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Flow  line  for  use  in  the  transfer  of  fluid  to  or  from  under  water  sites. 
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A  flow  line  system  for  use  in  the  transfer  of  fluid  to  or  from 
an  under  water  site  comprises  a  first  flow  line  arrangement  (7) 
installed  so  as  to  extend  from  the  water  bed  to  near,  but  below, 
the  surface,  this  arrangement  (7)  being  carried  by  a  buoyant 
support  column  that  is  connected  to  the  water  bed  at  an  articu- 
lated  connection  (5)  and  that  consists  of  rigid  sections  (6)  that 
are  connected  in  series  at  articulated  connections  (5A)  so  that 
the  first  flow  line  arrangement  (7)  is  rigidly  supported  by  each 
section  (6)  but  can  articulate  at  the  base  of  the  column  and  at 
the  connections  (5A)  between  the  rigid  sections  (6);  and  a 
second,  flexible,  flow  line  arrangement  (10)  releasably  con- 
nected  to  the  first  arrangement  (7),  where  the  first  arrange- 
ment  terminates  near  the  surface,  so  as  to  extend  the  first  ar- 
rangement.  As  the  first  flow  line  arrangement  and  the  column 
can  articulate  they  have  good  ability  to  absorb  lateral  loads  and 
impacts,  and  to  cope  with  extensive  movement  at  the  surface 
end  of  the  second  flow  line  arrangement.  The  system  is  there- 
fore  well-suited  for  use  in  considerable  water  depths,  and  as  it 
can  articulate  the  column  can  be  made  slim  which  facilitates  its 
handling  during  installation  and  removal. 



T h i s   i n v e n t i o n   r e l a t e s   to   a  f l o w   l i n e  

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

u n d e r   w a t e r   s i t e s .  

In  t h e   t r a n s f e r   of  f l u i d   to   or  f r o m   a n  

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

of  o i l   or  g a s ,   i t   i s   n e c e s s a r y   to   p r o v i d e   a  f l o w  

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

f a c i l i t i e s   w h i c h   may  be  on  a  f i x e d ,   t e n s i o n e d   o r  

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

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

and   r e - c o n n e c t a b l e   t o ,   t h e   s u b w a t e r   w e l l   h e a d s  

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

w a t e r   a r e a s .   The  p r o b l e m s   in  p r o v i d i n g   e a s e   o f  

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

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

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

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

and  c o n n e c t i o n ,   when  r e q u i r e d ,   s h o u l d   be  e a s y   t o  

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

e f f e c t   such  m a n o e u v r e s   s h o u l d   be  m i n i m i s e d .  

In  U n i t e d   K i n g d o m   p u b l i s h e d   P a t e n t  

A p p l i c a t i o n   N o .  2   024  766  A  t h e r e   i s   d i s c l o s e d   a  
m a r i n e   p r o d u c t i o n   r i s e r   s y s t e m   in  w h i c h   a  r i g i d  

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

w a t e r   bed   to   n e a r   b u t   b e l o w   t h e   s u r f a c e   s u p p o r t s   a  f l o w  



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

t h e   w h o l e   l e n g t h   of  t h e   c o l u m n .   From  t h e   t o p  

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

f l e x i b l e   as  i t   p a s s e s   to   a  v e s s e l   f l o a t i n g   on  t h e  

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

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

i t   i s   u n a b l e   to   absorb  a n y t h i n g   m o r e   t h a n   v e r y  

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

of   any  s i z e   w o u l d   c a u s e   e x c e s s i v e   s t r e s s   a t   t h e  

r i g i d   c o n n e c t i o n   a t   t h e   w a t e r   b e d .   F u r t h e r m o r e ,  

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

i s   l i m i t e d   as  an  unduly  l o n g   r i g i d   c o l u m n   i s   d i f f i c u l t  

to   h a n d l e   d u r i n g   i n s t a l l a t i o n   ( a n d   s u b s e q u e n t  

r e m o v a l ) ,   and   i f   made  s l i m   t o   f a c i l i t a t e   s u c h  

h a n d l i n g   w o u l d ,   in   s i t u ,   be  s u b j e c t e d   t o   e x c e s s i v e  

d e f l e c t i o n s   and  s t r e s s e s   o v e r   i t s   l e n g t h .  

A c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n   t h e r e  

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

t r a n s f e r   of  f l u i d   to   or  f r o m   an  u n d e r   w a t e r   s i t e ,  

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

t o   be  i n s t a l l e d   so  as  to   e x t e n d   f r o m   t h e   w a t e r   bed   t o  

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

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

a r t i c u l a t e d   c o n n e c t i o n   to   t h e   w a t e r   bed   and  t h a t  

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

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

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

e a c h   s e c t i o n   b u t   can  a r t i c u l a t e   at   t h e   b a s e   of  t h e  

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

s e c t i o n s ;   and   a  s e c o n d ,   f l e x i b l e ,   f l o w   l i n e  

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

a r r a n g e m e n t ,   w h e r e   t h e   f i r s t   a r r a n g e m e n t   t e r m i n a t e s  

n e a r   t h e   s u r f a c e ,   so  as  t o   e x t e n d   t h e   f i r s t  

a r r a n g e m e n t .   Such   a  s y s t e m   can   be  i n s t a l l e d  

b e t w e e n   a  w a l l   h e a d ,   m a n i f o l d   or   o t h e r   c o n v e n i e n t  

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

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



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

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

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

b e t w e e n   t h e   r i g i d   s e c t i o n s ,   w i t h   t h e   o t h e r w i s e  

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

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

c o n n e c t i o n s ,   e n a b l e s   t h e   s y s t e m   as  a  w h o l e   to   c o p e  

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

a t   t h e   s u r f a c e   so  t h a t   t h e   s y s t e m   i s   s u i t a b l e  

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

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

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

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

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

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

good   a b i l i t y   to   a b s o r b   l a t e r a l   l o a d s   and  i m p a c t s .  

A l s o   as  t h i s   i s   a c h i e v e d   by  t h e   p r o v i s i o n   of   t h e  

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

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

i n s t a l l a t i o n   and  r e m o v a l .  

For   a  b e t t e r   u n d e r s t a n d i n g   of  t h e   i n v e n t i o n  

and   to   show  how  t h e   same  may  be  c a r r i e d   i n t o  

e f f e c t ,   r e f e r e n c e   w i l l   now  be  made ,   by  way  o f  

e x a m p l e ,   to   t h e   a c c o m p a n y i n g   d r a w i n g ,   in   w h i c h   t h e r e  

i s   i l l u s t r a t e d ,   in  F i g u r e   1,  a  f l o w   l i n e   s y s t e m  

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

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

F i g u r e   2  s h o w s   on  a  l a r g e r   s c a l e   t h e   d e t a i l  

r i n g e d   a t   I I   in  F i g u r e   1 .  

R e f e r r i n g   t o   t h e   d r a w i n g ,   t h e   s e m i -  

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

p o s i t i o n   o v e r   t h e   s e a   bed   w e l l   h e a d   2  w i t h   w o r k o v e r  

g u i d e l i n e s   3  e x t e n d i n g   b e t w e e n   t h e   p l a t f o r m   a n d  

t h e   w e l l   h e a d .   To  one  s i d e   of  t h e   p l a t f o r m   and  w e l l  

h e a d   t h e r e   i s   a  s e a   bed   a n c h o r a g e   s t r u c t u r e   4  t o  

w h i c h   i s   a n c h o r e d ,   by  an  a r t i c u l a t e d   c o n n e c t i o n   5 ,  

a  s e r i e s   of  b u o y e d   r i g i d   c o l u m n   s e c t i o n s   6.  T h e  



c o l u m n   s e c t i o n s   6  a r e   c o n n e c t e d   to   one  a n o t h e r   i n  

s e r i e s   a t   a r t i c u l a t e d   c o n n e c t i o n s   5A,  and  e a c h  

s e c t i o n  i n c o r p o r a t e s   a  b u o y   13  a t   i t s   u p p e r   e n d .  

The  a r t i c u l a t e d   c o n n e c t i o n s   can  be  of  any  s u i t a b l e  

c o n s t r u c t i o n   as  known  in  t h e   a r t   g i v i n g   f r e e d o m  

of  m o v e m e n t   a b o u t   two  m u t u a l l y   p e r p e n d i c u l a r   a x e s .  

The  c o l u m n   m a d e - u p   by  t h e   s e c t i o n s   6  r i g i d l y  

s u p p o r t s   b e t w e e n   t h e   c o n n e c t i o n s   5A  a  f i r s t   f l o w  

l i n e   a r r a n g e m e n t   7.  One  p a r t   of  t h i s   f i r s t   f l o w  

l i n e   a r r a n g e m e n t   7  i s   c o n n e c t e d   to   f l o w   l i n e s   8  

f r o m   t h e   w e l l   h e a d   2.  A n o t h e r   p a r t   i s   c o n n e c t e d   t o  

e x p o r t   f l o w   l i n e s   9.  At  e a c h   c o n n e c t i o n   5A  t h e r e  

i s   an  a r t i c u l a t e d   c o n n e c t i o n   12  in  t h e   f l o w   l i n e  

a r r a n g e m e n t   7  and   t h i s   a r r a n g e m e n t   can   a l s o   a r t i c u l a t e  

at   t h e   b a s e   of  t h e   c o l u m n .   Thus   t h e   f l o w   l i n e  

a r r a n g e m e n t   7  i s   r i g i d l y   s u p p o r t e d   by  t h e   b u o y e d  

c o l u m n   s e c t i o n s   6  b u t   can   a r t i c u l a t e   a t   t h e   b a s e  

of   t h e   c o l u m n   and   a t   t h e   c o n n e c t i o n s   b e t w e e n  

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

in  t h e   f l o w   l i n e   a r r a n g e m e n t   7  a r e   e f f e c t e d   b y  

f l e x i b l e   f l o w   l i n e   p o r t i o n s   12A  i n t e r c o n n e c t i n g   t h e  

o t h e r w i s e   r i g i d   r u n s   of  t h e   f l o w   l i n e .  

The  c o l u m n   t e r m i n a t e s   n e a r ,   b u t   b e l o w ,  

t h e   s u r f a c e   of   t h e   s e a ,   and  a t   t h i s   t e r m i n a t i o n  

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

r e l e a s a b l y   c o n n e c t e d   t o   a  s e c o n d ,   f l e x i b l e ,   f l o w  

l i n e   a r r a n g e m e n t   10.  T h i s   s e c o n d   f l o w   l i n e  

a r r a n g e m e n t   10  e x t e n d s   to   t h e   p r o d u c t i o n   p l a t f o r m   1 ,  

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

s u p p l y   t o ,   and  e x p o r t   f r o m ,   t h e   p r o d u c t i o n  

f a c i l i t i e s .  

The  s e m i - s u b m e r s i b l e   p l a t f o r m   1  can   be  h e l d  

on  s t a t i o n   by  a  c o n v e n t i o n a l   m o o r i n g   s y s t e m   o r  

by  an  a u t o m a t i c   j a c k   m o o r i n g   s y s t e m ,   t h e   i n c l u s i o n  

of  t h e   f l e x i b l e   f l o w   l i n e   a r r a n g e m e n t   a l l o w i n g  

m o v e m e n t   of  t h e   p l a t f o r m   to   t a k e   p l a c e   w i t h i n  

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



j a c k   m o o r i n g   s y s t e m   can  u t i l i s e   t h e   t o p   of  t h e  

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

p l a t f o r m .  

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

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

a l l o w a b l e   r a n g e ,   or  s h o u l d   i t   be  d e s i r e d   to   m o v e  

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

w e l l   h e a d   and  e x p o r t   f a c i l i t i e s   i s ' f a c i l i t a t e d  

by  t h e   p r o v i s i o n   of   t h e   r e l e a s a b l e   c o n n e c t i o n s  

at   t h e   p l a t f o r m   and  a t   t h e   t o p   of  t h e   c o l u m n .   T h e  

l a t t e r   c o n n e c t i o n   i s   n e a r   t h e   s u r f a c e   and  can   b e  

of  a  fo rm  n o t   r e q u i r i n g   o p e r a t i o n   by  a  d i v e r .  

I t   i s   to   be  n o t e d   h e r e   t h a t   n o t   o n l y   i s   i t  

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

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

b u t   a l s o   by  so  p o s i t i o n i n g   t h e   c o n n e c t i o n   t h e  

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

k e p t   to   a  m i n i m u m .   A  f l e x i b l e   f l o w   l i n e   a r r a n g e m e n t  
i s   r e q u i r e d   t o   a c c o m m o d a t e   m o t i o n   of  t h e   f l o a t i n g  

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

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

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

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

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

f r o m   t h e   w e l l   h e a d .   On  t h e   o t h e r   h a n d ,   by  h a v i n g  

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

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

l e v e l ,   a d v e r s e   e f f e c t s   of  wave   a c t i o n ,   l a t e r a l  

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

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

P r e f e r a b l y   a t   l e a s t   t h e   c o n n e c t i o n   5  a t  

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

f l o w   l i n e   c o n n e c t i o n s   to   t h e   f l o w   l i n e s   8  and   9 ,  
b u t   in  t h e   s y s t e m   shown  a l l   t h e   c o n n e c t i o n s   5A  a n d  

12  a r e   r e l e a s a b l e   as  w e l l .  



In  t h e   i l l u s t r a t e d   f o r m ,   t h e   f l e x i b l e  

f l o w   l i n e   a r r a n g e m e n t   10  i s   p r o v i d e d   w i t h   b u o y a n c y  

11  t o   c u s h i o n   t h e   m o v e m e n t   of  t h e   f l e x i b l e   f l o w  

l i n e ,   e s p e c i a l l y   when  i t   i s   d i s c o n n e c t e d   in  a n  

e m e r g e n c y .   The  f l e x i b l e   f l o w   l i n e   a r r a n g e m e n t   10 

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

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

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

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

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

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

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

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

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

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

of  t h e   p l a t f o r m   f r e e   f o r   w o r k i n g   o v e r   t h e   w e l l  

h e a d .   W o r k o v e r   r e l a t i v e   to   t h e   f l o w   l i n e   a r r a n g e m e n t s  

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

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

I t   may  n o t   a l w a y s   be  n e c e s s a r y   t o  

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

a r r a n g e m e n t   10.   A l s o   t h e   f l e x i b l e   f l o w   l i n e   a r r a n g e m e n t  
10  n e e d   n o t   n e c e s s a r i l y   be  c o n n e c t e d   to   f l o a t i n g  

f a c i l i t i e s ,   and  t h e   f a c i l i t i e s   to   w h i c h   i t   i s  

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

The  b u o y a n c y   f o r   t h e   c o l u m n   s e c t i o n s   6  

can   be  b u i l t - i n   a l o n g   t h e   l e n g t h   of  e a c h   s e c t i o n ,  

r a t h e r   t h a n   p r o v i d e d   by  t h e   b u o y s   1 3 .  



1.  A  f l o w   l i n e   s y s t e m   f o r   u s e   in   t h e  

t r a n s f e r   of   f l u i d   t o   or   f r o m   an  u n d e r   w a t e r   s i t e ,  

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

( 7 , 1 2 )   to   be  i n s t a l l e d   so  as  to   e x t e n d   f r o m   t h e  

w a t e r   bed   to   n e a r ,   b u t   b e l o w ,   t h e   s u r f a c e ,   a n d  

in  f l e x i b l e   m a n n e r   f r o m   t h e   t e r m i n a t i o n   of  t h e  

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

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

to   t h e   w a t e r   bed   and  c o n s i s t s   of  r i g i d   s e c t i o n s  

(6)   t h a t   a r e   c o n n e c t e d   in   s e r i e s   a t   a r t i c u l a t e d  

c o n n e c t i o n s   (5A)  so  t h a t   a  f i r s t   p a r t   (7 )   o f  

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

e a c h   s e c t i o n   (6 )   b u t   can   a r t i c u l a t e   a t   t h e   b a s e  

of   t h e   c o l u m n   and  a t   t h e   c o n n e c t i o n s   b e t w e e n   t h e  

r i g i d   s e c t i o n s   ( 6 ) ;   and  in  t h a t   a  s e c o n d   p a r t  

( 1 2 )   of  t h e   f l o w   l i n e   a r r a n g e m e n t ,   w h i c h   i s   f l e x i b l e ,  

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

so  as  to   e x t e n d   t h e   f i r s t   p a r t .  

2.  A  f l o w   l i n e   s y s t e m   as  c l a i m e d   in  c l a i m  

1,  w h e r e i n   t h e   f i r s t   p a r t   (7).   of  t h e   f l o w   l i n e  

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

by  c o r r e s p o n d i n g   r i g i d   c o l u m n   s e c t i o n s   ( 6 ) ,   a n d  

a r t i c u l a t e d   c o n n e c t i o n s   ( 1 2 )   b e t w e e n   t h e s e   r u n s  

and   c o r r e s p o n d i n g   to   t h e   a r t i c u l a t e d   c o n n e c t i o n s   ( 5 A )  

b e t w e e n   t h e   r i g i d   c o l u m n   s e c t i o n s   ( 6 ) .  

3.  A  f l o w   l i n e   s y s t e m   as  c l a i m e d   i n  

c l a i m   1  or   2,  w h e r e i n   t h e   a r t i c u l a t e d   c o n n e c t i o n  

(5)   of   t h e   c o l u m n   to   t h e   w a t e r   bed   i s   r e l e a s a b l e ,  
and  w h e r e i n   t h e   f i r s t   p a r t   (7)   of  t h e   f l o w   l i n e  

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

b e d ,   t o   f l u i d   f l o w   l i n e s   ( 8 , 9 ) .  

4.  A  flow  l i n e   s y s t e m  a s   c l a imed   in  c la im  2  or  c l a i m s  
2  and  3 ,   w h e r e i n   e a c h   a r t i c u l a t e d   c o n n e c t i o n   ( 5 A ) ,   ( 1 2 )  

b e t w e e n   c o l u m n   s e c t i o n s   (6)   and  t h e   r u n s   of  t h e  

f i r s t   p a r t   (7)   of  t h e   a r r a n g e m e n t   i s   r e l e a s a b l e .  
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