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©  A  method  and  apparatus  for  making  fast  to  an  iceberg. 
The  method  of  making  fast  to  an  iceberg  comprises  the 

steps  of: 
-providing  a  rigid,  hollow,  parallel-sided  anchor  body  (24) 

having  an  open  end  with  a  rim  (26)  and  a  closed  end  including 
means  (25)for  making  fastthereto; 

-applying  the  open  end  against  an  iceberg  (12)  and  seal- 
ing  itthereto  by  sinking  the  rim  into  the  ice;  and 

-ensuring  that  the  body  is  filled  with  water  and  then 
pumping  (17)  the  water  out  via  an  opening  in  or  near  the 
closed  end  of  the  body  to  create  a  pressure  differential  tend- 
ing  to  thrust  the  body  into  the  iceberg,  whereby  the  means  for 
making  fast  to  the  closed  end  of  the  anchor  body  provide  a 
secure  point  for  making  fast  to  the  iceberg  once  the  anchor 
body  has  been  sunk  into  the  iceberg.  The  invention  also  pro- 
vides  a  submersible  rig  for  performing  this  method  under 
water,  thereby  facilitating  the  filling  of  the  anchor  body  with 
water,  and  also  having  the  advantage  of  a  greater  pressure 
differential  with  increasing  depth  under water. 





The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  m e t h o d   and  to  a p p a r -  
a t u s   f o r   m a k i n g   f a s t   to  an  i c e b e r g .   In  o t h e r   w o r d s ,   to  a  

m e t h o d   f o r   o b t a i n i n g   a  p u r c h a s e   on  the   i ce   of  an  i c e b e r g   s o  

t h a t   a  f o r c e   may  be  a p p l i e d   t h e r e t o .  

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

i c e b e r g s   f rom  t h e   A n t a r c t i c   to  c o a s t a l   r e g i o n s   in  n e e d   o f  

w a t e r .   A t t e m p t s   a t   m o v i n g   s u c h   i c e b e r g s   r e q u i r e   f i x i n g  

p o i n t s   on  t he   i c e b e r g   i t s e l f   in  o r d e r   to  a p p l y   t r a c t i v e  

f o r c e s   t h e r e t o ,   and  a l s o   in  o r d e r   to  moor  p r o t e c t i v e   d e v i c e s  

to  the   i c e b e r g   to  p r e v e n t   e x c e s s i v e   damage  f rom  wave  a c t i o n  

and  f rom  m e l t i n g   in  warm  t r o p i c a l   w a t e r s .  

In  a  f i r s t   a s p e c t   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   of  m a k i n g   f a s t   to  an  i c e b e r g ,   the   m e t h o d   c o m p r i s i n g  

the   s t e p s   o f  :  

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

h a v i n g   an  open   end  w i t h   a  r i m ,   and  a  c l o s e d   end  i n c l u d i n g  

means  f o r   m a k i n g   f a s t   t h e r e t o  ;  

-  a p p l y i n g   t he   open   end  a g a i n s t   an  i c e b e r g   and  s e a l i n g   i t  

t h e r e t o   by  s i n k i n g   the   r im  i n t o   t he   i c e  ;   a n d  

-  e n s u r i n g   t h a t   t he   body  is   f i l l e d   w i t h   w a t e r   and  t h e n  

p u m p i n g   the   w a t e r   ou t   v i a   an  o p e n i n g   in  or  n e a r   the   c l o s e d  

end  of  t h e   body  to  c r e a t e   a  p r e s s u r e   d i f f e r e n t i a l   t e n d i n g  

to  t h r u s t   t he   body   i n t o   t h e   i c e b e r g ,   w h e r e b y   the   means   f o r  

m a k i n g   f a s t   to  t h e   c l o s e d   end  of  t he   a n c h o r   body  p r o v i d e  

a  s e c u r e   p o i n t   f o r   m a k i n g   f a s t   to  the   i c e b e r g   once   t h e  

a n c h o r   body   has   b e e n   sunk   i n t o   t he   i c e b e r g .  

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

t h e r e b y   f a c i l i t a t i n g   the   f i l l i n g   of  the   a n c h o r   body  w i t h  

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

The  p a r a l l e l - s i d e d   a n c h o r   body  w i l l   p r e f e r a b l y   be  i n  

the   fo rm  of   a  c y l i n d e r   of  s t e e l ,   f o r   e x a m p l e   a  l e n g t h   o f  

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

to  c l o s e   i t .  

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

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



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

t h e   r i g   t o g e t h e r   w i t h   an  a n c h o r   body   to  a  p r e d e t e r m i n e d  

d e p t h ,   means   f o r   o b t a i n i n g   a  t e m p o r a r y   g r i p   on  t he   f l a n k   o f  

an  i c e b e r g ,   means   f o r   a d v a n c i n g   the   a n c h o r   body  u n t i l   t h e  

r im  of   i t s   l e a d i n g   edge   is   c o m p l e t e l y   e m b e d d e d   in   t h e   f l a n k  

of   t h e   i c e b e r g ,   and  means   f o r   p u m p i n g   o u t   w a t e r   f rom  t h e  

a n c h o r   body   to  c a u s e   i t   to   s i n k   p r o g r e s s i v e l y   i n t o   t h e  

i c e b e r g .  

P r e f e r a b l y   t h e   means   f o r   o b t a i n i n g   a  t e m p o r a r y   g r i p  

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

g r i p p i n g   h e a d s   m o u n t e d   on  t he   ends   of  r e s p e c t i v e   arms  o f  

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

cups   w h i c h   a r e   p r e f e r a b l y   m o u n t e d   on  t h e   ends   of  r e s p e c t i v e  

h y d r a u l i c   rams  s e r v i n g   as  t h e   s a i d   a r m s .   The  l e n g t h s   o f  

t he   a rms  can  t h e n   be  v a r i e d   i n d e p e n d e n t l y   of   each   o t h e r   t o  

a c c o m o d a t e   i r r e g u l a r i t i e s   in   t he   f l a n k   of  an  i c e b e r g ,   o r  

s i m u l t a n e o u s l y   to  move  t he   e n t i r e   r i g   t o w a r d s   or  away  f r o m  

the   s a i d   f l a n k .  

N o r m a l l y   t h e   r i g   w i l l   be  b a l l a s t e d   to  r e m a i n   on  a n  

e v e n   k e e l ,   and  w i l l   o p e r a t e   at  d e p t h s   w h e r e   t he   e f f e c t   o f  

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

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

on  t h e   i c e b e r g ,   i t   is   a l s o   u s e f u l   to  be  a b l e   to  move  i t s  

v a r i a b l e   l e n g t h   arms  in   c o n c e r t   to  c o r r e c t   i t s   o r i e n t a t i o n ,  

i . e .   to  move  t h e   arms  s i m u l t a n e o u s l y   b u t   by  d i f f e r e n t  

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

E m b o d i m e n t s   of   t h e   r i g   a r e   d e s c r i b e d   by  way  of  e x a m p l e  

w i t h   r e f e r e n c e   to  t he   a c c o m p a n y i n g   d r a w i n g s ,   in  w h i c h  :  

-  F i g u r e   1  is  a  s i d e   v i e w   of   t h e   f i r s t   r i g   s h o w i n g   an  a n c h o r  

body   p a r t i a l l y   e n g a g e d   in  t he   f l a n k   of   an  i c e b e r g  ;  

-  F i g u r e   2  is  a  f r o n t   v i e w   of  t he   f i r s t   r i g   as  shown  f i g u r e  

1  ;  

-  F i g u r e   3  is  a  s i d e   v i e w   s i m i l a r   to  f i g u r e   1  b u t   in   w h i c h  

some  c o m p o n e n t s   h a v e   b e e n   o m i t t e d   in  o r d e r   to  show  o t h e r  

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

cups   and  TV  v i e w i n g   a r r a n g e m e n t s  ;  



-  F i g u r e   4  is  a  f r o n t   v i e w   of   t h e   f i r s t   r i g   as  shown  i n  

f i g u r e   3  ;  

-  F i g u r e   5  is  a  s i d e   v i e w   s i m i l a r   to  f i g u r e s   1  and  3  w i t h  

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

w i t h   t he   n e a r   s i d e   of  t h e   r i g   r e m o v e d  ;  

-  F i g u r e   6  is   a  f r o n t   v i e w   of   f i g u r e   5  ;  

-  F i g u r e   7  is  a  d e t a i l   v i e w   of   a  r e t r a c t a b l e   a n c h o r   b o d y  

g u i d e  ;  

-  F i g u r e   8  is   a  s i d e   v i e w   s i m i l a r   to  f i g u r e s   1,  3  and  5  o f  

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

s i n k i n g   of  t he   r im  of  t h e   a n c h o r   body  in  t he   i c e  ;  

-  F i g u r e   9  is  a  f r o n t   v i e w   of  f i g u r e   8  ;  

-  F i g u r e   10  is  a  c r o s s - s e c t i o n   t h r o u g h   a  v a r i a n t   d e v i c e   f o r  

o b t a i n i n g   an  i n i t i a l   g r i p   on  an  i c e b e r g  ;  

-  F i g u r e s   11  and  12  a r e   a  s i d e   v i e w   and  a  f r o n t   v i ew   o f  

a l t e r n a t i v e   means   f o r   m o v i n g   an  a n c h o r   body  i n t o   t he   i c e  ;  
a n d  

-  F i g u r e s   13  and  14  show  two  p o s i t i o n s   of  a  f u r t h e r   v a r i a n t  

of  means  f o r   m o v i n g   t he   a n c h o r   body  i n t o   the   i c e .  

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

w i t h   the   i n v e n t i o n   f o r   use   in  m a k i n g   f a s t   to  an  i c e b e r g   i s  

d e s c r i b e d   w i t h   r e f e r e n c e   to  f i g u r e s   1  to  9.  T h e s e   f i g u r e s  

a l l   show  s u b s t a n t i a l l y   t he   same  r i g   w i t h   o n l y   s l i g h t   m o d i -  

f i c a t i o n s   f rom  one  s e t   of  f i g u r e s   to  the   n e x t .   H o w e v e r ,  

to  keep   the   d r a w i n g s   u n c l u t t e r e d ,   many  e l e m e n t s   common  t o  

a l l   the   v a r i a n t s   a r e   o n l y   shown  in  a  few.   In  p a r t i c u l a r ,  
t he   s t r u c t u r e   of  t he   r i g   p e r   se  and  of  i t s   v a r i o u s   m e a n s  
f o r   m a n o e u v e r i n g   a r e   s u b s t a n t i a l l y   i d e n t i c a l   t h r o u g h o u t ,  

even   i f   no t   e x p l i c i t l y   shown  in  a l l   the   d r a w i n g s ,   the   m a i n  

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

a n c h o r   body  in  t h e   f l a n k   of  an  i c e b e r g   and  d i f f e r e n t   ways  o f  

p e r f o r m i n g   the   s t e p   of  p u m p i n g   i t   o u t .  

With   r e f e r e n c e   in  p a r t i c u l a r   to  f i g u r e s   1  to  4,  t h e  

f l a n k   12  of  an  i c e b e r g   is   shown  b e i n g   p e n e t r a t e d   by  a n  

a n c h o r   body   in  t he   fo rm  of   a  p a r a l l e l - s i d e d   c y l i n d e r   24  w i t h  

an  open  end  h a v i n g   a  s h a r p   r im   26  and  a  c l o s e d   end  f i t t e d  

w i t h   means   25  f o r   m a k i n g   f a s t   to  t he   c y l i n d e r   24.  T h e  



c y l i n d e r   24  i s   s u p p o r t e d   by  a  r i g   w h i c h   e s s e n t i a l l y   c o m -  

p r i s e s   a  m a i n   t a n k   5  f rom  w h i c h   t h e r e   i s  s u s p e n d e d   a  h o r s e -  

shoe   s h a p e d   f r a m e   8  a r r a n g e d   a s t r i d e   t h e  c y l i n d e r   2 4 .  T h e  

f r a m e   is   made  f rom  a  w e l d e d   a s s e m b l y   o f   120  mm  s q u a r e   b o x  

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

r i g   on  l a n d   or   by  s h i p  a n d   w h i c h   a r e   h e l d   in  t h e  h o r s e  s h o e  

c o n f i g u r a t i o n  b y   c o r n e r   s t r u t s   19.  T h e  t a n k   5  i s  a t t a c h e d  

to  t he   h o r i z o n t a l   member   83  of   t he   r i g  b y   means   o f  s i x  

b r a c k e t s   21,   a r r a n g e d   in   two  l i n e s   of  t h r e e .  

The  m a i n   t a n k   5  s e r v e s   as  a  m a i n  b u o y a n c y   c h a m b e r   a n d  

a l s o   as  a  h o u s i n g   f o r   m a c h i n e r y .   An  a i r l o c k   23  p r o v i d e s  

a c c e s s   to  i t s   i n t e r i o r .   The  r i g  i s   b a l l a s t e d   b y  b a l l a s t  

( e . g .  l e a d   s h o t )   c o n t a i n e d   i n  r e s p e c t i v e   c h a m b e r s  6   l o c a t e d  

at  t he   f o o t   o f  e a c h   f r a m e   v e r t i c a l   8 1  a n d  8 2 .   The  a r r a n g e -  

ment   p r o v i d e s   t he   b a s i c  m e a n s   f o r   k e e p i n g   t h e   r i g   a t   s u b -  

s t a n t i a l l y   n e u t r a l   b u o y a n c y   and  t h e  r i g h t   way  up.   In  a n  

e m e r g e n c y ,   t h e   c h a m b e r s  6   can  be  j e t t i s o n e d   by  means   18  

a l l o w i n g   t h e   r i g  t o   r e t u r n   to  t he   s u r f a c e .   F o r  v e r t i c a l  

m o v e m e n t   and  a l s o   f o r  t r i m m i n g ,   t he   r i g   i s  a l s o  p r o v i d e d  

w i t h   a  b a l l a s t   t a n k   13  a t   t h e   h e a d  o f   e ach   f r a m e  v e r t i c a l  

(o r   s l i g h t l y   i n b o a r d   t h e r e o f   s ee   f i g   9)  a n d  b a l l a s t  t a n k s  

131  and  132  a t   t h e   f o o t   of  t h e   v e r t i c a l s   81  and  82  r e s p e c -  

t i v e l y .   The  r i g   c a n  b e   s u b m e r g e d   to  a  d e s i r e d   d e p t h  a n d  

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

i n t o   and  o u t   of   t h e   b a l l a s t   t a n k s   13,  131  and  1 3 2 .  

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

t h e r e   a r e   two  v e r t i c a l l y   o r i e n t e d ,   s h r o u d e d  t h r u s t e r s   1 0 ,  

one  m o u n t e d   on  the   l o w e r   h a l f   of   e a c h  v e r t i c a l   81  and  8 2 .  

Two  h o r i z o n t a l l y   o r i e n t e d   s h r o u d e d   t h r u s t e r s   11  a r e   p r o -  
v i d e d   in  t he   c o r n e r s   b e l o w   t h e   f r a m e   h o r i z o n t a l   83  ( s e e  

f i g   9)  or  in  t h e   f r a m e   h o r i z o n t a l   8 3  i t s e l f   ( s e e   2)  a n d  

a r e   f o r   u s e   in  m o v i n g   t h e   r i g   t o w a r d s   or  away  f rom  t h e   f l a n k  

12  of  an  i c e b e r g .   At  c l o s e   r a n g e ,   h o r i z o n t a l   m o v e m e n t   i s  

c o n t r o l l e d   more   a c c u r a t e l y   by  h y d r a u l i c   r a m s  4  w h i c h   e n g a g e  

t he   f l a n k   12  v i a   r e s p e c t i v e  s u c t i o n   cups   1  a n d  u n i v e r s a l  

j o i n t s   2.  T h e r e  m a y   be  f o u r   or  s i x   s u c h   r a m / s u c t i o n  c u p  

a s s e m b l i e s ,   two  p e r   v e r t i c a l   81  or  82  and  o p t i o n a l l y   two  o n  



the   c r o s s - p i e c e   83  ( s e e   f i g s . 3   and  4 ) .   The  s u c t i o n   cups   1 

h a v e   a  d i a m e t e r   of  1 /2   m e t r e s   and  a r e   c o n n e c t e d   to  p u m p i n g  

m e a n s ,   n o t   s h o w n ,   to  p r o v i d e   a  t e m p o r a r y   g r i p   on  the   f l a n k  

12,   w h i l e   t he   h y d r a u l i c   rams  4  a r e   c a p a b l e   of  e x e r t i n g   a  

t h r u s t   of   up  to  25  t o n n e s   t o  e n a b l e   t he   r i g  t o  b e   p u s h e d   o r  

p u l l e d   d i r e c t l y   w i t h   r e s p e c t   to  t he   f l a n k   12.  The  rams  4  a l s o  

make  i t   p o s s i b l e   to  a c c o m m o d a t e   any  i r r e g u l a r i t i e s   in  t h e  

s u r f a c e   of   t h e   f l a n k   12.  O t h e r   i c e b e r g - g r i p p i n g   h e a d s   c o u l d  

be  d e v i s e d ,   e . g .   i n c l u d i n g   means   f o r   p i e r c i n g   i n t o   the   i c e ,  

and  l i k e w i s e   o t h e r   f o r m s   of  a rm,   e . g .   w i t h   more   or  f e w e r  

d e g r e e s   of  f r e e d o m   of  m o v e m e n t   c o u l d   a l s o   be  d e v i s e d .   O u r  

p r e f e r r e d   v a r i a n t   i c e b e r g - g r i p p i n g   arm  is   d e s c r i b e d   w i t h  

r e f e r e n c e   to  f i g u r e   1 0 .  

To  f a c i l i t a t e   p r o p e r   c o n t r o l   of  t h e   a r m s ,   a  TV  c a m e r a /  

f l o o d l i g h t   a s s e m b l y   3  is  p r o v i d e d   in  a s s o c i a t i o n   w i t h   e a c h  

arm.  The  TV  p i c t u r e s   a r e   i n t e n d e d   f o r   a  r e m o t e   o p e r a t o r   o n  

a  s u r f a c e   v e s s e l ,   b u t   a l t e r n a t i v e l y   t h e   ma in   t a n k   5  c o u l d  

be  e q u i p p e d   w i t h   c rew  q u a r t e r s   in  a d d i t i o n   to  h o u s i n g  

m a c h i n e r y .  

The  a n c h o r   body  c y l i n d e r   24  is  h e l d   in  p l a c e   b e t w e e n  

the   t h r e e   l i m b s   of  t he   h o r s e   shoe   s h a p e d   f r a m e   8  by  m e a n s  
of  t h r e e   r e t r a c t a b l e   s e t s   7,  71,  72  of  g u i d e   w h e e l s   14,  1 6 ,  

the   s e t s   b e i n g   a t   1200  s p a c i n g .   Each   s e t   c o m p r i s e s   t h r e e  

w h e e l s   a r r a n g e d   in  l i n e   to  run   a l o n g   a  g e n e r a t o r   l i n e   o f  

t he   c y l i n d e r   24.  The  u p p e r   s e t   7  is   v e r t i c a l l y   r e t r a c t a b l e  

t o w a r d s   t h e   f r a m e   h o r i z o n t a l   83,  w h i l e   t h e   l o w e r   s e t s   71 

and  72  a r e   r o t a t a b l y   r e t r a c t a b l e   t o w a r d s   t h e i r   r e s p e c t i v e  

f r a m e   v e r t i c a l s   81  and  82.  A  p a i r   of  j a c k s   15  c o n t r o l   t h e  

r e t r a c t i o n   of  e a c h   of  t he   s e t s   ( s e e   e . g .   f i g u r e   7) .   The  

m i d d l e   w h e e l   16  of  e a c h   s e t   of  w h e e l s   is   m o t o r i z e d   f o r   d r i -  

v i n g   t h e   c y l i n d e r   l o n g i t u d i n a l l y ,   w h i l e   t he   l e a d i n g   a n d  

t r a i l i n g   w h e e l s   14  a r e   i d l e r   w h e e l s .  

The  s h a r p   r im  25  a t   the   l e a d i n g   edge   of  the   c y l i n d e r  

24  a i d s   i n i t i a l   p e n e t r a t i o n   i n t o   t h e   i c e   of  the   f l a n k   1 2 .  

Ice   is   a  p l a s t i c   s u b s t a n c e   and  m e l t s   and  f l o w s   when  p r e s s u r e  

is   a p p l i e d   to  i t .   T h u s ,   an  i n i t i a l   p e n e t r a t i o n   of  the   f l a n k  

is  o b t a i n e d   by  m e c h a n i c a l l y   t h r u s t i n g   t he   c y l i n d e r   24  i n t o  



t h e   i c e .   T h u s ,   w i t h   t he   h y d r a u l i c   rams  4  a t  t h e i r   m a x i m u m  

e x t e n s i o n   c o m p a t i b l e   w i t h   t he   u n e v e n   s u r f a c e   of   t h e   i c e ,   t h e  

c y l i n d e r   24  i s   moved   f o r w a r d   by  t h e   m o t o r   w h e e l s   16  u n t i l  

t h e   s h a r p   r i m   26  comes  i n t o   c o n t a c t   w i t h   t h e   i c e .   T h e n ,  

w i t h   t h e   w h e e l s   16  l o c k e d ,   t he   h y d r a u l i c   rams  4  a r e   p r o -  

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

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

e m b e d d i n g   t h e   r im   of  t h e   c y l i n d e r   in   t h e   i c e .   T h i s   o p e r a -  

t i o n   may  n e e d   r e p e a t i n g   more  t h a n   o n c e ,   i . e .   t h e   r i g   m a y  

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

r e p e a t e d .   A l t e r n a t i v e l y   i t   may  be  p o s s i b l e   to  a p p l y   s u f f i -  

c i e n t   t h r u s t   u s i n g   t h e   m o t o r   w h e e l s   16  on  t h e i r   o w n .  

In  a  v a r i a n t   shown  in  f i g u r e s   8  and  9,  t he   c y l i n d e r   24 

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

l u g s   e n g a g e d   in   h y d r a u l i c   rams  9.  T h i s   p r o v i d e s   f o r  d i r e c t  

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

rams  8  can   t h e n   be  r e s e r v e d   f o r   u se   in  p o s i t i o n i n g   the   r i g  

a g a i n s t   t h e   i c e   f l a n k   12.  So  l o n g   as  t h e   l u g s   a r e   n o t  

l a r g e ,   t h e i r   e x t r a   r e s i s t a n c e   to   p a s s a g e   of  t h e   c y l i n d e r   24 

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

j e c t i o n a b l e .   T h i s   a r i s e s   f rom  t h e   f a c t   t h a t  e v e n   a t   d e p t h s  

of   o n l y   a  few  t e n s   of  m e t r e s ,   t he   p r e s s u r e   d i f f e r e n c e   a v a i l -  

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

W h i c h e v e r   m e t h o d   i s   a c t u a l l y   u s e d   to  embed  the   r im  26 

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

of   t h e  c y l i n d e r   24  v i a   i t s   c l o s e d   end  so  t h a t   t he   c y l i n d e r  

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

i c e .   A  f i r s t   a r r a n g e m e n t   f o r   p e r f o r m i n g   t h i s   s t e p   is   s h o w n  

in  f i g u r e s   1  and  2.  A  pump  17  ( e . g .   an  e l e c t r i c a l l y   d r i v e n  

t u r b i n e   pump)  i s   l o c a t e d   on  the   c l o s e d   end  of  t he   c y l i n d e r  

24  and  a  p o w e r   l e a d   20  r u n s  f r o m   t he   pump  to  t h e  m a i n   t a n k  

5.  The  p o w e r   f o r   t h e   pump  is   g e n e r a t e d   by  m a c h i n e r y   in  t h e  

m a i n   t a n k   5.  A l t e r n a t i v e l y ,   a  h y d r a u l i c   pump  can  be  u s e d  

and  t h e n   t h e   p o w e r   s u p p l y   means   and  t h e   p o w e r   l e a d   20  a r e  

a d a p t e d   a c c o r d i n g l y .  



A  s e c o n d   a r r a n g e m e n t   i s   shown  in  f i g u r e s   3  to  9.  I n  

t h i s   a r r a n g e m e n t   t he   r i g   is   r e m o t e l y   o p e r a t e d   f rom  t h e   s u r -  

f a c e .   A  more   p o w e r f u l   pump  171  is  u s e d   and  i t   i n c l u d e s   b o t h  

a  f i r s t   p o w e r l i n e   201  f rom  the   ma in   t a n k   5  and  a  s e c o n d  

p o w e r l i n e   202  f rom  t h e   s u r f a c e .   A l s o   the   pump  171  i s   s h o w n  

on  the   top   of  t h e   c y l i n d e r   24  i n s t e a d   of  on  i t s   e n d  ;   t h e  

top  p o s i t i o n   f a c i l i t a t e s   e v a c u a t i n g   any  a i r   w h i c h   may  b e  

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

s t a g e   and  e i t h e r   p o s i t i o n   is   s a t i s f a c t o r y   p r o v i d e d   t h a t   t h e  

v a l v e   a r r a n g e m e n t   is   n e a r   t he   end  so  t h a t   the   c y l i n d e r   c a n  

be  sunk   a  s u b s t a n t i a l   d i s t a n c e   i n t o   t h e   i c e .   I t   can  a d v a n -  

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

the   f l a n k   12  of  the   i c e b e r g   so  t h a t   p u m p i n g   is  s t o p p e d   b e -  

f o r e   i t   b e c o m e s   i m p o s s i b l e   to  s i n k   the   c y l i n d e r   24  a n y  
f u r t h e r   i n t o   t he   i c e .   Such  an  a r r a n g e m e n t   h e l p s   to  a v o i d  

the  p o s s i b i l i t y   t h a t   a  p r o j e c t i n g   p o r t i o n   of  i ce   i n s i d e   t h e  

c y l i n d e r   24  c o u l d   d e f o r m ,   or  e v e n   p e r h a p s   r u p t u r e   t he   e n d  

of  the   c y l i n d e r   24  d u r i n g   t h e   f i n a l   s t a g e s   of  p u m p i n g .  

The  f i r s t   p o w e r l i n e   201  is  u s e d   e s s e n t i a l l y   d u r i n g   t h e  

i n i t i a l   s t a g e s   of  e m b e d d i n g   t h e   r im  26  in  the  i c e .   T h i s  

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

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

the   i c e .  

An  u m b i l i c a l   c a b l e   203  f o r   b o t h   power   and  t e l e c o m m u n i -  

c a t i o n s   is  shown  l e a v i n g   the   ma in   t a n k   5  and  e x t e n d i n g  

t o w a r d s   the   s u r f a c e .  

Once  the   c y l i n d e r   24  has   b e e n   sunk   i n t o   the   i c e ,   t h e  

r i g   is  f r e e   to  r e t u r n   to  the   s u r f a c e   to  c o l l e c t   a n o t h e r  

c y l i n d e r   and  r e p e a t   the   p r o c e d u r e   at   a  d i f f e r e n t   p o i n t   i n  

the  f l a n k   12  of  t h e   i c e b e r g .   The  means   25  f o r   m a k i n g   f a s t  

to  the   c y l i n d e r   24  shown  n e a r   i t s   c l o s e d   end  c o m p r i s e   t w o  

c h e c k   p i e c e s   27  w h i c h   p r o v i d e   a  s l o t   f o r   g u i d i n g   and  r e -  

t a i n i n g   a  b e l t   w h i c h   is   p l a c e d   a r o u n d   the   c y l i n d e r   24.  S u c h  

a  b e l t   can  be  u s e d   to  a n c h o r   a  f l o a t i n g   t o w e r   a c t i n g   as  p a r t  
of  a  p r o t e c t i v e   b a r r i e r   a r o u n d   t he   i c e b e r g ,   or  f o r   a n y  
o t h e r   p u r p o s e   f o r   w h i c h   t h e r e   is   a  need   to  a p p l y   a  t h r u s t  

in  a  d i r e c t i o n   s u b s t a n t i a l l y   p a r a l l e l   to  the   f l a n k   12  o f  



t he   i c e b e r g .   An  a l t e r n a t i v e   a r r a n g e m e n t   f o r   m a k i n g   f a s t  

w o u l d   be  to  p u t   a  n e c k   in  t h e   c y l i n d e r   24  n e a r   to  i t s   c l o s e d  

end .   Such  a  n e c k   w o u l d   b e  m o r e   d i f f i c u l t   t o  m a k e   f rom  s t a n -  

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

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

F i g u r e   10  shows  an  a l t e r n a t i v e   i c e b e r g - g r i p p i n g   arm  t o  

r e p l a c e   t h e   s u c k e r / h y d r a u l i c   ram  a r r a n g e m e n t s  d e s c r i b e d   w i t h  

r e f e r e n c e   to  f i g u r e s   1  to  9.  One  of  t he   f r a m e   v e r t i c a l s   i s  

i n d i c a t e d   by  i t s   f o r e  a n d   a f t   v e r t i c a l   b a r s   84  and  85.  T h i s  

i c e b e r g - g r i p p i n g   arm  o p e r a t e s   on  t h e  s a m e   p r i n c i p l e   as  t h e  

ma in   s y s t e m   f o r   e m b e d d i n g   an  a n c h o r   body   in  t h e   i c e b e r g .  

The  arm  shown  in  f i g u r e   10  c o m p r i s e s   a  t o r p e d o  3 1   p r o -  
v i d e d   w i t h   a  s h r o u d e d   p r o p e l l e r   30  a t   an  a f t   e n d  a n d   a  

c y l i n d r i c a l   i c e b e r g - p e n e t r a t i n g   body   32  at  a  l e a d i n g   e n d .  

The  p r o p e l l e r   30  i s   u s e d   f o r   t h e  i n i t i a l   p e n e t r a t i o n   of   t h e  

l e a d i n g   e d g e   of  t h e   body   32  i n t o   the   i c e ,   p o w e r  b e i n g   p r o -  
v i d e d   v i a   a  p o w e r   l e a d   204.   Once  t h e   l e a d i n g   edge   is  s u f f i -  

c i e n t l y   e m b e d d e d ,   t h e   body  32  is   pumped   o u t  i n   t he   same  w a y  

as  the   a n c h o r   body   24.  The  pump  is   shown  i n  s e c t i o n   a t   1 7 4 ,  

i t   is  a  t u r b i n e   pump  a r r a n g e d   a x i a l l y   a l o n g   t he   f o r e   p a r t   o f  

t he   t o r p e d o   31,  t o g e t h e r  w i t h   v a l v e s   and  means   f o r   p u m p i n g  

w a t e r   i n t o   t h e   i c e b e r g - p e n e t r a t i n g   body   32  as  w e l l   as  o u t  

of  i t .   T h i s   l a s t   f e a t u r e   is  r e q u i r e d   when  the   r i g   is  t o  

l e a v e   t he   s i t e   a f t e r   i m p l a n t i n g   an  a n c h o r  b o d y   24  in   t h e  

f l a n k   of   t h e   i c e b e r g .   A  f u r t h e r   f e a t u r e   is   t h e   TV  c a m e r a  

and  f l o o d l i g h t   a s s e m b l y   3  w h i c h   is   l o c a t e d   to  l o o k   i n s i d e  

the   i c e b e r g - p e n e t r a t i n g   body   3 2 .  

F i g u r e s   11  and  12  show  a  f u r t h e r   m e t h o d  o f   a d v a n c i n g  

an  a n c h o r   b o d y .   In  t h e s e   f i g u r e s   t he   a n c h o r   body  241  i s   a  

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

c y l i n d e r   24  shown  in  f i g u r e s   1  to  9.  The  s m a l l   d i a m e t e r  

c y l i n d e r   24  i s   h e l d   in   t he   h o r s e s h o e   of  t h e  f r a m e   8  by  t w o  

c o l l a r s   41  and  4 2  a r r a n g e d   in   a  d r i v e   s y s t e m   40  f o r   u r g i n g  

t h e   a n c h o r   body   24  f o r w a r d s .   The  s y s t e m   t h r u s t   is   p r o v i d e d  

by  a  s e t   of   h y d r a u l i c   c y l i n d e r s   43.  In  a  f i r s t   s t r o k e   t h e  

c y l i n d e r   241  is   h e l d   by  t he   c o l l a r   4 1  w h i c h   i s   f i x e d   w h i l e  

t he   c o l l a r   42  i s   l o o s e d   and  moved   b a c k w a r d s   by  t h e   h y d r a u l i c  



c y l i n d e r s   43.   Then  t he   m o v i n g   c o l l a r   42  is  t i g h t e n e d   t o  

g r i p   t he   c y l i n d e r   24  and  the   f i x e d   c o l l a r   41  is   l o o s e n e d .  

A  s e c o n d ,   or  d r i v e ,   s t r o k e   f o l l o w s   in  w h i c h   the   m o v i n g   c o l -  

l a r   42  is  p u l l e d   f o r w a r d s   by  t he   h y d r a u l i c   c y l i n d e r s   4 3 .  

At  the   end  of   t he   d r i v e   s t r o k e   t he   f i x e d   c o l l a r   41  i s  

t i g h t e n e d   and  t he   m o v i n g   c o l l a r   42  is  l o o s e n e d   to  r e p e a t   t h e  

f i r s t   s t r o k e .   T h i s   o p e r a t i o n   is  c o n t i n u e d   u n t i l   t he   c y l i n d e r  

can  be  more   e a s i l y   moved  by  p u m p i n g   f rom  pump  171  as  b e f o r e .  

C l e a r l y ,   t h i s   t h r u s t i n g   can  o n l y   be  p e r f o r m e d   a f t e r   an  a d e -  

q u a t e   t e m p o r a r y   g r i p   on  the   i c e b e r g   has   b e e n   o b t a i n e d   b y  

means   of  t h e   s u c t i o n   cups   1,  f o r   e x a m p l e ,   or  e q u i v a l e n t .  
The  m o v i n g   c o l l a r   42  is  shown  in  e l e v a t i o n   in  f i g u r e  

12.  I t   is  e s s e n t i a l l y   c o m p o s e d   of   t h r e e   120°   c i r c u m f e r e n -  

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

t i g h t e n i n g   and  l o o s e n i n g ,   by  two  t a n g e n t i a l l y   d i s p o s e d  

h y d r a u l i c   c y l i n d e r s   425  and  4 2 6 .  

F i g u r e s   13  and  14  a re   p a r t i a l   s e c t i o n s   t h r o u g h   a  v a r i -  

a n t   of  t he   m o t o r   w h e e l   16.  To  o b t a i n   a  g r e a t e r   t r a c t i v e  

s u r f a c e   two  m o t o r   w h e e l s   161  and  162  a r e   a r r a n g e d   s i d e   b y  
s i d e   w i t h   i n d i v i d u a l   m o t o r s   163  and  164.   F u r t h e r ,   t h e y   a r e  

p i v o t e d   so  as  to  be  a b l e   to  a d a p t   to  c y l i n d e r s   of  d i f f e r e n t  

d i a m e t e r s .   T h i s   e f f e c t   can  r e a d i l y   be  u n d e r s t o o d   on  c o m -  

p a r i n g   f i g u r e   13  s h o w i n g   a  s m a l l   d i a m e t e r   241  and  f i g u r e   14 

s h o w i n g   t he   l a r g e   d i a m e t e r   c y l i n d e r   24.  A  s m a l l   j a c k   1 6 5  

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

m o t o r   w h e e l s   161  and  1 6 2 .  



REFERENCE  NUMERALS 

1.  s u c t i o n   c u p s  
2.  u n i v e r s a l   j o i n t s  

3.  TV  c a m e r a /   f l o o d l i g h t   a s s e m b l y  

4.  h y d r a u l i c   r a m s  

5.  ma in   t a n k  

6.  b a l l a s t   c h a m b e r  

7 
71  s e t s   o f   g u i d e   w h e e l s  
7 2  

8.  h o r s e s h o e - s h a p e d   f r a m e  

9.  r a m  

10.  v e r t i c a l   t h r u s t e r  

11.  h o r i z o n t a l   t h r u s t e r  

12.  f l a n k   of   an  i c e b e r g  

1 3  
131  t r i m m i n g   b a l l a s t   t a n k s  
1 3 2  

14.  g u i d e   w h e e l s  

15.  j a c k s   f o r   r e t r a c t i n g   s e t s   of  w h e e l s  

16.  m o t o r   w h e e l s  

17.  p u m p  
18.  b a l l a s t   j e t t i s o n i n g   m e a n s  

19.  c o r n e r   s t r u t s  

20.  f l e x i b l e   p i p e  

21.  b r a c k e t s  

23.  a i r l o c k  

24.  c y l i n d e r   =  a n c h o r   b o d y  

25.  means   f o r   m a k i n g   f a s t   to  c y l i n d e r  

26.  r i m  

27.  c h e e k   p i e c e s  

30.  p r o p e l l e r  

31.  t o r p e d o - s h a p e d   b o d y  

40.  d r i v e   s y s t e m  

41.  f i x e d   c o l l a r  

42.  m o v i n g   c o l l a r  

43.  h y d r a u l i c   c y l i n d e r  



8 1   f r a m e   v e r t i c a l s  82 

83.  f r a m e   h o r i z o n t a l  

84.  f o r e   b a r  

85.  a f t   b a r  

161  m o t o r   w h e e l s  1 6 2  

1 6 3  m o t o r s  1 6 4  

165.   j a c k  

171.   s e c o n d   p u m p  
174.   t o r p e d o   p u m p  
201.  f i r s t   p i p e  

202.   s e c o n d   p i p e  

203.   u m b i l i c a l   TV  and  p o w e r  
241.   s m a l l   d i a m e t e r   c y l i n d e r  

4 2 1  
422  s e c t o r s   of  c o l l a r  
4 2 3  

4 2 5  t i g h t e n i n g / l o o s e n i n g   h y r a u l i c   c y l i n d e r s  4 2 6  



1.  A  m e t h o d   of   m a k i n g   f a s t   t o  a n   i c e b e r g ,  t h e   m e t h o d   c o m -  

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

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

i ng   an  open   end   w i t h   a  r i m ,   and  a  c l o s e d   end  i n c l u d i n g  m e a n s  

f o r   m a k i n g   f a s t   t h e r e t o  ;  

-  a p p l y i n g   t h e   o p e n   end  a g a i n s t   an  i c e b e r g   and  s e a l i n g   i t  

t h e r e t o   by  s i n k i n g   t h e   r im   i n t o   t h e   i c e  ;   a n d  

-  e n s u r i n g   t h a t   t h e   b o d y  i s   f i l l e d   w i t h   w a t e r  a n d   t h e n   p u m p -  
ing   the   w a t e r   o u t   v i a   an  o p e n i n g   on  or   n e a r   t h e   c l o s e d   e n d  

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

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

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

s e c u r e   p o i n t   f o r   m a k i n g   f a s t   to  t h e   i c e b e r g   once   t he   a n c h o r  

body   has  b e e n   s u n k   i n t o  t h e   i c e b e r g .  

2.  A  m e t h o d  a c c o r d i n g   to  c l a i m   1  w h e r e i n   t h e   m e t h o d   i s  

p e r f o r m e d   u n d e r   w a t e r .  

3.  A  m e t h o d   a c c o r d i n g   to  c l a i m  1   or  2,  w h e r e i n   t h e  

p a r a l l e l - s i d e d   a n c h o r   body   is   in  t h e   f o r m   of  a  c y l i n d e r .  

4.  A  m e t h o d   a c c o r d i n g   to  c l a i m   3  w h e r e i n   t he   c y l i n d e r   i s  

made  f rom  a  l e n g t h   of   s t e e l   t u b i n g .  

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

1,  2,  3  or  4,  w h e r e i n   t he   a p p a r a t u s   c o m p r i s e s   a  s u b m e r s i b l e  

r i g   f o r   h o l d i n g   an  a n c h o r   body   and  i n c l u d i n g   c o n t r o l l a b l e  

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

body  to  a  p r e d e t e r m i n e d   d e p t h ,   means   f o r   o b t a i n i n g   a  t e m -  

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

the   a n c h o r   b o d y   u n t i l   t h e   r im  of  i t s   l e a d i n g  e d g e   i s   c o m -  

p l e t e l y   e m b e d d e d   in  t h e   f l a n k   of  t h e   i c e b e r g ,   and  means   f o r  

p u m p i n g   o u t  w a t e r   f rom  the   a n c h o r  b o d y   to  c a u s e   i t   to  s i n k  

p r o g r e s s i v e l y   i n t o   t he   i c e b e r g .  

6.  A p p a r a t u s   a c c o r d i n g  t o   c l a i m   5  w h e r e i n   t h e   means   f o r  

o b t a i n i n g   a  t e m p o r a r y   g r i p   on  t he   f l a n k   of  an  i c e b e r g   c o m -  

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

ends   of  r e s p e c t i v e   arms  of  v a r i a b l e   l e n g t h .  

7.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   6,  w h e r e i n  t h e   i c e b e r g -  



g r i p p i n g   h e a d s   i n c l u d e   s u c t i o n   c u p s .  
8.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   6  or  7,  w h e r e i n   the   a r m s  

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

9.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   6,  7,  or  8,  w h e r e i n   t h e  

arms  of  v a r i a b l e   l e n g t h   a r e   c o n n e c t e d   to  c o n t r o l   means   p e r -  

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

t o g e t h e r   w i t h   e a c h   o t h e r .  
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