t s   two  m e t r e s   a b o v e  

t h e   s u r f a c e   of  t h e   w a t e r .   I t   can   e a s i l y   be  shown  t h a t  

a b o u t   1 , 3 0 0 , 0 0 0   c u b i c   m e t r e s   of  f i l l   m a t e r i a l   w o u l d   b e  

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

a b o u t   f i v e   d e g r e e s   w i t h   r e s p e c t   to  t he   h o r i z o n t a l .  

A p p r o x i m a t e l y   t h r e e   to  f o u r   m o n t h s   w o u l d   be  r e q u i r e d   t o  

c o n s t r u c t   t h e   i s l a n d   u s i n g   c o n v e n t i o n a l   d r e d g i n g   t e c h -  

n i q u e s .  

C l e a r l y ,   t h e   t i m e   r e q u i r e d   to  c o n s t r u c t   a n  

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



t h e   a m o u n t   of  f i l l   m a t e r i a l   r e q u i r e d   c o u l d   be  r e d u c e d .  

R e d u c e d   c o n s t r u c t i o n   t i m e   is  of  p a r t i c u l a r   i n t e r e s t   w i t h  

r e s p e c t   to   A r c t i c   c o n s t r u c t i o n   p r o j e c t s   s i n c e   c l i m a t i c  

c o n d i t i o n s   in  t h e   A r c t i c   p e r m i t   c o n s t r u c t i o n   o p e r a t i o n s  

to   be  c a r r i e d   o u t   f o r   a t   m o s t   t h r e e   m o n t h s   of  t h e   y e a r .  

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

u n d e r w a t e r   f i l l )   c o u l d   a l s o   c l e a r l y   be  r e d u c e d   b y  

r e d u c i n g   t h e   a m o u n t   of  f i l l   m a t e r i a l   c o n s u m e d .   C o n c o m i -  

t a n t   e n v i r o n m e n t a l   a d v a n t a g e s   may  a l s o   be  o b t a i n e d   b y  

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

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

t h e   s u r f a c e   a r e a   of  t h e   u n d e r w a t e r   bed  upon   w h i c h   f i l l  

m a t e r i a l   m u s t   be  d e p o s i t e d   to  y i e l d   t h e   d e s i r e d   s t r u c -  

t u r e .  

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

c o n s t r u c t   an  u n d e r w a t e r   f i l l   may  be  r e d u c e d   so  as  t o  

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

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

p e c t   to   t h e   h o r i z o n t a l .   For   e x a m p l e ,   i f   t h e   a r t i f i c i a l  

i s l a n d   d i s c u s s e d   in  t h e   a b o v e   e x a m p l e   c o u l d   be  c o n -  

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

r e s p e c t   to   t h e   h o r i z o n t a l ,   t h e n   o n l y   a b o u t   3 7 0 , 0 0 0   c u b i c  

m e t r e s   of  f i l l   m a t e r i a l   w o u l d   be  r e q u i r e d .   S t a t e d  

a n o t h e r   way ,   l e s s   t h a n   o n e - t h i r d   as  much  f i l l   m a t e r i a l ,  

r e q u i r i n g   o n l y   a b o u t   o n e - t h i r d   as  much  t i m e   to  e x c a v a t e  

and  d e p o s i t ,   w o u l d   be  r e q u i r e d   to  c o n s t r u c t   t h e   i s l a n d  

w i t h   f i f t e e n   d e g r e e   s i d e   s l o p e s   as  o p p o s e d   to  f i v e  

d e g r e e   s i d e   s l o p e s .   If   t h e   i s l a n d   was  to   be  c o n s t r u c t e d  

in  t h i r t y f i v e   m e t r e s   of  w a t e r   ( as   o p p o s e d   to  f i f t e e n  

m e t r e s   of  w a t e r ) ,   t h e n   an  i s l a n d   w i t h   f i f t e e n   d e g r e e  

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

much  f i l l   m a t e r i a l   and  c o n s t r u c t i o n   t i m e   as  an  i s l a n d  

h a v i n g   f i v e   d e g r e e   s i d e   s l o p e s .   I n d e e d ,   t h e   a m o u n t   o f  

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



f i f t e e n   d e g r e e   s i d e   s l o p e s   in  t h i r t y - f i v e   m e t r e s   o f  

w a t e r   i s   r o u g h l y   t h e   same  as  w o u l d   be  r e q u i r e d   to   c o n -  

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

s l o p e s )   in  o n l y   f i f t e e n   m e t r e s   of  w a t e r .  

The  d i f f i c u l t y ,   of  c o u r s e   l i e s   in  o v e r c o m i n g  

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

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

s l o p e s   when  d e p o s i t e d   u n d e r w a t e r   d u r i n g   c o n v e n t i o n a l  

c o n s t r u c t i o n   o p e r a t i o n s .   The  s t a t e   of  t h e   a r t   is  s u c h  

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

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

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

m e t e r s ,   s i n c e   t h e   s h a l l o w   ( i . e .   a b o u t   t h r e e   to  f i v e  

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

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

m a t e r i a l   t h a n   can   be  h a n d l e d   d u r i n g   t h e   s h o r t   A r c t i c  

c o n s t r u c t i o n   s e a s o n .   Where   l a r g e   w o r k i n g   p l a t f o r m s   a r e  

r e q u i r e d   in  d e e p e r   A r c t i c   w a t e r   ( i . e .   up  to   a b o u t  

t h i r t y - f i v e   m e t r e s ) ,   c u r r e n t   p r a c t i c e   is   to  u t i l i z e   a  

c o s t l y   s t r u c t u r e   ( a b o u t   $ l 5 0 , 0 0 0 , 0 0 0 )   r e s t i n g   on  a  s a n d  

f i l l e d   be rm  a b o u t   t e n   m e t e r s   h i g h   f o r m e d   w i t h   c o n v e n -  

t i o n a l   u n d e r w a t e r   f i l l   t e c h n i q u e s .  

The  p r e s e n t   i n v e n t i o n   p r o v i d e s   a  m e t h o d   a n d  

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

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

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

ned  a t   a n g l e s   s i g n i f i c a n t l y   g r e a t e r   t h a n   f i v e   d e g r e e s  

w i t h   r e s p e c t   to   t h e   h o r i z o n t a l ,   t h e r e b y   g r e a t l y   r e d u c i n g  

t h e   a m o u n t   of  f i l l   m a t e r i a l   and  t i m e   r e q u i r e d .  

The  i n v e n t o r   b e l i e v e s   t h a t   t h e   a n g l e   of  i n c l i -  

n a t i o n   w i t h   r e s p e c t   to  t h e   h o r i z o n t a l   a t   w h i c h   p a r t i -  



c u l a t e   f i l l   may  a c c u m u l a t e   d u r i n g   c o n s t r u c t i o n   of  a  c o n -  

v e n t i o n a l   u n d e r w a t e r   f i l l   p i l e   is  l i m i t e d   by  f o r c e s   g e n -  
e r a t e d   d u r i n g   c o n s t r u c t i o n   of  t h e   f i l l .   Such   f o r c e s   a r e  

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

f i l l   m a t e r i a l   dumped   o n t o   t h e   p i l e ,   to  d e v e l o p   w i t h i n  

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

a g a i n s t   t h e   p i l e   s i d e   s l o p e s   as  t h e   p i l e   i s - f o r m e d .   I n  

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

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

u n d e r w a t e r   f i l l   p i l e   t e n d s   to   c o m p r e s s   " p o r e   w a t e r "  

t r a p p e d   in  t h e   i n t e r s t i c e s   b e t w e e n   a d j a c e n t   p a r t i c l e s   o f  

f i l l   w i t h i n   t h e   p i l e .   S i n c e   w a t e r   is  v i r t u a l l y   i n c o m -  

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

w a r d l y   f rom  t h e   c e n t r e   of  t h e   a c c u m u l a t i n g   p i l e ,   t o  

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

p i l e   and  t h e   s u r r o u n d i n g   w a t e r .   I t   is   b e l i e v e d   t h a t   t h e  

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

f o r c e s   w h i c h   t e n d   to  k n o c k   t h e   s i d e   s l o p e s   down  (o r   a t  

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

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

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

f o r c e s .   To  t h a t   e n d ,   t h e   i n v e n t o r   p r o p o s e s   t h a t ,   d u r i n g  

c o n s t r u c t i o n   of  t h e   u n d e r w a t e r   f i l l ,  w a t e r   be  w i t h d r a w n  

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

a p p r o x i m a t e l y   e q u a l   to  t he   r a t e   a t   w h i c h   p o r e   w a t e r  

w o u l d   o t h e r w i s e   be  f o r c e d   o u t   of  t h e   p i l e   by  f r e s h   f i l l  

dumped   o n t o   t h e   a c c u m u l a t i n g   f i l l   p i l e .   I t   is  b e l i e v e d  

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

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

s i d e   s l o p e s   much  s t e e p e r   t h a n   t h o s e   c o n v e n t i o n a l l y  

o b t a i n e d .  

F u r t h e r   b e n e f i t s   a r e   b e l i e v e d   to  be  a t t a i n a b l e  

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

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



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

and  t h e   s u r r o u n d i n g   w a t e r .   T h a t   i s ,   a l t h o u g h   i t   i s  

d e s i r a b l e   to  m i n i m i z e   t h e   f l o w   of  w a t e r   o u t   f rom  t h e  

s i d e s   of  t h e   p i l e ,   i t   i s   more   d e s i r a b l e   to  s t o p   t h e   o u t -  

ward   f l o w   of  w a t e r   a l t o g e t h e r   and  e v e n   more   d e s i r a b l e   t o  

r e v e r s e   t h e   f l o w   so  t h a t   w a t e r   f l o w s   i n t o   t h e   s i d e s   o f  

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

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

t h e   f o r m a t i o n   of  a  s t e e p e r ,   more   d e n s e   p i l e .   In  p a r t i -  

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

f i l l   may  be  s i g n i f i c a n t l y   i n c r e a s e d   by  d r a w i n g   w a t e r  

t h e r e i n t o   as  a f o r e s a i d .   I n c r e a s e d   d e n s i t y   is   d e s i r a b l e  

in  u n d e r w a t e r   f i l l   c o n s t r u c t i o n   s i n c e   any  p o s t - c o n s t r u c -  

t i o n   s h a k i n g   of  a  l o o s e l y   f o r m e d   u n d e r w a t e r   f i l l   m a y  

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

c o l l a p s e )   of  t h e   f i l l .   The  a c c u m u l a t i n g   p i l e   a l s o   h a s  

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

f r o m   w h i c h   w a t e r   i s   w i t h d r a w n .  

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

be  t a k e n   as  l i m i t i n g   t h e   i n v e n t i o n  -   i t   i s   p r e s e n t e d  

o n l y   to  a s s i s t   t h o s e   s k i l l e d   in  t h e   a r t   in  u n d e r s t a n d i n g  

t h e   i n v e n t i o n .   B e c a u s e   t h e   u n d e r l y i n g   t h e o r i e s   a r e   n o t  

w e l l   s e t t l e d ,   t h e   i n v e n t o r   has   d e v e l o p e d   s e v e r a l   s t a t e -  

m e n t s   of  c h a r a c t e r i z a t i o n   f o r   t h e   i n v e n t i o n   w h i c h   d i f f e r  

o n l y   in  t h e   way  t h e y   e x p r e s s   t h e   u n d e r l y i n g   t h e o r y .   F o r  

e x a m p l e ,   t h e   i n v e n t i o n   may  be  c h a r a c t e r i z e d   as  b e i n g  

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

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

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

f r e s h   f i l l   i s   a d d e d   t h e r e t o ,   s u c h   t h a t   t h e   work  done   o n  

w a t e r   w i t h d r a w n   f r o m   t h e   u n d e r w a t e r   f i l l   is  a p p r o x i -  

m a t e l y   e q u a l   to   t h e   e n e r g y   i n t r o d u c e d   i n t o   t h e   u n d e r -  

w a t e r   f i l l   by  t h e   c o m b i n e d   a c t i o n   of  f i l l   m a t e r i a l  

dumped   o n t o   t h e   p i l e   and  w a t e r   s e t   in  m o t i o n   by  t h e  



m a t e r i a l   as  i t   s e t t l e s   o n t o   t h e   p i l e .   The  i n v e n t i o n   m a y  

a l t e r n a t e l y   be  c h a r a c t e r i z e d   as  b e i n g   d i r e c t e d   to  a  

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

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

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

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

s i d e   s l o p e s   is  m i n i m i z e d ,   s t o p p e d   or   r e v e r s e d .   A l t e r n a -  

t i v e l y ,   t h e   i n v e n t i o n   may  be  c h a r a c t e r i z e d   as  b e i n g  

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

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

d r a w i n g   w a t e r   f r o m   t h e   p i l e   as  f r e s h   f i l l   is  a d d e d  

t h e r e t o .   As  a  f u r t h e r   a l t e r n a t i v e ,   t h e   i n v e n t i o n   may  b e  

c h a r a c t e r i z e d   as  b e i n g   d i r e c t e d   to   a  m e t h o d   of   i n -  

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

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

w a t e r   f r o m   t h e   p i l e   as  f r e s h   f i l l   i s   a d d e d   t h e r e t o .  

In  a c c o r d a n c e   w i t h   t h e   p r e f e r r e d   e m b o d i m e n t   o f  

t h e   i n v e n t i o n ,   a p p a r a t u s   a d a p t e d   to  c a r r y   o u t   t h e   a f o r e -  

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

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

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

and  t h e   p u m p i n g   m e a n s .   O p e r a t i o n   of  t h e   p u m p i n g   m e a n s  

c a u s e s   w a t e r   to  be  w i t h d r a w n   f rom  u n d e r w a t e r   f i l l   s u r -  

r o u n d i n g   t h e   p e r f o r a t e d   c o n d u i t .   The  w i t h d r a w n   w a t e r   i s  

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

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

m e a n s .  

A d v a n t a g e o u s l y ,   a  m o v e a b l e   s e a l i n g   m e a n s   i s  

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

t e d   c o n d u i t   to   p r e v e n t   w a t e r   c o m m u n i c a t i o n   t h r o u g h   t h e  

s e l e c t e d   p o r t i o n .   The  p e r f o r a t e d   c o n d u i t   is   p e r f o r a t e d  

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

means   is   p r e f e r a b l y   m o v e a b l e   w i t h   r e s p e c t   to   t h e   p e r f o -  



r a t e d   p o r t i o n   so  as  to  p e r m i t   p o r e   w a t e r   c o m m u n i c a t i o n  

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

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

a b l y   s i z e d   to   p r e v e n t   s u b s t a n t i a l   p a s s a g e   of  f i l l   p a r t i -  

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

F i g u r e   1  is   a  f r a g m e n t e d   p l a n   v i e w   of  an  a p -  

p a r a t u s   f o r   c o n s t r u c t i n g   an  u n d e r w a t e r   f i l l   in  a c c o r -  

d a n c e   w i t h   t h e   i n v e n t i o n .  

F i g u r e   2  i s   a  c r o s s   s e c t i o n a l   i l l u s t r a t i o n   o f  

a  p o r t i o n   of   t h e   a p p a r a t u s   of  F i g u r e   1,  t a k e n   w i t h   r e s -  

p e c t   to   l i n e s   I I - I I   o f   F i g u r e   1 .  

F i g u r e   3  i s   a  s c h e m a t i c   i l l u s t r a t i o n   s h o w i n g  

how  m u l t i p l e   u n i t s   of  t h e   a p p a r a t u s   of  F i g u r e   1  may  b e  

d e p l o y e d   to   c o n s t r u c t   an  a r t i f i c i a l   i s l a n d .  

F i g u r e s   4  t h r o u g h   9  a r e   e n h a n c e d   s i d e   s e c t i o n -  

a l   i l l u s t r a t i o n s   of  a  p o r t i o n   of  t h e   a p p a r a t u s   of  F i g -  

u r e s   1  and  3,  t a k e n   w i t h   r e s p e c t   to  l i n e   I V - I V   of  F i g u r e  

3,  and  i l l u s t r a t e   t h e   o p e r a t i o n   of  t h e   a p p a r a t u s   of  F i g -  

u r e   1  d u r i n g   s u c c e s s i v e   s t a g e s   of  c o n s t r u c t i o n   of  a n  

u n d e r w a t e r   f i l l .  

F i g u r e   10  i l l u s t r a t e s   an  a l t e r n a t i v e   f o r m   o f  

t h e   a p p a r a t u s   of  F i g u r e   2 .  

F i g u r e   1  i l l u s t r a t e s   a p p a r a t u s   10  f o r   w i t h -  

d r a w i n g   w a t e r   f rom  an  u n d e r w a t e r   f i l l   d u r i n g   c o n s t r u c -  

t i o n   of  t h e   f i l l .   R e f e r e n c e   n u m e r a l   12  i n d i c a t e s   t h e  

s u r f a c e   of  t h e   w a t e r   b e n e a t h   w h i c h   t h e   c o n s t r u c t i o n  



o p e r a t i o n   is   c a r r i e d   o u t .   R e f e r e n c e   n u m e r a l   14  i n d i c a -  

t e s   t h e   s e a b e d   upon   w h i c h   p a r t i c u l a t e   f i l l   s u c h   as  s a n d  

16  i s   d e p o s i t e d   as  h e r e i n a f t e r   d e s c r i b e d   to  c o n s t r u c t  

t h e   u n d e r w a t e r   f i l l .  

A p p a r a t u s   10  i n c l u d e s   a  p l u r a l i t y   of  p e r f o r a -  

t e d   c o n d u i t s   18  a r r a n g e d   in  s p a c e d ,   s u b s t a n t i a l l y   p a r a l -  

l e l   c o n f i g u r a t i o n ,   a  p u m p i n g   m e a n s   s u c h   as  pump  20  and  a  

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

p o r t i o n s   22,   24  and  26  w h i c h   f a c i l i t a t e   w a t e r   c o m m u n i c a -  

t i o n   b e t w e e n   p e r f o r a t e d   c o n d u i t s   18  and  pump  20.  As  

h e r e i n a f t e r   e x p l a i n e d   in  g r e a t e r   d e t a i l ,   pump  20  ( w h i c h  

may  be  m o u n t e d   upon   a  f l o a t i n g   p l a t f o r m   28)  d r a w s   w a t e r  

t h r o u g h   p e r f o r a t e d   c o n d u i t s   18  and  t h r o u g h   c o n d u i t   p o r -  
t i o n s   22,   24  and  26  f o r   d i s c h a r g e   f r o m   pump  o u t l e t   3 0 .  

( P r e f e r a b l y ,   t h e   d i s c h a r g e   f rom  pump  o u t l e t   30  i s  

d i r e c t e d   as  f a r   away  f r o m   t h e   u n d e r w a t e r   c o n s t r u c t i o n  

s i t e   as  p o s s i b l e   to  m i n i m i z e   f o r c e s   a c t i n g   upon   t h e  

a c c u m u l a t i n g   u n d e r w a t e r   f i l l   p i l e . )   S e l e c t e d   p o r t i o n s  

of  p e r f o r a t e d   c o n d u i t s   18  a r e   e x p o s e d   (as   h e r e i n a f t e r  

e x p l a i n e d )   to   t h e   a c c u m u l a t i n g   u n d e r w a t e r   f i l l   p i l e   s u c h  

t h a t   o p e r a t i o n   of  pump  20  c a u s e s   w a t e r   to  be  w i t h d r a w n  

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

p e r f o r a t e d   c o n d u i t s   18  f o r   p a s s a g e   t h r o u g h   c o n d u i t   p o r -  
t i o n s   22 ,   24 ,   26  and  d i s c h a r g e   f rom  pump  o u t l e t   3 0 .  

A d v a n t a g e o u s l y ,   to   m i n i m i z e   d a m a g e   w h i c h   m a y  

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

28  and  t h e   s e a b e d   14,   c o n d u i t   p o r t i o n   22  t a k e s   t h e   f o r m  

of  a  f l e x i b l e   h o s e .   Such   f l e x i b i l i t y   a l s o   s i m p l i f i e s  

m o v e m e n t   of  c o n d u i t   p o r t i o n s   24,  26  and  p e r f o r a t e d   c o n -  

d u i t s   18  as  h e r e i n a f t e r   d e s c r i b e d .   C o n d u i t   p o r t i o n   24  

may  a d v a n t a g e o u s l y   t a k e   t h e   fo rm  of  a  r i g i d   p i p e - l i k e  

" h e a d e r "   h a v i n g   a  p l u r a l i t y   of  c o n d u i t   p o r t i o n s   26  d e -  

p e n d i n g   t h e r e f r o m   as  i l l u s t r a t e d   in  F i g u r e   1.  C o n d u i t  



p o r t i o n s   26  may  a l s o   be  of  r i g i d   p i p e - l i k e   c o n s t r u c t i o n ,  

c a p a b l e   of  t e l e s c o p i n g   o v e r   p e r f o r a t e d   c o n d u i t s   18  a s  

h e r e i n a f t e r   d e s c r i b e d .   H e a d e r   24  may  c o n v e n i e n t l y   b e  

a b o u t   30  m e t r e s   l o n g   and  have   d e p e n d i n g   t h e r e f r o m   a b o u t  

t w e n t y   c o n d u i t   p o r t i o n s   26,  e a c h   s p a c e d   a b o u t   1 .5   m e t r e s  

a p a r t ,   w i t h   an  e q u a l   n u m b e r   of  p e r f o r a t e d   c o n d u i t s   1 8 .  

I n i t i a l l y ,   t h e   p o r t i o n   of  t h e   a p p a r a t u s   c o m -  

p r i s i n g   h e a d e r   24,  c o n d u i t   p o r t i o n s   26  and  p e r f o r a t e d  

c o n d u i t s   18  i s   s u s p e n d e d   f r o m   c a b l e s   32  and  l o w e r e d   t o  

s e a b e d   14  f r o m   p l a t f o r m   28  by  m e a n s   of  w i n c h e s   3 4 .  

C a b l e s   32  a r e   l e f t   s l a c k   o n c e   t h e   a p p a r a t u s   r e a c h e s   t h e  

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

b a s e   of  t h e   a p p a r a t u s   to  h o l d   i t   u p r i g h t .   C a b l e s   32  a n d  

w i n c h e s   34  s e r v e   as  a  " r e m o t e   m a n i p u l a t o r   m e a n s "   f o r  

r e m o t e l y   m o v i n g   c o n d u i t   p o r t i o n s   26  w i t h   r e s p e c t   t o  

p e r f o r a t e d   c o n d u i t s   18  as  h e r e i n a f t e r   d e s c r i b e d .   T h e  

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

f o r m   of   s p i k e s   36  a t   t h e   b a s e   of  e a c h   of  p e r f o r a t e d  

c o n d u i t s   18  to   p e n e t r a t e   s e a b e d   14  and  h o l d   t h e   a p p a r a -  

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

h e r e i n a f t e r   d e s c r i b e d .   S t r u c t u r a l   i n t e g r i t y   is  p r o v i d e d  

by  b a s e   p l a t e   40  ( F i g u r e   2)  c o n n e c t o r   p l a t e s   37  w h i c h  

i n t e r c o n n e c t   t h e   e n d s   of  p e r f o r a t e d   c o n d u i t s   18  o p p o s i t e  

h e a d e r   24.  V a l v e s   38  p r o v i d e d   b e t w e e n   e a c h   of  c o n d u i t  

p o r t i o n s   26  and  h e a d e r   24  may  be  s e l e c t i v e l y   c l o s e d   t o  

p r e v e n t   w a t e r   c o m m u n i c a t i o n   b e t w e e n   h e a d e r   24  and  t h e  

a s s o c i a t e d   c o n d u i t   p o r t i o n   26  and  p e r f o r a t e d   c o n d u i t   1 8 ,  

in  t h e   e v e n t   of  a  r u p t u r e   or  o t h e r   o c c u r r e n c e   r e s u l t i n g  

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

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

d a t i o n   of  o v e r a l l   p e r f o r m a n c e .  

F u r t h e r   d e t a i l s   of  t h e   c o n s t r u c t i o n   and  o p e r a -  
t i o n   of  p e r f o r a t e d   c o n d u i t s   18,  h e a d e r   24  and  c o n d u i t  



p o r t i o n s   26  w i l l   now  be  p r o v i d e d   w i t h   r e f e r e n c e   to  F i g -  

u r e   2,  w h i c h   is   a  c r o s s   s e c t i o n a l   i l l u s t r a t i o n   t a k e n  

w i t h   r e s p e c t   to  l i n e   I I - I I   of   F i g u r e   1 .  

As  may  be  s e e n   in  F i g u r e   2,  a n c h o r i n g   s p i k e   36  

p r o t r u d e s   f r o m   a  b a s e   p l a t e   40  w h i c h   is  r e l e a s a b l y  

a t t a c h e d   to   t h e   b a s e   42  of  p e r f o r a t e d   c o n d u i t   18  by  c o n -  

n e c t i n g   m e a n s   s u c h   as  s h e a r   p i n s   44.  Base   p l a t e   4 0  

l i m i t s   t h e   d e p t h   to  w h i c h   c o n d u i t   p o r t i o n   18  may  p e n e -  

t r a t e   s e a b e d   1 4 .  

P e r f o r a t e d   c o n d u i t   18  is   of  g e n e r a l l y   c y l i n -  

d r i c a l   c o n s t r u c t i o n   and  has   p e r f o r a t i o n s   46  e x t e n d i n g  

o v e r   a  s u b s t a n t i a l   p o r t i o n   of  i t s   l e n g t h .   P e r f o r a t i o n s  

46  a r e   s i z e d   to  p r e v e n t   s u b s t a n t i a l   p a s s a g e   of  f i l l   p a r -  
t i c l e s   i n t o   p e r f o r a t e d   c o n d u i t   18.  For  e x a m p l e ,   i f   t h e  

u n d e r w a t e r   f i l l   is   to   be  c o n s t r u c t e d   f r o m   t y p i c a l   u n i -  

f o r m   D e l t a   s a n d   in  w h i c h   a b o u t   90%  of   t h e   s a n d   g r a i n s  

a r e   f r o m   .1  to  .4  m i l l i m e t r e s   in  d i a m e t e r ,   p e r f o r a t i o n s  

46  may  be  p r o v i d e d   by  a  n u m b e r   70  or  n u m b e r   1 0 0  

( A . S . T . M .   s t a n d a r d )   w i r e   mesh   s c r e e n   48  ( i e .   s c r e e n   4 8  

w o u l d   in  s u c h   c a s e   h a v e   a p e r t u r e s   a b o u t   .2  m i l l i m e t r e s  

on  a  s i d e ) .   P r e f e r a b l y ,   p e r f o r a t e d   c o n d u i t   18  is  p e r -  
f o r a t e d   o v e r   a b o u t   1 .5   m e t r e s   of  i t s   l e n g t h ,   t h e   p e r -  

f o r a t e d   p o r t i o n   c o m m e n c i n g   a t   b a s e   42  and  e x t e n d i n g   u p -  

w a r d l y   t h e r e f r o m .   A  p e r f o r a t e d   t u b e   50  a t t a c h e d   to  b a s e  

42  and  h a v i n g   a p e r t u r e s   much  l a r g e r   t h a n   t h o s e   in  s c r e e n  

48  p r o v i d e s   i n t e r n a l   s u p p o r t   f o r   s c r e e n   4 8 .  

As  may  be  s e e n   in  F i g u r e   2,  c o n d u i t   p o r t i o n   26  

h a s   a  s l e e v e - l i k e   p o r t i o n   c o m p r i s i n g   an  o u t e r   w a l l   4 9  

and  an  i n n e r   w a l l   51,   w h i c h   p o r t i o n   is  s l i d a b l e   t e l e s -  

c o p i c a l l y   o v e r   p e r f o r a t e d   c o n d u i t   18.  A  " s e a l i n g   m e a n s "  

in  t h e   f o r m   of   t o u g h   r u b b e r   or  e l a s t o m e r i c   s k i r t   52  i s  

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



p o r t i o n   26  to  p r e v e n t   w a t e r   c o m m u n i c a t i o n   t h r o u g h   t h e  

p o r t i o n   of  p e r f o r a t e d   c o n d u i t   18  w h i c h   is  c o v e r e d   by  t h e  

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

26  and  s k i r t   52.  The  p o r t i o n   of  s k i r t   52  w h i c h   o v e r l a p s  

t h e   end  of  c o n d u i t   p o r t i o n   26  i s   d r a w n   t i g h t l y   a g a i n s t  

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

c o n d u i t   18  by  t h e   s u c t i o n   c r e a t e d   by  pump  20  and  t h u s  

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

c o n d u i t   18  so  as  to  p r e v e n t   w a t e r   c o m m u n i c a t i o n   t h r o u g h  

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

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

s e a b e d   14,   p e r f o r a t e d   c o n d u i t s   18  a r e   t e l e s c o p e d   i n s i d e  

t h e   a f o r e - m e n t i o n e d   s l e e v e - l i k e   p o r t i o n s   of  c o n d u i t   p o r -  
t i o n s   26,   l e a v i n g   no  p o r t i o n   of  p e r f o r a t e d   c o n d u i t s   18 

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

w a t e r   c o m m u n i c a t i o n   t h r o u g h   t h e   s y s t e m .   As  h e r e i n a f t e r  

e x p l a i n e d   in  g r e a t e r   d e t a i l ,   f i l l   m a t e r i a l   d e p o s i t e d   a t  

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

b a s e   of  p e r f o r a t e d   c o n d u i t s   18 ,   t h e r e b y   f i r m l y   h o l d i n g  

t h e   a p p a r a t u s   in  p o s i t i o n   on  s e a b e d   14.  When  p e r f o r a t e d  

c o n d u i t s   18  a r e   t h u s   a n c h o r e d   on  s e a b e d   14,   w i n c h e s   34  

may  be  o p e r a t e d   to   s l o w l y   r a i s e   c a b l e s   32,  h e a d e r   24  a n d  

c o n d u i t   p o r t i o n s   26,  t h e r e b y   s l i d a b l y   r a i s i n g   s k i r t s   52  

w i t h   r e s p e c t   to   a n c h o r e d   p e r f o r a t e d   c o n d u i t s   18  t o  

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

18  to   t h e   s u r r o u n d i n g   f i l l   m a t e r i a l .   A  " w e d g e   m e a n s "  

s u c h   as  t h e   l o c k i n g   dog  a s s e m b l y   c o m p r i s i n g   dog  m e m b e r  

54  and  a n n u l a r   s h o u l d e r   56  p e r m i t s   r a i s i n g   of  c o n d u i t  

p o r t i o n s   26  w i t h   r e s p e c t   to   p e r f o r a t e d   c o n d u i t s   18,   b u t  

p r e c l u d e s   s u b s e q u e n t   l o w e r i n g   of  c o n d u i t   p o r t i o n s   2 6 .  

C o n d u i t   p o r t i o n s   26  and  s k i r t s   52  may  t h u s   be  s e l e c -  

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

c o n d u i t s   18  to   e x p o s e   p r o g r e s s i v e l y   l a r g e r   s e c t i o n s   o f  



p e r f o r a t e d   c o n d u i t   18  to   t h e   s u r r o u n d i n g   f i l l   as  t h e  

u n d e r w a t e r   c o n s t r u c t i o n   o p e r a t i o n   p r o g r e s s e s .  

E v e n t u a l l y ,   as  c o n d u i t   p o r t i o n s   26  and  s k i r t s  

52  a r e   f u r t h e r   r a i s e d   w i t h   r e s p e c t   to  p e r f o r a t e d   c o n -  

d u i t s   18,   i n t e r n a l   s h o u l d e r   58  of   c o n d u i t   p o r t i o n   26  

c o n t a c t s   t h e   o p p o s i n g   i n t e r n a l   s h o u l d e r   60  of  p e r f o r a t e d  

c o n d u i t   18,  t h e r e b y   p r e v e n t i n g   f u r t h e r   u p w a r d   m o v e m e n t  

of  c o n d u i t   p o r t i o n   26  and  s k i r t   52  w i t h   r e s p e c t   to  p e r -  
f o r a t e d   c o n d u i t   18.  F u r t h e r   o p e r a t i o n   of  w i n c h e s   34  

a f t e r   s h o u l d e r s   58,   60  come  i n t o   c o n t a c t   so  as  to  s u b -  

j e c t   t h e   a p p a r a t u s   to  f u r t h e r   u p w a r d   f o r c e s ,   w i l l   e v e n -  

t u a l l y   c a u s e   s h e a r   p i n s   44  to  s h e a r ,   t h e r e b y   f r e e i n g   t h e  

a p p a r a t u s   f rom  b a s e   p l a t e   40,   w h i c h   is  d i s p o s a b l e   a n d  

r e m a i n s   b u r i e d   in  t h e   u n d e r w a t e r   f i l l .   A d v a n t a g e o u s l y ,  

c o n d u i t   p o r t i o n s   26  and  p e r f o r a t e d   c o n d u i t s   18  may  h a v e  

a  s l i g h t   i n v e r t e d   c o n i c a l   t a p e r   ( n o t   d i s c e r n i b l e   in  t h e  

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

f i l l   p i l e .   The  a p p a r a t u s   may  t h e n   be  r a i s e d   s l o w l y   t o  

t h e   s u r f a c e   as  u n d e r w a t e r   c o n s t r u c t i o n   o p e r a t i o n s   c o n -  

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

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

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

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

i n t e r f a c e .  

A  f l e x i b l e   " d e v e l o p m e n t   c o n d u i t "   62  e x t e n d s  

f r o m   h e a d e r   24  i n s i d e   c o n d u i t   p o r t i o n s   26  to   t h e   b o t t o m  

of  p e r f o r a t e d   c o n d u i t   18.  The  end  64  of  d e v e l o p m e n t  

c o n d u i t   62  is   l e f t   o p e n   and  is  a n c h o r e d   to   b a s e   42  b y  

m e a n s   of  b r a c k e t   66.  D e v e l o p m e n t   c o n d u i t   62  f a c i l i t a t e s  

" d e v e l o p m e n t "   of  f i l l   in  t h e   r e g i o n   s u r r o u n d i n g   p e r f o r -  

a t e d   c o n d u i t   18  as  h e r e i n a f t e r   d e s c r i b e d   to  p u r g e   t h a t  

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



f o r a t e d   c o n d u i t   18  and  to  i m p r o v e   w a t e r   f l o w   t h r o u g h  

s a i d   r e g i o n   to   t h e   i n t e r i o r   of  p e r f o r a t e d   c o n d u i t   1 8 .  

F i g u r e   3  i s   a  t op   v i e w   w h i c h   i l l u s t r a t e s   h o w  

m u l t i p l e   u n i t s   of  a p p a r a t u s   l i k e   t h a t   shown  in  F i g u r e   1 

may  be  d e p l o y e d   a t   a  c o n s t r u c t i o n   s i t e   to  c o n s t r u c t   a n  

a r t i f i c i a l   i s l a n d .   A  f i x e d   w o r k i n g   p l a t f o r m   68  may  b e  

p o s i t i o n e d   a t   t h e   d e s i r e d   c e n t r e   of  t he   i s l a n d   ( p r e -  

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

a p p r o x i m a t e l y   c i r c u l a r   s h a p e ) .   P a r t i c u l a t e   f i l l  

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

s i t e   i s   s u p p l i e d ,   in  t h e   f o r m   of  a  s l u r r y ,   to  p l a t f o r m  

68  t h r o u g h   d r e d g e   p i p e   70.   M u l t i p l e   u n i t s   of  a p p a r a t u s  

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

f l o a t i n g   p l a t f o r m s   28  a l o n g   t h e   d e s i r e d   s h o r e l i n e   of  t h e  

f i n i s h e d   i s l a n d   ( i n d i c a t e d   in  F i g u r e   3  by  b r o k e n   l i n e  

7 2 ) .   C a b l e s   74 ,   76  t e t h e r   f l o a t i n g   p l a t f o r m s   28  ( f r o m  

w h i c h   t h e   a p p a r a t u s   is   d e p l o y e d )   to   f i x e d   p l a t f o r m   68  

and  to   r e m o t e   a n c h o r s   ( n o t   s h o w n ) .  

F i g u r e s   4  t h r o u g h   9  a r e   a  s e r i e s   of  s i d e   s e c -  

t i o n a l   i l l u s t r a t i o n s   t a k e n   w i t h   r e s p e c t   to  l i n e   I V - I V   o f  

F i g u r e   3  w h i c h   show  s u c c e s s i v e   s t a g e s   of  o p e r a t i o n   o f  

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

F i g u r e s   1  and  2 .  

F i g u r e   4  i l l u s t r a t e s   how  w o r k i n g   p l a t f o r m   68  

may  be  s u s p e n d e d   a b o v e   t h e   w a t e r   s u r f a c e   12  and  f i x e d  

w i t h   r e s p e c t   to   s e a b e d   14  by  m e a n s   of  l e g s   78  w h i c h   e x -  

t e n d   f r o m   t h e   u n d e r s i d e   of  p l a t f o r m   68  i n t o   s e a b e d   1 4 .  

( A l t e r n a t i v e l y ,   p l a t f o r m   68  may  be  a  f l o a t i n g ,   t e t h e r e d  

p l a t f o r m . )   F i g u r e   4  a l s o   i l l u s t r a t e s   one  of  t h e  

f l o a t i n g   p l a t f o r m s   28  upon   w h i c h   pump  20  and  w i n c h e s   34  

a r e   m o u n t e d .   In  F i g u r e   4,  h e a d e r   24,   c o n d u i t   p o r t i o n   26 

and  p e r f o r a t e d   c o n d u i t   18  h a v e   j u s t   b e e n   l o w e r e d   o n  



c a b l e   32  t o   s e a b e d   14  s u c h   t h a t   s p i k e   36  p e n e t r a t e s   s e a -  

bed  14,  a n c h o r i n g   t h e   a p p a r a t u s   in  p o s i t i o n   s u c h   t h a t  

p e r f o r a t e d   c o n d u i t s   18  a r e   u p s t a n d i n g   on  s e a b e d   14  a n d  

r e s t i n g   on  t h e i r   r e s p e c t i v e   b a s e   p l a t e s   40.  As  p r e -  

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

w i t h   p e r f o r a t e d   c o n d u i t s   18  t e l e s c o p e d   i n s i d e   c o n d u i t  

p o r t i o n s   26,   l e a v i n g   no  p o r t i o n   of  p e r f o r a t e d   c o n d u i t s  

18  e x p o s e d   b e n e a t h   s k i r t s   52.  P a r t i c u l a t e   f i l l   m a t e r i a l  

( e x c a v a t e d   f rom  t h e   b o r r o w   p i t )   i s   s u p p l i e d   as  a  s l u r r y  

to  w o r k i n g   p l a t f o r m   68  t h r o u g h   d r e d g e   p i p e   70  and  i s  

d i s c h a r g e d   f rom  p l a t f o r m   68  o n t o   s e a b e d   14  as  i n d i c a t e d  

by  a r r o w s   80.  The  p a r t i c u l a t e  f i l l   m a t e r i a l   16  may  b e  

s e e n   in  F i g u r e   4  a c c u m u l a t i n g   b e n e a t h   p l a t f o r m   68  in  a  

p i l e   h a v i n g   s h a l l o w   ( i e .   3 °  -   5°)  s l o p e d   s i d e s .   S i n c e  

i t   t a k e s   some  t i m e   to   a c c u m u l a t e   a  s u f f i c i e n t   b a s e   o f  

f i l l   on  s e a b e d   14  b e f o r e   o p e r a t i o n   of  t h e   a p p a r a t u s   c a n  

be  c o m m e n c e d   e f f e c t i v e l y ,   t h e   e x c a v a t i o n / d i s c h a r g e   o p e r -  
a t i o n   may  be  o n g o i n g   as  p l a t f o r m s   28  a r e   p o s i t i o n e d   a n d  

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

in  F i g u r e   4 .  

P a r t i c u l a t e   f i l l   m a t e r i a l   is  dumped   o n t o   s e a -  

bed  14  f r o m   d r e d g e   p i p e   70  u n t i l   t h e   l o w e r   p o r t i o n   o f  

p e r f o r a t e d   c o n d u i t   18  has   b e e n   c o v e r e d   w i t h   f i l l   m a t e -  

r i a l   to   a  d e p t h   of  a b o u t   1 . 5   m e t e r s   as  d e p i c t e d   in  F i g -  

u r e   5.  R e f e r e n c e   n u m e r a l   82  i l l u s t r a t e s   t he   c o n v e n -  

t i o n a l   s h a l l o w   ( i e .   a b o u t   3 °  -   5°)  a n g l e   w i t h   r e s p e c t   t o  

s e a b e d   14  a t   w h i c h   t h e   p a r t i c u l a t e   f i l l   m a t e r i a l   a c c u m u -  

l a t e s .   Once  p e r f o r a t e d   c o n d u i t   18  has   b e e n   b u r i e d   a s  

a f o r e s a i d   w i n c h   34  is   a c t i v a t e d   to  r a i s e   c a b l e   3 2 ,  

h e a d e r   24  and  c o n d u i t   p o r t i o n   26  to   e x p o s e   a b o u t   a  . 5  

m e t r e   l e n g t h   of  p e r f o r a t e d   c o n d u i t   18  to   t h e   s u r r o u n d i n g  

f i l l .   The  f i l l   r e g i o n   i m m e d i a t e l y   s u r r o u n d i n g   t h e   e x -  

p o s e d   p o r t i o n   of  p e r f o r a t e d   c o n d u i t   18  i s   t h e n   " d e v e -  

l o p e d "   w i t h   pump  20  and  d e v e l o p m e n t   c o n d u i t   62  b y  



p e r i o d i c a l l y   r e v e r s i n g   t h e   o p e r a t i o n   of  pump  20  to   c a u s e  

w a t e r   to   s u r g e   a l t e r n a t e l y   i n w a r d s   and  o u t w a r d s   t h r o u g h  

t h e   e x p o s e d   mesh   of  s c r e e n   48  i n t o   t h e   s u r r o u n d i n g   f i l l  

m a t e r i a l .   T h i s   a c t i o n   r e m o v e s   f r o m   t h e   r e g i o n   of  c o n -  

d u i t   18,   t h r o u g h   c o n d u i t   62,   f i n e r   f i l l   m a t e r i a l   w h i c h  

m i g h t   c l o g   s c r e e n   48  and  g e n e r a l l y   e n h a n c e s   t h e   a b i l i t y  

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

e x p o s e d   p o r t i o n   of   p e r f o r a t e d   c o n d u i t   18.  A f t e r   t h e  

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

( t h e   t i m e   r e q u i r e d   to   do  so  b e i n g   h e a v i l y   d e p e n d e n t   u p o n  
t h e   c h a r a c t e r i s t i c s   of  t he   f i l l   m a t e r i a l )   pump  20  i s  

o p e r a t e d   so  as  to   w i t h d r a w   w a t e r   f rom  t h e   f i l l   r e g i o n  

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

18,  t h r o u g h   p e r f o r a t e d   c o n d u i t   18,   and  c o n d u i t   p o r t i o n s  

26,   24,   22  f o r   d i s c h a r g e   f r o m   pump  20.  Such   p u m p i n g  

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

d r e d g e   p i p e   70  o n t o   t h e   a c c u m u l a t i n g   f i l l   p i l e .  

F i g u r e   6  d e p i c t s   a  l a t e r   s t a g e   a t   w h i c h   s u f f i -  

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

70  to   f o r m   a  f i l l   p i l e   a b o u t   3  -   4  m e t r e s   d e e p   in  t h e  

v i c i n i t y   of  p e r f o r a t e d   c o n d u i t   18.  In  F i g u r e   6,  w i n c h  

34  has   b e e n   f u r t h e r   a c t i v a t e d   to   r a i s e   c a b l e   32,  h e a d e r  

24  and  c o n d u i t   p o r t i o n   26  so  as  to  g r a d u a l l y   i n c r e a s e  

t h e   p o r t i o n   of  p e r f o r a t e d   c o n d u i t   18  w h i c h   is   e x p o s e d   t o  

t h e   s u r r o u n d i n g   f i l l .   Pump  20  c o n t i n u e s   to  o p e r a t e   t o  

d r a w   w a t e r   f r o m   t h e   r e g i o n   s u r r o u n d i n g   t h e   e x p o s e d   p o r -  

t i o n   of  c o n d u i t   18,   i n t o   t h e   i n t e r i o r   of  c o n d u i t   18  a n d  

t h e n c e   t h r o u g h   c o n d u i t   18,   c o n d u i t   p o r t i o n   26,  h e a d e r   24  

and  f l e x i b l e   c o n d u i t   22  f o r   d i s c h a r g e   f rom  pump  o u t l e t  

30.  Winch   34  i s   p e r i o d i c a l l y   o p e r a t e d   as  f i l l   m a t e r i a l  

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

d u i t   18  to  i n c r e m e n t a l l y   r a i s e   c o n d u i t   p o r t i o n   26  a n d  

s k i r t   52  w i t h   r e s p e c t   to  p e r f o r a t e d   c o n d u i t   18  so  as  t o  

m a i n t a i n   a b o u t   one  to   two  m e t r e s   of  f i l l   m a t e r i a l   a b o v e  



t h e   e x p o s e d   s e c t i o n   of  p e r f o r a t e d   c o n d u i t   18.  As  p u m p  

20  c o n t i n u e s   to  o p e r a t e ,   w a t e r   is  w i t h d r a w n   f rom  t h e  

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

of  c o n d u i t   18  and  is   a l s o   d r a w n   i n t o   t h e   f i l l   p i l e   a t  

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

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

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

(as   shown  a t   84)  and  t h e   f o r m a t i o n   of  a  d e n s e r   p i l e  

h a v i n g   i m p r o v e d   e r o s i o n   r e s i s t a n c e   a t   t h e   w a t e r l i n e .   As  

may  be  s e e n   in  F i g u r e   6,  w i t h d r a w a l   of  w a t e r   f rom  t h e  

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

c o n d u i t   18  r e s u l t s   in  a  t r a n s i t i o n   in  t h e   a n g l e   of  t h e  

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

a t   82  to  t h e   p r e f e r r e d ,   r e l a t i v e l y   s t e e p   a n g l e   shown  a t  

8 4 .  

As  more   f i l l   m a t e r i a l   is   a d d e d   to  t h e   u n d e r -  

w a t e r   f i l l   p i l e ,   w i n c h   34  is   f u r t h e r   p e r i o d i c a l l y   o p e r a -  
t e d   to  i n c r e a s e   t h e   l e n g t h   of  p e r f o r a t e d   c o n d u i t   18  

w h i c h   is   e x p o s e d   to   t h e   s u r r o u n d i n g   f i l l ,   t h u s   i n c r e a s -  

ing   t h e   f i l l   r e g i o n   f rom  w h i c h   w a t e r   is   w i t h d r a w n .  

E v e n t u a l l y ,   s h o u l d e r s   58,   60  ( F i g u r e   2)  come  i n t o   c o n -  

t a c t   w i t h   one  a n o t h e r   and  f u r t h e r   o p e r a t i o n   of  w i n c h   34  

to  r a i s e   c o n d u i t   p o r t i o n   26  w i t h   r e s p e c t   to  p e r f o r a t e d  

c o n d u i t   18  r u p t u r e s   s h e a r   p i n s   44,  t h e r e b y   f r e e i n g   p e r -  

f o r a t e d   c o n d u i t   18  f r o m   b a s e   p l a t e   40.  As  i l l u s t r a t e d  

in  F i g u r e   7,  t h e   f r e e d   a s s e m b l y   i s   d r a w n   s l o w l y   u p w a r d  

t h r o u g h   t h e   f i l l   p i l e   as  more   f i l l   i s   a d d e d   t h e r e t o ,  

a l w a y s   m a i n t a i n i n g   a b o u t   one  to  two  m e t r e s   of  f i l l   a b o v e  

t h e   u p p e r m o s t   e x p o s e d   p o r t i o n   of  p e r f o r a t e d   c o n d u i t   18  

so  t h a t   c o n t i n u e d   o p e r a t i o n   of  pump  20  r e s u l t s   in  w a t e r  

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

a b o u t   one  to  two  m e t r e s   b e n e a t h   t h e   r e g i o n   of  t r a n s i t i o n  

f rom  t h e   r e l a t i v e l y   s h a l l o w   s l o p e   82  to   t h e   d e s i r e d  

s t e e p e r   s l o p e   8 4 .  



F i g u r e   8  i l l u s t r a t e s   a  s t i l l   f u r t h e r   a d v a n c e d  

s t a g e   a t   w h i c h   c o n d u i t   p o r t i o n   26  has   b e e n   w i t h d r a w n  

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

12  w h i l e   p e r f o r a t e d   c o n d u i t   18  r e m a i n s   b u r i e d   b e n e a t h  

t h e   s u r f a c e   of  t h e   f i l l   p i l e   and  pump  20  c o n t i n u e s   t o  

o p e r a t e   as  t h e   f i n a l   p o r t i o n   of  f i l l   m a t e r i a l   r e q u i r e d  

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

t h r o u g h   d r e d g e   p i p e   70.  C o n t i n u e d   o p e r a t i o n   of  pump  20  

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

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

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

can   be  p o s i t i o n e d .   A f t e r   t h e   f i l l   p i l e   has   b r o k e n   s u r -  

f a c e   to  t h e   r e q u i r e d   h e i g h t ,   t h e   a p p a r a t u s   is  d i s a s -  

s e m b l e d   and  r e m o v e d   and  t h e   s h o r e l i n e   p r o t e c t e d   as  s h o w n  

a t   86  in  F i g u r e   9  to   l e a v e   t h e   f i n i s h e d   u n d e r w a t e r   f i l l  

8 8 .  

F i g u r e   10  i l l u s t r a t e s   an  a l t e r n a t e   f o r m   of  t h e  

a p p a r a t u s   shown  in  F i g u r e   2.  T h i s   a l t e r n a t e   f o r m   e l i m -  

i n a t e s   c o n d u i t   p o r t i o n s   22  and  24  and  i n c l u d e s   an  i n t e -  

g r a l   pump,   t h e r e b y   a l l o w i n g   g r e a t e r   f l e x i b i l i t y   i n  

p l a c e m e n t   of  t h e   a p p a r a t u s .   C a b l e   102  p r o t r u d e s   t h r o u g h  

t h e   u p p e r   end  1 0 4 ' o f   a p p a r a t u s   100  and  is  c o n n e c t e d   to  a  

s e a l i n g   m e a n s   106 .   S e a l i n g   m e a n s   106  i n c l u d e s   an  i n n e r  

c o n d u i t   108  w i t h   s e a l s   1 1 0 ,   112  f i x e d   a t   t h e   u p p e r   a n d  

l o w e r   e n d s   t h e r e o f .  

S e a l s   110 ,   112  p r o v i d e   a  w a t e r t i g h t   s e a l  

a g a i n s t   t h e   i n n e r   s u r f a c e   of  c o n d u i t   114 .   C o n d u i t   1 1 4  

is   made  l o n g   e n o u g h   to  e x t e n d   f rom  t h e   b a s e   to  t h e   t o p  

of  t h e   p i l e ,   and  is   p e r f o r a t e d   o v e r   t h e   e n t i r e   l e n g t h   t o  

be  c o v e r e d   by  f i l l   m a t e r i a l .   ( I n i t i a l l y   some  l a t e r a l  

s u p p o r t  -   n o t   s h o w n  -   m u s t   be  p r o v i d e d   to  h o l d   c o n d u i t  

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

t h e   b a s e   of  c o n d u i t   114  to   s u p p o r t   t h e   c o n d u i t . )  



S e a l s   110 ,   112  s u b d i v i d e   t he   i n n e r   p o r t i o n   of  c o n d u i t  

114  i n t o   u p p e r ,   c e n t r a l   and  l o w e r   c o m p a r t m e n t s   116 ,   1 1 8  

and  1 2 0 .  

Pump  122  may  be  p o s i t i o n e d   in  l o w e r   c o m p a r t -  

m e n t   120  or  in  c e n t r a l   c o m p a r t m e n t   118 .   Pump  122  i s  

o p e r a t e d   to  d r aw  w a t e r   t h r o u g h   t h e   pump  i n t a k e   124  a n d  

t h r o u g h   t h e   p e r f o r a t e d   p o r t i o n   of  c o n d u i t   114  s u r -  

r o u n d i n g   l o w e r   c o m p a r t m e n t   120  i n t o   and  t h r o u g h   i n n e r  

c o n d u i t   108  f o r   d i s c h a r g e   i n t o   u p p e r   c o m p a r t m e n t   1 1 6  

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

a t e d   p o r t i o n   of  c o n d u i t   114  e n c i r c l i n g   u p p e r   c o m p a r t m e n t  

116  and  i n t o   t h e   s u r r o u n d i n g   w a t e r .  

When  a p p a r a t u s   100  is   i n i t i a l l y   p l a c e d   on  s e a -  

bed  14  i n n e r   c o n d u i t   108  and  s e a l s   110 ,   112  a r e   p o s i -  

t i o n e d   so  t h a t   t h e   b a s e   of  l o w e r   s e a l   112  is   a b o u t   o n e  

m e t r e   a b o v e   t h e   b a s e   126  of  c o n d u i t   114 .   Once  f i l l   h a s  

a c c u m u l a t e d   on  s e a b e d   14  to   a  d e p t h   of  a b o u t   1 . 5   m e t r e s  

( i l l u s t r a t e d ,   f o r   e x a m p l e ,   a t   128)  p u m p i n g   may  c o m m e n c e .  

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

c o n d u i t   108 ,   s e a l s   110 ,   112  and  pump  122  may  be  i n c r e -  

m e n t a l l y   r a i s e d   on  c a b l e   102  to  m a i n t a i n   a b o u t   one  t o  

two  m e t r e s   of  f i l l   a b o v e   t h e   u p p e r m o s t   end  of  l o w e r   c o m -  

p a r t m e n t   120 .   (As  c o n d u i t   108  and  s e a l s   1 1 0 ,   112  a r e  

r a i s e d ,   t h e   v o l u m e   of  l o w e r   c o m p a r t m e n t   120  i n c r e a s e s  

w h i l e   t h e   v o l u m e   of  u p p e r   c o m p a r t m e n t   116  c o r r e s p o n d -  

i n g l y   d e c r e a s e s . )   Once  t h e   f i l l   has   b e e n   c o m p l e t e d  

c a b l e   1 0 2 ,   c o n d u i t   108 ,   s e a l s   1 1 0 ,   112  and  pump  122  a r e  

w i t h d r a w n   f r o m   c o n d u i t   114  w h i c h   r e m a i n s   in  p l a c e .  

As  w i l l   be  a p p a r e n t   to  t h o s e   s k i l l e d   in  t h e  

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

a l t e r a t i o n s   and  m o d i f i c a t i o n s   a r e   p o s s i b l e   in  t he   p r a c -  
t i c e   of  t h i s   i n v e n t i o n   w i t h o u t   d e p a r t i n g   f rom  t he   s p i r i t  



or  s c o p e   t h e r e o f .   A c c o r d i n g l y ,   t h e   s c o p e   of  t h e   i n v e n -  

t i o n   is   to  be  c o n s t r u e d   in  a c c o r d a n c e   w i t h   t h e   s u b s t a n c e  

d e f i n e d   by  t h e   f o l l o w i n g   c l a i m s .  



1.  A  m e t h o d   of  r e l i e v i n g   w a t e r   p r e s s u r e   w i t h i n   a n  

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

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

f r e s h   f i l l   is  a d d e d   to   s a i d   u n d e r w a t e r   f i l l ,   s u c h   t h a t  

t h e   work  done   on  w a t e r   w i t h d r a w n   f rom  s a i d   u n d e r w a t e r  

f i l l   is   a p p r o x i m a t e l y   e q u a l   to  t h e   e n e r g y   i n t r o d u c e d  

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

w a t e r   s e t   in  m o t i o n   by  s a i d   f r e s h   f i l l .  

2.  A  m e t h o d   of  r e l i e v i n g   w a t e r   p r e s s u r e   w i t h i n   a n  

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

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

f r e s h   f i l l   is   a d d e d   to  s a i d   u n d e r w a t e r   f i l l ,   so  t h a t  

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

s u r r o u n d i n g   s a i d   u n d e r w a t e r   f i l l   is   m i n i m i z e d .  

3.  A  m e t h o d   of  r e l i e v i n g   w a t e r   p r e s s u r e   w i t h i n   a n  

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

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

f r e s h   f i l l   is  a d d e d   to  s a i d   u n d e r w a t e r   f i l l ,   so  t h a t  

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

f i l l .  

4.  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 w a t e r   f i l l ,  

c o m p r i s i n g   t h e   s t e p s   o f :  

(a)   d e p o s i t i n g   f i l l   a t   an  u n d e r w a t e r   s i t e ;   a n d ,  

(b)  as  f r e s h   f i l l   is  d e p o s i t e d   a t   s a i d   s i t e ,   w i t h -  

d r a w i n g   w a t e r   f rom  f i l l   p r e v i o u s l y   d e p o s i t e d  

a t   s a i d   s i t e   s u c h   t h a t   t h e   work  done   on  w a t e r  

w i t h d r a w n   f rom  s a i d   f i l l   is  a p p r o x i m a t e l y  

e q u a l   to  t h e   e n e r g y   i n t r o d u c e d   i n t o   f i l l   d e p o -  

s i t e d   a t   s a i d   s i t e   by  s a i d   f r e s h   f i l l   and  b y  

w a t e r   s e t   in  m o t i o n   by  s a i d   f r e s h   f i l l .  

5.  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 w a t e r   f i l l ,  

c o m p r i s i n g   t h e   s t e p s   o f :  

(a)   d e p o s i t i n g   f i l l   a t   an  u n d e r w a t e r   s i t e ;   a n d ,  



(b)  as  f r e s h   f i l l   is  d e p o s i t e d   a t   s a i d   s i t e ,   w i t h -  

d r a w i n g   w a t e r   f rom  f i l l   p r e v i o u s l y   d e p o s i t e d  

a t   s a i d   s i t e   so  t h a t   w a t e r   f l o w   f rom  w i t h i n  

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

s a i d   d e p o s i t e d   f i l l   is   m i n i m i z e d .  

6.  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 w a t e r   f i l l ,  

c o m p r i s i n g   t h e   s t e p s   o f :  

(a)   d e p o s i t i n g   f i l l   a t   an  u n d e r w a t e r   s i t e ;   a n d ,  

(b)  as  f r e s h   f i l l   is   d e p o s i t e d   a t   s a i d   s i t e ,   w i t h -  

d r a w i n g   w a t e r   f rom  f i l l   p r e v i o u s l y   d e p o s i t e d  

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

d e p o s i t e d   f i l l   f l o w s   i n t o   s a i d   d e p o s i t e d   f i l l .  

7.  A  m e t h o d   of  i n c r e a s i n g   t h e   s i d e   s l o p e   i n c l i n a -  

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

w a t e r   f rom  s a i d   p i l e   as  f r e s h   f i l l   is   a d d e d   to  s a i d  

p i l e .  

8.  A  m e t h o d   of  i n c r e a s i n g   t h e   p a c k i n g   d e n s i t y   o f  

p a r t i c u l a t e   f i l l   d e p o s i t e d   in  an  u n d e r w a t e r   p i l e ,   c o m -  

p r i s i n g   w i t h d r a w i n g   w a t e r   f rom  s a i d   p i l e   as  f r e s h   f i l l  

is   a d d e d   to   s a i d   p i l e .  

9.  A  m e t h o d   as  d e f i n e d   in  c l a i m   7  or   8,  w h e r e i n  

t h e   r a t e   of  w a t e r   w i t h d r a w a l   f rom  s a i d   p i l e   is  s u c h   t h a t  

t h e   work  done   on  w a t e r   w i t h d r a w n   f r o m   s a i d   p i l e   i s  

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

p i l e   by  s a i d   f r e s h   f i l l   and  by  w a t e r   s e t   in  m o t i o n   b y  

s a i d   f r e s h   f i l l .  

10 .   A p p a r a t u s   f o r   w i t h d r a w i n g   w a t e r   f r o m   an  u n d e r -  

w a t e r   f i l l ,   c o m p r i s i n g :  

(a)  a  p e r f o r a t e d   c o n d u i t ;  

(b)  p u m p i n g   means   f o r   p u m p i n g   w a t e r ;   a n d ,  

(c)   a  c l o s e d   c o n d u i t   f o r   w a t e r   c o m m u n i c a t i o n   b e t -  

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

m e a n s ;  

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

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



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

s a i d   p u m p i n g   m e a n s .  

11.  A p p a r a t u s   as  d e f i n e d   in  c l a i m   10,  f u r t h e r   c o m -  

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

p o r t i o n   of  s a i d   p e r f o r a t e d   c o n d u i t   to  p r e v e n t   w a t e r   c o m -  

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

12.  A p p a r a t u s   as  d e f i n e d   in  c l a i m   11,  w h e r e i n   s a i d  

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

of  i t s   l e n g t h   and  w h e r e i n   s a i d   s e a l i n g   m e a n s   is  m o v e a b l e  

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

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

p e r f o r a t e d   p o r t i o n .  

13.  A p p a r a t u s   as  d e f i n e d   in  c l a i m   10,   11  or  1 2 ,  

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

s e l e c t a b l y   s i z e d   to  p r e v e n t   s u b s t a n t i a l   p a s s a g e   of  f i l l  

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

14.  A p p a r a t u s   as  d e f i n e d   in  c l a i m   10,   11  or  1 2 ,  

w h e r e i n   p e r f o r a t i o n s   in  s a i d   p e r f o r a t e d   c o n d u i t   a r e   b e t -  

ween  a b o u t   .1  mm.  to  a b o u t   .2  mm.  in  d i a m e t e r .  

15.  A p p a r a t u s   as  d e f i n e d   in  c l a i m   10,   11  or  1 2 ,  

w h e r e i n   s a i d   p e r f o r a t e d   c o n d u i t   is   t a p e r e d   to   f a c i l i t a t e  

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

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

16.  A p p a r a t u s   as  d e f i n e d   in  c l a i m   10,   11  or  1 2 ,  

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

p o r t i o n   of  i t s   l e n g t h .  

17.  A p p a r a t u s   as  d e f i n e d   in  c l a i m   10,  11  or  1 2 ,  

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

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

s a i d   c l o s e d   c o n d u i t .  

18.  A p p a r a t u s   as  d e f i n e d   in  c l a i m   10,   11  or  1 2 ,  

w h e r e i n   s a i d   c l o s e d   c o n d u i t   is   c o n n e c t e d   to  one  end  o f  

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

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



f o r   a n c h o r i n g   s a i d   o p p o s i t e   end  a t   t h e   s i t e   of  s a i d  

u n d e r w a t e r   f i l l .  

19.  A p p a r a t u s   as  d e f i n e d   in  c l a i m   10,   11  or  1 2 ,  

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

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

o p p o s i t e   end  of  s a i d   p e r f o r a t e d   c o n d u i t :  

(a)   a n c h o r i n g   means   f o r   a n c h o r i n g   s a i d   o p p o s i t e  

end  a t   t h e   s i t e   of  s a i d   u n d e r w a t e r   f i l l ;   a n d ,  

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

a n c h o r i n g   m e a n s   to   s a i d   o p p o s i t e   e n d ;  

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

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

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

to  s h e a r   s a i d   c o n n e c t i n g   m e a n s .  

20.  A p p a r a t u s   as  d e f i n e d   in  c l a i m   12,   f u r t h e r   c o m -  

p r i s i n g   wedge   m e a n s   f o r   w e d g i n g   s a i d   s e a l i n g   m e a n s   in  a  

s e l e c t e d   p o s i t i o n .  

21.  A p p a r a t u s   f o r   w i t h d r a w i n g   w a t e r   f r o m   an  u n d e r -  

w a t e r   f i l l ,   c o m p r i s i n g :  

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

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

(b)  p u m p i n g   means   f o r   p u m p i n g   w a t e r ;   a n d ,  

(c)   a  c l o s e d   c o n d u i t   f o r   w a t e r   c o m m u n i c a t i o n   b e t -  

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

m e a n s ;  

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

f rom  u n d e r w a t e r   f i l l   s u r r o u n d i n g   s a i d   p e r f o r a t e d   c o n -  

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

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

p i n g   m e a n s .  

22.  A p p a r a t u s   as  d e f i n e d   in  c l a i m   21,   f u r t h e r   c o m -  

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

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

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



23.  A p p a r a t u s   as  d e f i n e d   in  c l a i m   22,  w h e r e i n   s a i d  

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

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

p o r t i o n s   to  p e r m i t   p o r e   w a t e r   c o m m u n i c a t i o n   t h r o u g h  

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

24.  A p p a r a t u s   as  d e f i n e d   in  c l a i m   21,   22  or  2 3 ,  

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

s e l e c t a b l y   s i z e d   to  p r e v e n t   s u b s t a n t i a l   p a s s a g e   of  f i l l  

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

2 5 .  -   A p p a r a t u s   as  d e f i n e d   in  c l a i m   21,  22  or   2 3 ,  

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

b e t w e e n   a b o u t   .1  mm.  to  a b o u t   .2  mm.  in  d i a m e t e r .  

26.  A p p a r a t u s   as  d e f i n e d   in  c l a i m   21,   22  or  2 3 ,  

w h e r e i n   s a i d   p e r f o r a t e d   c o n d u i t s   a r e   t a p e r e d   to  f a c i l i -  

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

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

27.  A p p a r a t u s   as  d e f i n e d   in  c l a i m   21,   22  or   2 3 ,  

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

p o r t i o n   of  i t s   l e n g t h .  

28.  A p p a r a t u s   as  d e f i n e d   in  c l a i m   21,   22  or  2 3 ,  

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

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

s a i d   p e r f o r a t e d   c o n d u i t s   and  s a i d   c l o s e d   c o n d u i t .  

29.  A p p a r a t u s   as  d e f i n e d   in  c l a i m   21,   22  or  2 3 ,  

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

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

c o m p r i s i n g ,   a t   t h e   o p p o s i t e   end  of  a t   l e a s t   one  of  s a i d  

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

o p p o s i t e   end  a t   t h e   s i t e   of  s a i d   u n d e r w a t e r   f i l l .  

30.  A p p a r a t u s   as  d e f i n e d   in  c l a i m   21,   22  or  2 3 ,  

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

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



c o m p r i s i n g ,   a t   t h e   o p p o s i t e   end  of  a t   l e a s t   one  of  s a i d  

p e r f o r a t e d   c o n d u i t s :  

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

end  a t   t h e   s i t e   of  s a i d   u n d e r w a t e r   f i l l ;   a n d ,  

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

a n c h o r i n g   m e a n s   to   s a i d   o p p o s i t e   e n d ;  

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

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

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

to   s h e a r   s a i d   c o n n e c t i n g   m e a n s .  

31.  A p p a r a t u s   as  d e f i n e d   in  c l a i m   23,   f u r t h e r  

c o m p r i s i n g   wedge   m e a n s   f o r   w e d g i n g   s a i d   s e a l i n g   m e a n s   i n  

s e l e c t e d   p o s i t i o n s .  

32.   A p p a r a t u s   as  d e f i n e d   in  c l a i m   21,   22  or   3 1 ,  

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

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

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

33.  A p p a r a t u s   as  d e f i n e d   in  c l a i m   21,   22  or  2 3 ,  

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

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

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

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

34.  A  m e t h o d   of  r e l i e v i n g   w a t e r   p r e s s u r e   in  a n  

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

t i o n   of  s a i d   f i l l ,   t h e   s t e p s   o f :  

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

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

s i d e s   of  s a i d   f i l l   and  on  t h e   u n d e r w a t e r   b a s e  

of  s a i d   s i t e ;  

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

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

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

p e r f o r a t e d   c o n d u i t s   and  s a i d   c l o s e d   c o n d u i t ;  



(c)   c o n n e c t i n g   a  w a t e r   p u m p i n g   means   to  s a i d  

c l o s e d   c o n d u i t ;   a n d ,  

(d)  o p e r a t i n g   s a i d   p u m p i n g   means   as  f r e s h   f i l l  

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

t h e r e b y   w i t h d r a w i n g   w a t e r   f rom  f i l l   s u r r o u n d -  

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

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

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

p u m p i n g   m e a n s .  

35.  A  m e t h o d   as  d e f i n e d   in  c l a i m   34,   f u r t h e r   c o m -  

p r i s i n g ,   b e f o r e   s a i d   o p e r a t i n g   s t e p ,   s e a l i n g   p o r t i o n s   o f  

s a i d   p e r f o r a t e d   c o n d u i t s   no t   c o v e r e d   by  f i l l   to  p r e v e n t  

w a t e r   c o m m u n i c a t i o n   t h r o u g h   s a i d   n o n - c o v e r e d   p o r t i o n s .  

36.  A  m e t h o d   as  d e f i n e d   in  c l a i m   34,   f u r t h e r   c o m -  

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

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

to  two  m e t r e s   to  p r e v e n t   w a t e r   c o m m u n i c a t i o n   t h r o u g h  

s a i d   n o n - c o v e r e d   p o r t i o n s .  

37.  A  m e t h o d   as  d e f i n e d   in  c l a i m   36,   f u r t h e r   c o m -  

p r i s i n g ,   a f t e r   c o m m e n c e m e n t   of  s a i d   o p e r a t i n g   s t e p ,   a n d  

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

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

m a i n t a i n   a  d e p t h   of  a b o u t   one  to  two  m e t r e s   of  f i l l  

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

38.  A  m e t h o d   as  d e f i n e d   in  c l a i m   37,   f u r t h e r   c o m -  

p r i s i n g ,   a f t e r   t h e   p e r f o r a t e d   p o r t i o n s   of  s a i d   p e r f o r a -  

t e d   c o n d u i t s   h a v e   b e e n   e n t i r e l y   u n s e a l e d ,   and  as  a d d i -  

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

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

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

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

39.  A  m e t h o d   as  d e f i n e d   in  c l a i m   34,   35  or  36  

w h e r e i n   a d j a c e n t   o n e s   of  s a i d   p e r f o r a t e d   c o n d u i t s   a r e  

s p a c e d   a t   l e a s t   1 . 5   m e t r e s   a p a r t .  



40.  A  m e t h o d   as  d e f i n e d   in  c l a i m   34,   35  or   3 6  

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

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

t h e   p o i n t   a t   w h i c h   f r e s h   f i l l   is   a d d e d   to  s a i d   u n d e r -  

w a t e r   f i l l .  

41.   A  m e t h o d   of  i n c r e a s i n g   t h e   p a c k i n g   d e n s i t y   o f  

p a r t i c l e s   a c c u m u l a t e d   in  a  w a t e r   s a t u r a t e d   p a r t i c u l a t e  

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

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

42.  A  m e t h o d   as  d e f i n e d   in  c l a i m   41,   w h e r e i n   s a i d  

p a r t i c l e - c o m p a c t i n g   f o r c e   is   a p p l i e d   by  a d d i n g   a d d i -  

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

43.  A  m e t h o d   as  d e f i n e d   in  c l a i m   42,   w h e r e i n   p o r e  

w a t e r   is  w i t h d r a w n   f r o m   s a i d   mass   s u c h   t h a t   t h e   w o r k  

d o n e   on  p o r e   w a t e r   w i t h d r a w n   f rom  s a i d   mass   is   a p p r o x i -  

m a t e l y   e q u a l   to  t h e   e n e r g y   i n t r o d u c e d   i n t o   s a i d   mass   b y  

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

44.  A  m e t h o d   of  i n c r e a s i n g   t h e   p a c k i n g   d e n s i t y   o f  

p a r t i c l e s   a c c u m u l a t e d   in  a  w a t e r   s a t u r a t e d   p a r t i c u l a t e  

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

w h i l e   a p p l y i n g   i n t e r - p a r t i c l e   s h e a r   s t r e s s   w i t h i n   s a i d  

m a s s .  

45.  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 w a t e r   f i l l  

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

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

v i o u s l y   d e p o s i t e d   a t   s a i d   s i t e .  
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