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SYNOPSIS
There is an increasing demand for more than one pipe along the same route fo r  oil, gas, pow er and 
communications which fo r  convenience can be installed in a common bundle. A multicore pipeline is 
economically and technically superior to a series o f  individual lines. The design o f  multicore pipelines has 
a number o f  unusual aspects such as buckling, bending, thermal expansion and insulation, installation and 
repair. The authors discuss the advantages and disadvantages o f  the various construction methods in 
relation to design.

INTRODUCTION

I n  m a n y  s u b s e a  s y s t e m s , m o r e  t h a n  o n e  p ip e l in e  f o llo w s  th e  
s a m e  p a t h . F o r  in s t a n c e ,  a  p ip e l in e  c a r r y in g  g a s  f r o m  p la t f o r m  

A  to  p la t f o r m  B  m ig h t  b e  a c c o m p a n ie d  b y  a  s e c o n d  l in e  
c a r r y in g  in je c t io n  w a t e r  f r o m  B  to  A ,  s e p a r a t e d  c o n d e n s a t e ,  
o i l .  o r  m e t h a n o l f o r  h y d r a t e  s u p p r e s s io n .

A  l in e  f r o m  a r e m o t e  w e llh e a d  m ig h t  b e  a c c o m p a n ie d  b y  
h y d r a u l ic  c o n t r o l  l in e s ,  b y  m e t h a n o l in je c t io n ,  o r  b y  a  s e c o n d  
l in e  to  f a c il it a t e  p ig g in g .  S o m e  o f  th e  l in e s  m ig h t  b e  t h e r m a l ly  

in s u la t e d ,  a n d  s o m e  m ig h t  b e  h e a t -t r a c e d  o r  c o ld -t r a c e d .
P a r a l le l  to  t h e m , t h e r e  m ig h t  b e  p o w e r  c a b le s ,  o r  e le c t r ic  

c a b le s ,  f ib r e -o p t ic  c a b le s  o r  w a v e g u id e s  f o r  c o n t r o l  s ig n a ls  o r  
d a t a  t r a n s m is s io n .  A s  th e  s o p h is t ic a t io n  o f  s u b s e a  s y s t e m s  
in c r e a s e s ,  s o  d o e s  th e  r a n g e  o f  p o s s ib i l i t ie s .

S o m e t im e s  t h e  c o r r e c t  d e s ig n  s o lu t io n  is  to  in s t a ll  a l l  th e  

p ip e l in e s  a n d  c a b le s  s e p a r a t e ly .  M o r e  o f t e n ,  h o w e v e r ,  th e re  
a r e  c o m p e l l in g  t e c h n ic a l  a n d  e c o n o m ic  a r g u m e n t s  f o r  c o n ­

s t r u c t in g  t h e m  t o g e t h e r  a s  a  c o n t in u o u s  b u n d le .
I n  t h is  p a p e r  w e  e x a m in e  th e  t e c h n ic a l  a n d  e c o n o m ic  f a c t o r s  

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

DESIGN

O n e  a p p r o a c h  is  to  d e s ig n  e a c h  in d iv id u a l  p ip e l in e  s e p a ­
r a t e ly  a n d  t h e n  to  c o n s t r u c t  t h e m  a s  a n  o p e n  b u n d le ,  b y  
s t r a p p in g  t h e m  t o g e t h e r ,  p e r h a p s  w it h  s p a c e r s  [ F ig .  1 ( a ) ] .  A n  
in s t a n c e  is  th e  5 2 0 0  m  C o b ia  to  H a l ib u t  p ip e l in e  in  th e  B a s s  
S t r a it ,  w h ic h  c o n s is t s  o f  a  4 in  ( 1 1 4  m m )  fu e l g a s  l in e ,  s t r a p p e d  
to  a  1 2 . 7 5  in  ( 3 2 4  m m )  o i l  l i n e .1 B o t h  l in e s  h a d  p o ly e t h y le n e  

c o a t in g s ,  t h e  1 0 . 7 5  in  l in e  u n d e r  a  c o n c r e t e  w e ig h t  c o a t in g .
T h e s e  l in e s  w e r e  in s t a lle d  b y  b o t t o m  t o w , b u t  t h e  s a m e  

t e c h n iq u e  c a n  b e  u s e d  f o r  l in e s  la id  f r o m  b a r g e s  o r  r e e ls h ip s .

W h e n  tw o  o r  m o r e  l in e s  a r e  t ie d  t o g e t h e r  in  t h is  w a y ,  th e  
s t r a p p in g  s y s t e m  m u s t  b e  a b le  to  r e s is t  t h e  f o r c e s  in d u c e d  
d u r in g  in s t a l la t io n .  I f  th e  b u n d le  is  b e n t  s e v e r e ly ,  th e s e  f o r c e s  
a r e  o fte n  la r g e .  T h e  e n g in e e r  m u s t  d e c id e  w h e t h e r  th e  s t r a p ­
p in g  is  in t e n d e d  to  b e  p e r m a n e n t ,  r e m a in in g  in  p la c e  t h r o u g h  

th e  o p e r a t in g  l if e  o f  th e  p ip e l in e ,  o r  w h e t h e r  it  c a n  b e  a l lo w e d  
to  c o r r o d e ,  o n c e  th e  l in e  is  in  p la c e .

I f  th e  s t r a p p in g  is  p e r m a n e n t ,  th e  tw o  l in e s  c a n  b e  d e s ig n e d  
so  t h a t  t h e ir  w e ig h t  t o g e t h e r  is  e n o u g h  to  s t a b il iz e  th e  b u n d le  

a g a in s t  h y d r o d y n a m ic  f o r c e s ,  b u t  t h e  s t r a p p in g  n e e d s  to  b e  
c a t h o d ic a l ly  p r o t e c t e d  a n d  t h a t  is  a w k w a r d  a n d  c o s t ly .  I f  th e  
s t r a p p in g  is  a l lo w e d  to  c o r r o d e ,  th e  l in e s  m u s t  b e  s t a b le ,  b o t h  
a s  a  b u n d le  in  th e  s h o r t  t e r m ,  a n d  s e p a r a t e ly  in  th e  lo n g  t e r m .

I f  t h e  t w o  l in e s  h a v e  d if f e r e n t  o p e r a t in g  p r e s s u r e s  a n d  
t e m p e r a t u r e s ,  r e la t iv e  t h e r m a l  e x p a n s io n  n e e d s  to  b e  in v e s t i ­

g a t e d ,  s in c e  th e  h o t t e r  l in e  c a n  le s s  r e a d i ly  r e l ie v e  e x p a n s io n  b y  
s n a k in g  t h a n  it  c o u ld  o n  it s  o w n . I n  p r a c t ic e ,  a  m o d e s t  a n d  
a c c e p t a b le  a m o u n t  o f  s n a k in g  b e t w e e n  s t r a p s  r e l ie v e s  l o n g i­
t u d in a l  e x p a n s io n  s t re s s e s . L a t e r a l  in s t a b i l it y  is  n o t  a  p r o b le m  

e x c e p t  in  u n u s u a lly  h o t  l in e s .  R e la t iv e  e x p a n s io n  a t  e n d  c o n ­
n e c t io n s  d o e s  n e e d  to  b e  e x a m in e d  t h o r o u g h ly ,  a s  it d o e s  f o r  
s in g le  l in e s ,  s in c e  c o n s t r a in e d  l in e s  c a n  e x e r t  v e r y  la r g e  fo r c e s .

Cased bundle

A s  a n  a lt e r n a t iv e  to  a n  o p e n  b u n d le ,  t h e  c o m p o n e n t s  c a n  b e  
c o n s t r u c t e d  t o g e t h e r  in  a  c a r r ie r  p ip e ,  a s  a  c a s e d  b u n d le  [ F ig .  

1 ( b ) ] .  T h is  is  o ft e n  a  b e t t e r  c h o ic e ,  e s p e c ia l ly  i f  th e  b u n d le  is  
c o m p le x .  T h e  a d v a n t a g e s  o f  a  c a s e d  b u n d le  a r e  l is t e d  b e lo w .

Corrosion protection
I n  a n  o p e n  b u n d le ,  e a c h  l in e  is  e x p o s e d  to  t h e  s e a  a n d  m u s t  

b e  in d i v id u a l l y  p r o t e c t e d  a g a in s t  c o r r o s io n ;  a n d  th e  a n t i - c o r r o ­
s io n  c o a t in g  h a s  in  t u r n  to  b e  p r o t e c t e d  a g a in s t  m e c h a n ic a l  
d a m a g e  b y  c o n c r e t e  o r  b y  a  b a r r ie r  c o a t in g .  I n  a  c a s e d  b u n d le ,  

o n  th e  o t h e r  h a n d ,  t h e  c a r r ie r  p ip e  c a n  b e  le f t  f i l le d  w it h  a ir .  o r  
w it h  a n  in e r t  g a s  s u c h  a s  n it r o g e n .  T h e  l in e s  in s id e  t h e  c a r r ie r  

t h e n  n e e d  o n ly  a m in im a l  a n t i - c o r r o s io n  c o a t in g ,  o r  p e r h a p s  n o  
c o a t in g  a t  a l l .

T h e  a n t i - c o r r o s io n  c o a t in g  o n  th e  in t e r n a l  l in e s  n e e d s  n o  
r e s is t a n c e  to  m e c h a n ic a l  d a m a g e ,  e x c e p t  d u r in g  f a b r ic a t io n  o f  
t h e  b u n d le .

A lt e r n a t iv e ly ,  th e  c a r r ie r  c a n  b e  f i l le d  w it h  w a t e r  ( t o  w h ic h  
c o r r o s io n  in h ib it o r s  a n d  o x y g e n  s c a v e n g e r s  h a v e  b e e n  a d d e d ) ,  
w it h  o i l ,  w it h  t h e r m a l in s u la t io n  o r  w it h  a  h e a v y  f lu id  s u c h  a s 

d r i l l in g  m u d .  I n  e a c h  in s t a n c e ,  a n t i - c o r r o s io n  r e q u ir e m e n t s  fo r  
t h e  in t e r n a l  l in e s  a r e  u n d e m a n d in g .

T h e  c a r r ie r  p ip e  f o r  a  c a s e d  b u n d le  w il l  r e q u ir e  c o r r o s io n  
p r o t e c t io n  b u t  th e  r e q u ir e m e n t  is  le s s  c r i t ic a l  t h a n  f o r  th e

2 Trans IM arE (TM ). Vol. 97. Paper 20



in d i v id u a l  l in e s .  I n  s e r v ic e ,  t h e  c a r r ie r  p r o t e c t s  t h e  in t e r n a l  
l in e s  a g a in s t  m e c h a n ic a l  d a m a g e  b u t  d o e s  n o t  u s u a lly  h a v e  to  
c a r r y  a  la r g e  p r e s s u r e  d if f e r e n t ia l .  A l t h o u g h  it  is  g o o d  p r a c t ic e  
to  d e s ig n  t h e  c a r r ie r ’s c o r r o s io n  p r o t e c t io n  s y s t e m  so  a s  to  

p r o t e c t  it  t h r o u g h o u t  t h e  o p e r a t in g  l if e  o f  t h e  s y s t e m , c o r r o s io n  
d a m a g e  to  th e  c a r r ie r  w o u ld  n o t t h r e a t e n  th e  o v e r a l l  s e c u r e  
o p e r a t io n  o f  th e  in t e r n a l  l in e s .

Mechanical protection
S m a l l - d ia m e t e r  p ip e l in e s  a r e  s u b je c t  to  im p a c t  d a m a g e  f r o m  

f is h in g  g e a r  a n d  c a n  b e  h o o k e d  b y  t r a w l b o a r d s  a n d  b e a m  

t r a w ls .  T h e y  c a n  a ls o  b e  d a m a g e d  b y  c a b le s  d r a g g in g  a c r o s s  th e  
b o t t o m  d u r in g  c o n s t r u c t io n  o p e r a t io n s .  P r o p e r ly  d e s ig n e d  
la r g e -d ia m e t e r  l in e s ,  o n  t h e  o t h e r  h a n d ,  a r e  le s s  s u b je c t  to  s u c h  
d a m a g e ,  a n d  it  is  g e n e r a l ly  a c c e p t e d  t h a t  l in e s  m o r e  t h a n  1 6  in  

( 4 0 6 .4  m m )  in  d ia m e t e r  d o  n o t  n e e d  to  b e  t r e n c h e d  f o r  
p r o t e c t io n  a g a in s t  f is h in g ;  a lt h o u g h  it m a y  b e  d e s ir a b le  to  
t r e n c h  t h e m  f o r  o t h e r  r e a s o n s .

I t  f o llo w s  t h a t  it  w il l  o f t e n  b e  u n n e c e s s a r y  to  t r e n c h  a  c a s e d  

b u n d le ,  b e c a u s e  o f  t h e  p r o t e c t io n  g iv e n  b y  t h e  c a r r ie r ,  w h e r e a s  
it  w o u ld  b e  n e c e s s a r y  to  t r e n c h  t h e  in d i v id u a l  l in e s .  T h i s  c a n  b e  

a  m a j o r  e c o n o m y .

Thermal insulation
T h e r m a l  in s u la t io n  is  o f t e n  d e s ir a b le ,  to  m a in t a in  th e  t e m ­

p e r a t u r e  o f  w a x y  c r u d e , to  r e d u c e  t h e  v is c o s it y  a n d  in c r e a s e  th e  
h y d r a u l ic  e f f ic ie n c y  o f  o i l  f lo w , to  p r e v e n t  ic e  f o r m a t io n  o n  th e  

p ip e l in e  d u e  to  J o u l e - T h o m s o n  c o o l in g  in  g a s,2 a n d  to  s t o p  

h y d r a t e  f o r m a t io n .  I n s u la t io n  t e c h n o lo g y  is  a d v a n c in g  r a p id ly .  
S o m e  m a t e r ia ls  h a v e  c lo s e d  c e l ls ,  im p e r m e a b le  to  w a t e r  a n d  

s t r o n g  e n o u g h  m e c h a n ia l ly  to  r e s is t  e x t e r n a l  p r e s s u r e  a n d  
m e c h a n ic a l  d a m a g e  d u r in g  in s t a l l a t io n , b u t  t h e s e  m a t e r ia ls  a r e  

r e la t iv e ly  e x p e n s iv e .
T h e  in s u la t io n  o n  in t e r n a l  l in e s  in  a  c a s e d  b u n d le  n e e d s  

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

c a l ,  o p e n - c e l l  f o a m .

Heat tracing
E x c e p t  o v e r  v e r y  s h o r t  d is t a n c e s ,  h e a t  t r a c in g  is  g e n e r a l ly  

e le c t r ic a l .  It  is  p l a in ly  e a s ie r  to  c o n s t r u c t  a n  e f f ic ie n t  h e a t  

t r a c in g  s y s t e m  in  a  d r y  e n v ir o n m e n t  w it h in  a  c a r r ie r .  T h i s  
a p p l ie s  e q u a l ly  to  c o n v e n t io n a l  r e s is t a n c e  h e a t  t r a c in g  a n d  to  
s k in -e f f e c t  c u r r e n t  t r a c in g  ( S E C T ) .

S E C T  w a s  f irs t  u s e d  o f f s h o r e  in  a n  A r c t ic  f lo w lin e  s y s t e m , 

d e s c r ib e d  la t e r  in  t h is  p a p e r .  A  s m a l l - d ia m e t e r  s t e e l t u b e  is  
w e ld e d  to  th e  p ip e l in e .  T h r o u g h  it p a s s e s  a  c a b le  c a r r y in g  a n  
a lt e r n a t in g  c u r r e n t ,  c o n n e c t e d  to  t h e  t u b e  a t  th e  e n d  r e m o t e  
f r o m  th e  p o w e r  s u p p ly .  E le c t r o m a g n e t ic  in d u c t io n  m o d if ie s  

th e  c u r r e n t  d e n s it y  d is t r ib u t io n  in  t h e  t u b e  a n d  c o n c e n t r a t e s  it  
in  a  t h in  s u r f a c e  la y e r .  H e a t  is  g e n e r a t e d  in  t h a t  l a y e r ,  a n d  is  

c o n d u c t e d  to  t h e  p ip e l in e .

Differential expansion
D e s ig n  o f  a  c a s e d  b u n d le  is  in  s o m e  w a y s  s im p le r  t h a n  th a t  o f  

in d iv id u a l  l in e s ,  b e c a u s e  t h e  f u n c t io n s  a r e  to  s o m e  e x t e n t  
d e c o u p le d .  T h e  c a r r ie r  w it h s t a n d s  e x t e r n a l  p r e s s u r e  a n d  
im p a c t  d u r in g  c o n s t r u c t io n  a n d  o p e r a t io n ,  a n d  h a s  a n  e x t e r n a l  
c o a t in g  w h ic h  p r o t e c t s  it  a g a in s t  c o r r o s io n .  I t  m a y  a ls o  in c r e a s e

it s  w e ig h t  to  s t a b il is e  it  o n  t h e  s e a  b e d . T h e  in t e r n a l  l in e s  m u s t  
r e s is t  in t e r n a l  p r e s s u r e  a n d  w it h s t a n d  in t e r n a l  c o r r o s io n  f r o m  
t h e  c o n t e n t s .  C a b l e s  a r e  s u b je c t  to  t h e  u s u a l  e le c t r ic a l  r e q u ir e ­
m e n t s  a n d  m u s t  n o t  o v e r h e a t .

W h a t e v e r  s p a c e r  s y s t e m  is  u s e d  to  s u p p o r t  th e  in t e r n a l  l in e s  
w it h in  t h e  c a r r ie r  m u s t  b e  c o m p a t ib le  w it h  t h e  f a b r ic a t io n  
t e c h n iq u e .  T h e  d e s ig n  m u s t  a l lo w  f o r  d if f e r e n t ia l  t h e r m a l  a n d  

p r e s s u r e - in d u c e d  e x p a n s io n  b e t w e e n  in d i v id u a l  in t e r n a l  l in e s  
a n d  b e t w e e n  th e  in t e r n a ls  a n d  t h e  c a r r ie r .  T h i s  c a n  b e  a  s e r io u s  
d e s ig n  p r o b le m  b u t  it  is  a n  a d v a n t a g e  o f  a  c a s e d  b u n d le  t h a t  th e  
c a r r ie r  c a n  r e s is t  t h e  e x p a n s io n  o f  t h e  in t e r n a l  l in e s ,  i f  t h e y  a r e  
a n c h o r e d  t o g e t h e r .

A  d e s ig n e r  c a n  t a k e  f u r t h e r  a d v a n t a g e s  o f  t h e  c a r r ie r  b y  
p r e t e n s io n in g  th e  in t e r n a l  l in e s  a g a in s t  th e  c a r r ie r  in  c o m ­
p r e s s io n .

T h e  b u n d le  a s  a w h o le  m u s t  h a v e  a  s u b m e r g e d  w e ig h t  la r g e  

e n o u g h  f o r  s t a b i l i t y  a n d  s m a ll  e n o u g h  to  b e  c o m p a t ib le  w it h  
th e  in s t a l la t io n  m e t h o d .  S o m e  in s t a l la t io n  m e t h o d s  a l lo w  o n ly  

a  n a r r o w  t o le r a n c e  o n  s u b m e r g e d  w e ig h t  a n d  t h is  c a n  b e  
d if f ic u lt  to  a c h ie v e ,  p a r t ic u l a r l y  a s  t h e  w e ig h t  t o le r a n c e s  o n  th e  

b u n d le  c o m p o n e n t s  t e n d  to  a c c u m u la t e .
T a b l e  I  l is t s  e x a m p le s  o f  s u b m a r in e  p ip e l in e  b u n d le s .

FABRICATIO N AND INSTALLATIO N  

Laybarge method

M o s t  s u b m a r in e  p ip e l in e s  a r e  c o n s t r u c t e d  b y  th e  la y b a r g e  
m e t h o d .  L e n g t h s  o f  p ip e  a r e  b r o u g h t  to  a n  a n c h o r e d  b a r g e  a n d  

w e ld e d  to  t h e  e n d  o f  t h e  p r e v io u s ly  c o m p le t e d  s e c t io n  o f  th e  
l in e ,  o n  a r a m p  e x t e n d in g  th e  le n g t h  o f  th e  b a r g e .  A s  t h e  b a r g e  
a d v a n c e s  o n  it s  a n c h o r s ,  o n e  p ip e  le n g t h  a t  a  t im e ,  th e  p ip e l in e  
le a v e s  t h e  b a r g e  o v e r  th e  s t e r n . I t  r u n s  o v e r  a f lo a t in g  p o n t o o n  
( ‘s t in g e r ’) ,  a n d  is  lo w e r e d  to  t h e  b o t t o m  in  a  lo n g  s u s p e n d e d  
c u r v e ,  t o u c h in g  d o w n  s o m e  d is t a n c e  b e h in d  th e  b a r g e .  E x c e p t  

in  s h a llo w  w a t e r ,  th e  c u r v a t u r e  in  t h e  s u s p e n d e d  s p a n  is  
c o n t r o l le d  b y  a  t e n s io n e r .

I n  g e n e r a l ,  th e  la y b a r g e  m e t h o d  is  n o t  w e ll  s u it e d  to  b u n d le s .  
I t  c a n  b e  a p p l ie d  i f  a  s m a l l - d ia m e t e r  l in e  is  to  b e  s t r a p p e d  

( ‘p ig g y - b a c k e d ’ ) to  a la r g e  l in e ,  b y  c o n s t r u c t in g  t h e  s m a ll  l in e  
in  o n e  le n g t h ,  w in d in g  it  o n t o  a  r e e l,  u n w in d in g  it  a lo n g  a  

p a r a l le l  r a m p ,  a n d  s t r a p p in g  it  a f t e r  t h e  la r g e r  l in e  h a s  p a s s e d  

t h r o u g h  th e  t e n s io n e r .
A t  th e  c o s t  o f  m o d if ic a t io n s  to  th e  la y b a r g e ,  it  c o u ld  a ls o  b e  

u s e d  to  la y  tw o  l in e s  o f  e q u a l  s iz e ,  b y  w e ld in g  jo in t s  o n  tw o  
p a r a l le l  r a m p s  a n d  b r in g in g  t h e m  t o g e t h e r  a f t e r  a  m o d if ie d  
t e n s io n e r  s y s t e m . M o r e  c o m p le x  b u n d le s  w o u ld  d e la y  th e  
la y in g  p r o c e s s  b e c a u s e  o f  th e  n u m b e r  o f  w e ld in g  o p e r a t io n s  
n e c e s s a r y  a n d  th e  im p o s s ib i l it y  o f  c o n d u c t in g  t h e m  a l l  s im u l ­

t a n e o u s ly .

Reelbarge method

S o m e  p ip e l in e s  a r e  la id  f r o m  r e e l s . ' R e e lb a r g e  c o n s t r u c t io n  
is  g e n e r a l ly  a  m e t h o d  f o r  s in g le  l in e s  a n d  c a n  b e  r a p id  a n d  
e c o n o m ic a l .  S m a ll  l in e s  c a n  a g a in  b e  p ig g y -b a c k e d  f r o m  a n  
a u x i l ia r y  r e e l,  a n d  s t r a p p e d  o n  a f t e r  th e  s t r a ig h t e n e r .

Table I: Exam ples o f subm arine  p ipe line  bundles

Field
Lenqth

(m)

Open (O) 
pr

closed (C)

Outside
diameter

of
carrier
(mm)

Number
of

lines

Diameter
of

largest
line

(mm)

M aximum
depth

(m)
Installation

method Reference

Drake 1200 C 457 7 168.3 55 Bottom pull 9

Cobia 5200 O 2 324 80 Bottom tow 1

Murchison 1970 C 324 4 88.9 155 Mid-depth tow 6

Cormorant 3350 C 660 1 219 155 Mid-depth tow 7

Gulf test 610 C 324 10 88.9 100 Surface tow 8
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bottom pull

bottom tow

o ff-bo ttom  tow

m id-depth tow

surface tow

FIG. 2: D iffe ren t to w in g  m ethods

Tow and pull

It  is  a lm o s t  a lw a y s  b e t t e r  to  s e p a r a t e  t h e  o p e r a t io n s  o f  
f a b r ic a t in g  th e  b u n d le  a n d  in s t a l l in g  it  in  p la c e .  T o w  a n d  p u ll  
c o n s t r u c t io n  t e c h n iq u e s  d o  t h is ,  a n d  le n d  t h e m s e lv e s  p a r t ic u ­
la r ly  w e ll  to  t h e  c o n s t r u c t io n  o f  b u n d le s  o f  a n y  d e g re e  o f  

c o m p le x it y .  T h e  b u n d le  is  f irs t  f a b r ic a t e d  o n s h o r e  in  th e  s t a b le ,  
a n d  e s s e n t ia lly  w e a t h e r - in d e p e n d e n t ,  c ir c u m s t a n c e s  o f  a n  
o n s h o r e  f a b r ic a t io n  s it e .

T h e  in d iv id u a l  l in e s  a n d  t h e  c o m p le t e  b u n d le  c a n  t h e n  b e  

in s p e c t e d  m in u t e ly ,  th e  t h e r m a l a n d  e le c t r ic a l  in s u la t io n  c a n  
b e  c h e c k e d ,  a n d  th e  w h o le  l in e  c a n  b e  h y d r o t e s t e d .  T h e  b u n d le  
is  t h e n  to w e d  o r  p u l le d  to  it s  f in a l  p o s it io n  a n d  c o n n e c t e d  in  
p la c e .

A  m a j o r  a d v a n t a g e  o f  t h is  s c h e m e  is  t h a t  th e  m a k e -u p  
o p e r a t io n s  a n d  te s ts  c a n  b e  c a r r ie d  o u t  u n h u r r ie d ly ,  in  f a c t o r y  

c o n d it io n s .  M a k e - u p  is  d e c o u p le d  f r o m  o f f s h o r e  in s t a l la t io n .  
T h e  to w  is  c o m p le t e d  in  a  r e la ­
t iv e ly  s h o r t  t im e , o f t e n  n o  m o r e  
t h a n  a  d a y  o r  t w o , a n d  c a n  b e  
p la n n e d  s o  a s  n o t  to  c o n f lic t  
w it h  o t h e r  o p e r a t io n s  o f f s h o r e .
T h e  e x p e r ie n c e  a n d  r e s o u r c e s  
o f  la n d  p ip e l in e  c o n t r a c t o r s  c a n  
b e  b r o u g h t  to  b e a r  a n d  t h is  
h e lp s  to  g e n e r a t e  c o m p e t it iv e ­
n e s s  a n d  in c r e a s e  lo c a l  w o r k  
c o n t e n t .

Bottom pu ll
T h e r e  a r e  s e v e r a l  d is t in c t  

m o d e s  o f  to w  a n d  p u l l .  O n e  
m e t h o d  is  to  p u l l  th e  l in e  f r o m  
a n  a n c h o r e d  b a r g e  o r  f r o m  
f ix e d  w in c h e s  o n  a n  o p p o s it e  
s h o r e  [ F ig .  2 ( a ) ] ,  L e n g t h s  o f  u p

to  3 0  k m  h a v e  b e e n  in s t a lle d  b y  t h is  m e t h o d ,  w h ic h  is  o fte n  
u s e d  f o r  r iv e r  a n d  e s t u a r y  c r o s s in g s  a n d  f o r  lo a d in g  l in e s .

A  m o r e  f le x ib le  a lt e r n a t iv e ,  a n d  o n e  m o r e  s u it a b le  f o r  
p ip e l in e s  a t  s o m e  d is t a n c e  f r o m  s h o r e ,  is  to  t o w  t h e  p ip e l in e  

f r o m  th e  m a k e - u p  s it e  to  it s  f in a l  lo c a t io n .  A  n u m b e r  o f  la r g e  
tu g s  h a v e  b o l la r d  p u l ls  o f  1 . 8  M N  o r  m o r e :  t a k in g  a  t y p ic a l  
s u b m e r g e d  w e ig h t  o f  3 0 0  N /m  ( 3 0  k g f /m .  2 0  lb f / f t ) ,  a n d  s u p p o s ­
in g  th e  p ip e l in e  is  to  b e  p u l le d  a lo n g  t h e  b o t t o m  w it h  a  
c o n s e r v a t iv e  lo n g it u d in a l  s t a r t in g  f r ic t io n  f a c t o r  o f  1, a  s in g le  
t u g  c a n  t h e n  p u l l  a  6 0 0 0  m  lo n g  b u n d le .

T h e r e  is  a n  e x t e n s iv e  r e q u ir e m e n t  f o r  b u n d le s  o f  t h is  le n g t h  
o r  le s s ,  w h ic h  a re  t y p ic a l  o f  N o r t h  S e a  d e v e lo p m e n t  s c h e m e s  

b a s e d  o n  o n e  o r  tw o  p la t f o r m s  a n d  b u n d le d  c o n n e c t io n s  to  
re m o t e  s u b s e a  w e lls .  A s  d e v e lo p m e n t  m o v e s  in t o  d e e p e r  

w a t e r ,  m o r e  a n d  m o r e  s c h e m e s  a r e  o f  t h is  t y p e ,  b e c a u s e  o f  th e  
h ig h  c o s ts  o f  d e e p -w a t e r  p la t f o r m s .  A n  e x a m p le  is  t h e  p la n n e d  
d e v e lo p m e n t  o f  th e  e x t e n s iv e  T r o l l  f ie ld  in  m o r e  t h a n  3 0 0  m  o f  

w a t e r .

Bottom tow
T h e  m o d e r n  d e v e lo p m e n t  o f  b o t t o m  to w  [ F ig .  2 ( b ) ]  s p r in g s  

f r o m  a  to w  te st in  1 9 7 5 ,  w h e n  a  6 1 0  m  le n g t h  o f  p ip e  w a s  m a d e  
u p  a t  T a n a n g e r ,  N o r w a y ,  t o w e d  t h r o u g h  th e  N o r w e g ia n  
t r e n c h ,  a c r o s s  th e  p la t e a u  o n  th e  w e s t e r n  s id e ,  t h r o u g h  th e  
t r e n c h  a  s e c o n d  t im e ,  a n d  b a c k  to  T a n a n g e r ,  a f t e r  c o v e r in g  4 5 0  
k m  in  a l l.

T h e  te st c o n f ir m e d  t h a t  t h e  p ip e l in e  c o u ld  b e  t o w e d  w it h o u t  
d a m a g e  a n d  t h a t  it  c o u ld  b e  a c c u r a t e ly  p o s it io n e d .  A  n u m b e r  
o f  p a p e r s 1-4” d e s c r ib e  th e  t e c h n iq u e  in  m o r e  d e t a i l .  I t  h a s  
m a jo r  a d v a n t a g e s  o f  s e c u r it y  a n d  w e a t h e r - in d e p e n d e n c e :  th e  
p ip e l in e  is  a lw a y s  c o n t in u o u s ly  in  c o n t a c t  w it h  th e  b o t t o m , a n d  

i f  th e  s e a -s t a t e  w o r s e n s  s o  t h a t  th e  t o w  c a n  n o  lo n g e r  c o n t in u e ,  
th e  t u g  c a n  r e le a s e  th e  c a b le  a n d  r e s u m e  th e  to w  la t e r .

A b r a s io n  to  c o n c r e t e  c o a t in g  is  w it h in  a c c e p t a b le  l im it s  a n d  
r e c e n t  d e v e lo p m e n t s  in  p o ly m e r - m o d if ie d  c o n c r e t e  g iv e  th e  
d e s ig n e r  m o r e  f r e e d o m  to  c h o o s e  t h e  o p t im a l  w e ig h t  c o a t in g  
t h ic k n e s s .

O ff-bottom  tow
A n  a lt e r n a t iv e  is  o f f -b o t t o m  t o w  [ F ig .  2 ( c ) ] ,  w h e r e  th e  

p ip e l in e  is  b u o y e d  s o  t h a t  it f lo a t s  o n e  o r  t w o  m e t r e s  a b o v e  th e  
b o t t o m , h e ld  d o w n  b y  c h a in s  t h a t  d r a g  o n  th e  b o t t o m . A t  th e  
f in a l  lo c a t io n ,  th e  b u o y s  a r e  r e le a s e d  a f t e r  th e  e n d  c o n n e c t io n s  

h a v e  b e e n  m a d e ,  a n d  th e  p ip e l in e  s e t t le s  to  th e  b o t t o m . In  
c o m p a r is o n  w it h  b o t t o m  t o w , th e  p ip e l in e  is  le s s  a f f e c t e d  b y  

b o t t o m  r o u g h n e s s  a n d  d o e s  n o t  h a v e  to  h a v e  a n  a b r a s io n -r e s is ­
t a n t  c o a t in g .  B u t  r ig g in g  is  m o r e  c o m p le x  a n d  e x p e n s iv e .

Mid-depth tow
A  f u r t h e r  a lt e r n a t iv e  is  m id -d e p t h  ( o r  c o n t r o l le d -d e p t h )  

t o w .6 7 T h e  p ip e l in e  is  to w e d  c le a r  o f  t h e  b o t t o m  [ F ig .  2 ( d ) ] ,  

s u s p e n d e d  b e t w e e n  tw o  t u g s , o n e  p u l l in g  th e  l in e  f o r w a r d  a n d  
th e  o t h e r  a p p ly in g  a  h o ld b a c k  t e n s io n .  T h e  l in e  c o n f ig u r a t io n

Table II: Design o f Drake F-76 bundled  f lo w lin e

Outside Wall M inim um Operating
diameter thickness yield pressure

Line (mm) (mm) (MPa) (MPa) Coating

Carrier 457.0 9.53 290 0.552
External

Polyethylene 
Undercoat 0.18 mm 
Main coat 1.35 mm

Production 1 168.3 10.97 290 12.07 Epoxy zinc-rich prime 
Vinyl/urethane 
SECT heat tracing

Production 2 168.3 9.53 290 12.07 Epoxy zinc-rich prime 
Urethane foam 
Polyethylene 
Thermon heat tracinc

Annulus access 60.3 5.54 241 12.07 Extruded polyethylen
Methanol injection 33.4 4.55 241 12.07 Extruded polyethylen
Hydraulic control (3 off) 33.4 4.55 241 20.69 Extruded polyethylen
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is  n o w  d e t e r m in e d  b y  t h e  in t e r a c t io n  b e t w e e n  t h e  w e ig h t  a n d  
f l e x ib i l it y  o f  th e  b u n d le ,  th e  t e n s io n  a p p l ie d  b y  t h e  t u g s  a n d  th e  
h y d r o d y n a m ic  f o r c e s  in d u c e d  b y  m o t io n  t h r o u g h  th e  w a t e r .

O n  a r r iv a l  a t  t h e  f in a l  lo c a t io n ,  th e  t e n s io n  is  r e le a s e d  s lo w ly  

a n d  th e  p ip e l in e  s e t t le s  to  t h e  b o t t o m  ( o r  to  a n  in t e r m e d ia t e  
p o s it io n  ju s t  a b o v e  th e  b o t t o m , a s  in  o f f -b o t t o m  t o w , f r o m  
w h e r e  it  c a n  b e  d e f le c t e d  in t o  a l ig n m e n t  f o r  c o n n e c t io n ) .

S in c e  t h is  m e t h o d  f r e e s  t h e  p ip e l in e  f r o m  in t e r a c t io n  w it h  
th e  b o t t o m , it  c a n  b e  u s e d  i f  t h e  t o w  r o u t e  c r o s s e s  v e r y  r o u g h  
b o t t o m  t o p o g r a p h y  o r  v e r y  d e e p  w a t e r .  O n  t h e  o t h e r  h a n d ,  

m id -d e p t h  to w  r e q u ir e s  v e r y  p r e c is e  c o n t r o l  o f  t h e  b u n d le ’s 
s u b m e r g e d  w e ig h t ,  im p l ie s  c o m p le x  r ig g in g ,  is  w e a t h e r -s e n s i­

t iv e  a n d  n e e d s  r ig o r o u s  m o n it o r in g  o f  t h e  d e l ic a t e  t o w  a n d  
lo w e r in g  o p e r a t io n s .  I t  a p p e a r s  to  b e  l im it e d  to  a  m a x im u m  
le n g t h  o f  a b o u t  5  k m .

M id - d e p t h  t o w  h a s  b e e n  u s e d  to  in s t a l l  a  n u m b e r  o f  p ip e l in e  
b u n d le s  in  th e  N o r t h  S e a ,  t h e  lo n g e s t  o f  t h e m  3 3 5 0  m  lo n g .  In  
t h a t  in s t a l la t io n  t h e r e  w e r e  t w o  b u n d le s ,  e a c h  a n  8 .6 2 5  in  

( 2 1 9  m m )  f lo w lin e .  in s u la t e d  w it h in  a  1 4  in  ( 3 5 5 .6  m m )  s te e l 
s le e v e ,  in  a  2 6  in  (6 6 0  m m )  c a r r ie r ,  p r e s s u r is e d  w it h  n it r o g e n  to  
b a la n c e  t h e  e x t e r n a l  w a t e r  p r e s s u r e .  T h e  b u n d le  w a s  t o w e d  
3 8 0  k m , f r o m  a  m a k e - u p  s it e  n e a r  W i c k  to  th e  C o r m o r a n t  f ie ld .

Sub-surface tow
Y e t  a n o t h e r  a lt e r n a t iv e  is  s u b -s u r f a c e  t o w  [ F ig .  2 ( e ) ] ,  T h e  

b u n d le  is  t o w e d  s o m e  10 m  b e lo w  th e  s u r f a c e ,  s u s p e n d e d  f r o m  
s p a r  b u o y s ,  a n d  lo w e r e d  o r  d r a w n  d o w n  in t o  it s  f in a l  p o s it io n .  

I n  a  t r ia l  in  th e  G u l f  o f  M e x ic o 8 t h is  m e t h o d  w a s  u s e d  to  in s t a ll  
a  f lo w lin e  b u n d le  6 0 0  m  lo n g  in  1 0 0  m  o f  w a t e r .  It  c a n  b e  
a p p l ie d  to  lo n g e r  p ip e l in e s  t h a n  m id -d e p t h  to w .

Connections

T h e  c o s t  o f  c o n n e c t io n s  c a n  b e  a  m a jo r  p a r t  o f  th e  t o t a l 

c o n s t r u c t io n  c o s t  o f  a  s u b m a r in e  p ip e l in e  a n d  h a s  a t t r a c t e d  a  
g r e a t  d e a l  o f  r e s e a r c h  a n d  d e v e lo p m e n t .  T h e  a v a i la b le  
m e t h o d s  in c lu d e  f la n g e d  c o n n e c t io n s  c o m p le t e d  b y  d iv e r s ,  

h y p e r b a r ic  w e ld in g ,  m e c h a n ic a l  c o n n e c t o r s ,  o n e -a t m o s p h e r e  
w e ld in g ,  e x p lo s iv e  w e ld in g ,  a n d  m e m o r y -m e t a l  s le e v e s :  th e  
f ir s t  t h r e e  o f  t h e s e  a r e  w id e ly  u s e d .  T h e  s a m e  t e c h n iq u e s  c a n  b e  
u s e d  to  c o n n e c t  b u n d le s .

E le c t r ic a l  c o n n e c t io n s  h a v e  b e e n  a  s o u r c e  o f  u n r e l ia b i l i t y  in  
s u b s e a  s y s t e m s  b u t  h a v e  im p r o v e d  g r e a t ly .  I n d u c t iv e  c o u p l in g  
s y s t e m s  c a n  t r a n s m it  h ig h e r  p o w e r  t h a n  f o r m e r ly ,  a n d  f ib r e -  

o p t ic  c o u p l in g s  a r e  a v a i la b le .

An exam ple o f a bundled flowline system

S o m e  o f  th e  p o s s ib i l i t ie s  o f  b u n d le d  p ip e l in e s  a r e  i l lu s t r a t e d  
b y  t h e  D r a k e  F - 7 6  f lo w lin e  s y s t e m , c o n s t r u c t e d  a t  M e lv i l le  

I s la n d  in  A r c t ic  C a n a d a .  A s  p a r t  o f  a  p r o g r a m  to  d e m o n s t r a t e  
th e  f e a s ib i l i t y  o f  p r o d u c t io n  f r o m  t h e  D r a k e  a n d  H e c l a  g a s -  
f ie ld s ,  w h ic h  e x t e n d  o f f s h o r e  f r o m  th e  S a b in e  P e n in s u la  to  a 
w a t e r  d e p t h  o f  4 0 0  m ,  a  s u b s e a  w e l lh e a d  w a s  c o n n e c t e d  to  

s h o r e  b y  a  b u n d le d  f lo w lin e  s y s t e m .
E n v ir o n m e n t a l  c o n d it io n s  in  th e  a r e a  a r e  s e v e r e  in  th e  

e x t r e m e : th e  s e a  is  f r o z e n  f o r  t e n  m o n t h s  o f  t h e  y e a r  a n d  in  th e  
w in t e r  c o n s t r u c t io n  s e a s o n  ( J a n u a r y  t h r o u g h  M a y )  th e  s e a  ic e  

t h ic k n e s s  r e a c h e s  2 m .
F ig u r e  3  is  a  c r o s s -s e c t io n  o f  t h e  b u n d le ,  w h ic h  c o n s is t e d  o f  

tw o  6 in  ( 1 6 2  m m )  f lo w lin e s ,  o n e  in s u la t e d  a n d  b o t h  h e a t -  
t r a c e d ,  a n d  f iv e  s m a l le r  l in e s .  D e t a i l s  o f  t h e s e  l in e s  a r e  g iv e n  in  
T a b l e  I I ,  w h ic h  is  t a k e n  f r o m  a  p a p e r9 d e s c r ib in g  th e  p r o je c t  a s  
a  w h o le .  T h e  b u n d le  in c lu d e d  in s t r u m e n t a t io n  c a b le s  le a d in g  
to  t h e r m is t o r s  ju s t  b e f o r e  th e  w e l lh e a d :  t h e r e  w a s  n o  r e q u ir e ­
m e n t  f o r  a n  e le c t r ic a l  c o n n e c t io n  to  t h e  w e l lh e a d  b u t  o n e  c o u ld  
h a v e  b e e n  a d d e d  w it h o u t  d if f ic u lt y .

T h e  b u n d le  w a s  f a b r ic a t e d  o n s h o r e ,  p u l le d  in t o  p o s it io n  a n d  
c o n n e c t e d  b y  t h e  f irs t  a p p l ic a t io n  o f  th e  d e f le c t -t o -c o n n e c t  
t e c h n iq u e .  T h e  s c h e d u le  r e q u ir e d  it  to  b e  f a b r ic a t e d  in  m id ­
w in t e r ,  w h e n  d a r k n e s s  is  c o n t in u o u s  a n d  a i r  t e m p e r a t u r e s  f a l l  
to  — 5 0  ° C ,  o f t e n  a c c o m p a n ie d  b y  h ig h  w in d s  a n d  d r iv in g  s n o w .

FIG. 3: Cross-section of a bundle. 1 and 2, flowlines; 3, annulus 
access line; 4 -7 , methanol and hydraulic control lines; 8, Ther- 
mon heat tracing; 9, SECT heat tracing; 10, insulation; 11, 

spacer; 12, spacer roller; 13, carrier

T o  h a v e  f a b r ic a t e d  t h e  b u n d le  in  t h e  o p e n  a n d  to  h a v e  t r ie d  
to  m a in t a in  h ig h  w e ld in g  q u a l it y  t h e r e  w o u ld  h a v e  b e e n  a lm o s t  
im p o s s ib le .  In s t e a d  a l l  f a b r ic a t io n  w a s  in  a  h e a t e d  t e n t ,  c lo s e  to  
t h e  s h o r e ,  at th e  e n d  o f  a  r o l l e r  la u n c h w a y  w h ic h  e x t e n d e d  1200 
m  o n t o  t h e  is la n d .  T h e  c a r r ie r  w a s  f a b r ic a t e d  f ir s t ,  a n d  w in c h e d  

o n t o  t h e  la u n c h w a y  jo in t  b y  j o in t .  T h e  b u n d le  f o l lo w e d ,  a n d  
w a s  p u l le d  in t o  th e  c a r r ie r  o n  w h e e le d  s p a c e r s .  A  c o n n e c t io n  
m a n if o ld  w a s  w e ld e d  to  th e  le a d in g  e n d  o f  t h e  b u n d le  w h ic h  
w a s  t h e n  p u l le d  in t o  p o s it io n  b y  a  w in c h  o n  t h e  s e a  ic e .

CO NCLUSIO N

B u n d le  f a b r ic a t io n  a n d  in s t a l la t io n  o f f e r  e n o r m o u s  p o t e n t ia l  
in  th e  o f f s h o r e  in d u s t r y ,  a n d  th e  p o s s ib le  a p p l ic a t io n s  h a v e  
h a r d ly  b e g u n  to  b e  e x p lo it e d .  I t  is  n o t  g o in g  t o o  f a r  to  s a y  t h a t  
t h e  d e s ig n e r  o f  a  s u b s e a  s y s t e m  n e e d  n o t f e e l h im s e lf  c o n ­
s t r a in e d :  w h a t e v e r  h e  w a n t s ,  th e  t e c h n o lo g y  to  b u i ld  it  is  
a v a i la b le .
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Discussion

J. COWLEY (Surveyor General, DTp): May I open the 
discussion by referring to my professional interest in undersea 
technology. This interest is through the Offshore Safety Sec­
tion of my Department, which deals, amongst other things, 
with submersible undersea pipeline repair craft. As part of the 
initial survey, this Section examines and approves the drawings 
in the following subjects: hull, power, control, buoyancy, 
stability, position indicating and all matters relating to life 
support systems.

The statutory requirements are contained in The Merchant 
Shipping (Submersible Craft Construction and Survey) Regu­
lations 1981. As manned craft, submersibles obviously have to 
have high safety standards, as exemplified by the Regulations. 
However, it is obviously important from commercial and 
pollution aspects that pipelines should be sufficient for their 
intended purpose. 1 would like to know whether the authors’ 
organization had to satisfy the regulatory authorities on whose 
continental shelf the pipelines were laid as to the engineering 
philosophy and construction within the closed-bundle 
pipelines. Were the regulatory authorities concerned with, for 
example, whether internal failures within the carrier pipe 
might occur or were they mainly concerned with the strength of 
the outer enclosing pipeline which would contain the contents 
and prevent pollution?

The paper referred to the need for the design to allow for 
pressure-induced expansion between individual internal lines 
and between the internals and the carrier. What is the relative 
magnitude of the pressure-induced expansion compared with

the temperature-induced expansion in the case of gas and oil 
pipelines within the closed bundle and how is it estimated and 
verified? The paper also refers to a hydraulic test of the 
completed installation. It would be interesting to know the 
philosophy of this test and the relationship of the test pressure 
to the working pressure of the system. Is it intended to be 
merely a leak test or is it a test of the strength of the fabricated 
installation? If the test pressure is too high in relation to the 
working pressure, distortion may occur.

My Department’s Regulations define a submersible as a 
manned mobile submersible craft which is designed to maintain 
some or all of its occupants at, or near, atmospheric pressure. 
The Regulations therefore exclude systems used to transfer 
divers (bells) from the surface to the underwater site because 
the occupants in such cases are kept at the pressure at which 
they will work when they leave the bell.

However, since the Regulations were written, many 
developments in underwater engineering have occurred. Items 
such as wellhead encapsulations, where repair or maintenance 
teams are able to work in a near shirt-sleeve environment on 
seabed installations, were not considered. These are outside 
the scope of the Regulations since they are not mobile. On the 
other hand, outside the conventional view of submersibles, but 
falling within the scope of our Regulations, are certain under­
water repair facilities. The Offshore Safety Section is at present 
examining plans and co-operating with the builders of two 
different such projects.

One concerns the repair of underwater pipelines up to 1067

FIG. D 1: Model of submersible underwater pipeline repair apparatus, SUPRA (reproduced by kind permission of AGRE SUPRA)
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m m  d ia m e t e r .  T h o s e  w h o  a r e  f a m i l i a r  w it h  th e  u s u a l  s m a ll  
s u b m e r s ib le s  in  th e  o f f s h o r e  in d u s t r y  w il l  b e  s u r p r is e d  at th e  
o v e r a l l  d im e n s io n s  o f  t h is  c r a f t ,  w h ic h  a r e  o f  th e  o r d e r  o f  3 4 .0  
X  1 2 . 6  x  7 . 3 5  m . F ig u r e  D 1  s h o w s  a  m o d e l o f  t h is  c r a f t .

T h e  o t h e r  f a c i l it y  is  f o r  a n y  p o s s ib le  r e p a ir s  o f  th e  e le c t r ic  
c a b le s  o f  th e  A n g lo - F r e n c h  2 0 0 0  M W  p o w e r  s h a r in g  s c h e m e . 

P u b lis h e d  d a t a  f o r  t h is  p r o je c t  s h o w  t h a t  it  c a n  h a n d le  in d i ­
v id u a l  s o l id  c o p p e r  c a b le s  o f  a b o u t  1 2 5  m m  d ia m e t e r .

I n  e a c h  o f  t h e s e  c a s e s  t h e  r e p a ir  v e h ic le  w il l  b e  t o o  la r g e  to  
b e  o f f lo a d e d  a t  s e a  b y  t h e  p a r e n t  v e s s e l,  t h e r e f o r e  e a c h  w il l  b e  
to w e d  to  th e  s it e .  W h e n  in  th e  a p p r o x im a t e  d e s ir e d  p o s it io n ,  
t h e y  w il l  s u b m e r g e .  O n e  c r a f t  is  d e s ig n e d  to  b e  d e p lo y e d  f r o m  
th e  s u r f a c e  w it h  o c c u p a n t s  w h o  a r e  c o n c e r n e d  o n ly  w it h  r u n ­
n in g  th e  c r a f t  a n d  n o t  w it h  th e  r e p a ir  w o r k ,  w h e n  o n  th e  

s e a b e d  b o t h  c r a f t  w il l  u s e  t h e ir  o w n  p r o p u ls io n  s y s t e m s  to  
m a n o e u v r e  to  th e  e x a c t  lo c a t io n .  In  b o t h  c a s e s  th e  r e p a ir  t e a m s  
w il l  b e  b r o u g h t  f r o m  th e  s u r f a c e  to  th e  r e p a ir  h a b it a t  o f  th e  
s u b m e r s ib le  c o m p le x  b y  a t m o s p h e r ic  t r a n s f e r  v e h ic le s ,  g u id e d  

b y  w ir e  r o p e s  f r o m  th e  p a r e n t  v e s s e l a n d  s e c u r e d  to  th e  
c o m p le x .  T h e s e  t r a n s f e r  v e h ic le s  w il l  a ls o  f a l l  w it h in  th e  s c o p e  
o f  th e  R e g u la t io n s  a n d  w il l  b e  t r e a t e d  b y  t h e  O f f s h o r e  S a f e t y  
S e c t io n  a s  s u b m e r s ib le s .

I n  b o t h  c a s e s  a r r a n g e m e n t s  a r e  m a d e  to  h in g e  o p e n  p a r t  o f  
th e  v e h ic le s  a n d  f o r  d iv e r s  to  b r in g  th e  p ip e  o r  c a b le  in t o  th e  

r e p a ir  h a b it a t .  T h e  h in g e d  p o r t io n  is  t h e n  c lo s e d ,  th e  e n d s  
m a d e  w a t e r t ig h t  a n d  t h e  h a b it a t  p u m p e d  d r y ,  r e a d y  f o r  th e  
r e p a ir  t e a m  to  e n t e r  in  t h e  d r y .

T h e s e  d e v e lo p m e n t s  sh ow ' t h a t  u n d e r s e a  r e p a ir s  o f  c o n v e n ­
t io n a l  p ip in g  s y s t e m s  a n d  c a b le s  a r e  a  p r a c t ic a b le  p r o p o s it io n .  
D o  th e  a u t h o r s  e n v is a g e  t h a t  u n d e r s e a  r e p a ir s  c o u ld  b e  c a r r ie d  
o u t  o n  t h e ir  c lo s e d -b u n d le  s y s t e m ?

T h e  c lo s e d -b u n d le  s y s t e m  h a s  o v e r w h e lm in g  a d v a n t a g e s  in  
th e  c a s e  o f  th e  A r c t ic  p ip e l in e s  a s  it  is  in c o n c e iv a b le  t h a t  
c o n v e n t io n a l  w e ld in g  c o u ld  b e  c a r r ie d  o u t  in  t h e  c o ld  a n d  
h o s t ile  A r c t ic  e n v ir o n m e n t .  C o u ld  th e  a u t h o r s  c o m m e n t  o n  
th e  c o m m e r c ia l  c o m p e t it iv e n e s s  o f  t h is  s y s t e m  in  le s s  o n e r o u s  
e n v ir o n m e n t a l  c o n d it io n s ?

C .  F .  S M I T H  ( O f f s h o r e  S a f e t y  S e c t io n .  D T p ) :  F u r t h e r  to  th e  
c o m m e n t s  o f  D r  C o w le y ,  1 w o u ld  l ik e  to  a d d  s o m e  n o t e s  
r e g a r d in g  t h e  d e v e lo p in g  p h i lo s o p h y  o f  d r y  u n d e r w a t e r  c a b le  

a n d  p ip e  r e p a ir  f a c i l it ie s .
It  w a s  n o t lo n g  a g o  th a t  u n d e r w a t e r  c a b le s  w h ic h  n e e d e d  to  

b e  r e p a ir e d  in  th e  d r y  w e r e  o f  n e c e s s it y  p u l le d  to  th e  s u r f a c e  f o r  
th e  r e p a ir  to  b e  m a d e .  R e p a ir s  b y  t h is  m e t h o d  r e q u ir e d  th e  

in s e r t io n  o f  a n e w  le n g t h  o f  c a b le  to  m a k e  u p  th e  le n g t h  o f  th e  
c a t e n a r y  c a u s e d  b y  th e  c a b le  b e in g  b r o u g h t  to  t h e  s u r f a c e .  I f  
s u c h  a  c a b le  h a d  o r ig in a l l y  b e e n  b u r ie d  t h e n  r e p a ir s  o f  t h is  t y p e  
w o u ld  c a u s e  c o n s id e r a b le  d if f ic u lt ie s  f o r  b u r y in g  t h e  in c r e a s e d  

le n g t h  o f  c a b le  w it h  t h e  c o n t r o l  o f  t r e n c h in g  t o o ls  t h e n  a v a i l a ­

b le .
C u r r e n t  n e e d s  d e m a n d  t h a t  s o m e  r e p a ir s  m u s t  b e  m a d e  o n  

th e  s e a b e d ;  w h e t h e r  o r  n o t  d r y ,  a t m o s p h e r ic  c o n d it io n s  a r e

c o n v e n ie n t ly  a v a i la b le .  T h e  b a s ic  d e s ig n  o f  t h e  n e w  g e n e r a t io n  
o f  u n d e r w a t e r  c a b le  a n d  p ip e  r e p a ir  f a c i l it ie s  r e q u ir e :

• A n  e n v ir o n m e n t  s u it a b le  f o r  th e  t e c h n iq u e s  o f  t h e  r e p a ir s .  
I t  m a y  b e  t h a t  th e  t e c h n iq u e s  d e v e lo p e d  o n  la n d  h a v e  to  
b e  c h a n g e d  to  a c c o m m o d a t e  th e  b e s t  e n v ir o n m e n t  t h a t  

c a n  b e  p r o v id e d .
• A n  e n v ir o n m e n t  w h ic h  s u p p o r t s  th e  h u m a n s  in v o lv e d .
• A  p o r t a b le  s y s t e m .

• A  re s c u e  c a p a b il it y  f o r  th e  h u m a n  o c c u p a n t s .
A  d r y  r e p a ir  e n v ir o n m e n t  c a n  b e  p r o v id e d  b y  w h a t  is  k n o w n  a s 
a  h a b it a t .  T h i s  is  c y l in d r ic a l  a n d  h a s  a  le n g t h - t o - r e p a ir  d ia m e t e r  

r a t io  o f  a b o u t  1 0 0  f o r  s m a ll  c a b le s  a n d  d o w n  to  3 0  f o r  1 m  
d ia m e t e r  p ip e s .  C a r e  m u s t  b e  t a k e n  t h a t  th e  t e c h n iq u e s  u s e d  in  

r e p a ir s  d o  n o t  c r e a t e  c o n d it io n s  h a z a r d o u s  to  th e  c r e w .
M o d if ic a t io n s  m u s t  b e  m a d e  to  t h e  s h e ll  o f  th e  h a b it a t  so  th a t  

th e  p ip e  o r  c a b le  c a n  b e  b r o u g h t  in t o  t h e  h a b it a t  a n d  s u b ­
s e q u e n t ly  r e le a s e d .  A  s u it a b le  a r r a n g e m e n t  to  c o p e  w it h  t h is  is  
to  h a v e  a h in g e d  a p p e n d a g e  o n  t h e  s id e  o f  t h e  c y l in d r ic a l  
h a b it a t .  W it h  t h is  h in g e d  a p p e n d a g e  o p e n ,  c a b le s  a n d  p ip e s  

c a n  b e  w in c h e d  u p  in t o  t h e  h a b it a t  b y  d iv e r s  o r  r e m o t e  c o n t r o l .  
W h e n  th e  a p p e n d a g e  is  c lo s e d ,  a  w a t e r -t ig h t  s e a l is  f o r m e d  
r o u n d  th e  c a b le  o r  p ip e .

U n t i l  th e  h a b it a t  s p a c e  is  d r y  a n d  v e n t i la t e d ,  th e  r e p a ir  t e a m  
c a n  b e  a c c o m m o d a t e d  in  a  s e c o n d ,  p e r m a n e n t ly  d r y  h a b it a t ,  
c o n n e c t e d  to  th e  r e p a ir  h a b it a t  t h r o u g h  a  s in g le  h a t c h .  T h e  
r e p a ir  t e a m  is  b r o u g h t  f r o m  t h e  p a r e n t  v e s s e l in  th e  f irs t  
in s t a n c e  b y  s u b m e r s ib le .  T h e  s u b m e r s ib le ,  k n o w n  a s  a n  a t m o s ­
p h e r ic  t r a n s f e r  v e h ic le ,  is  d e d ic a t e d  to  th e  r e p a ir  c o m p le x  a n d  
is  g u id e d  u p  a n d  d o w n  b y  d iv e r -a t t a c h e d  w ir e s ,  t h e  w h o le  

o p e r a t io n  b e in g  a n a lo g o u s  to  a  l if t  in  a  b u i ld in g .  P o w e r  to  th e  
r e p a ir  c o m p le x  is  p r o v id e d  f r o m  th e  p a r e n t  v e s s e l t h r o u g h  a n  

u m b i l ic a l  c a b le .
T o  a r r a n g e  m o b i l i t y  a n d  p r o v id e  s u p p o r t  f u n c t io n s ,  s u c h  a 

h a b it a t  is  a t t a c h e d  to  a n  e x o s t r u c t u r e ,  c o n s is t in g  m o s t ly  o f  
c y l in d e r s ,  w h ic h  p r o v id e s  a  c o m b in a t io n  o f  b a l la s t in g ,  
e m e r g e n c y  b a t t e r y  s t o r a g e ,  p r o p u ls io n ,  a u x i l ia r y  m a c h in e r y ,  
c o m m u n ic a t io n s  e t c . .  d e p e n d in g  o n  th e  o p e r a t o r  r e q u ir e ­
m e n t s .  P r o p u ls io n  c a n  b e  b y  a  b o t t o m -c r a w lin g  a r r a n g e m e n t  
o r  it  is  p o s s ib le  to  h a v e  a  s y s t e m  w h e r e b y  s o m e  b a lla s t  c a n  b e  
b lo w n ,  le a v in g  o n ly  a  l it t le  n e g a t iv e  b u o y a n c y  w h ic h  c a n  b e  
o v e r c o m e  b y  v e r t ic a l  t h r u s t e r s  to  c a u s e  t h e  c o m p le x  to  c le a r  

th e  s e a b e d  a n d  m a in t a in  a  s t a b le  d e p t h ,  w h ils t  h o r iz o n t a l  
t h r u s t e r s  m o v e  it to  t h e  n e x t  s it e .

F ig u r e  D 2  s h o w s  th e  o u t l in e  o f  th e  B r i t i s h  C E G B / F r e n c h  
E D F  c o m b in e d  p r o je c t  f o r  c r o s s -c h a n n e l  p o w e r  c a b le  r e p a ir s .  

T h i s  is  b e in g  b u ilt  j o in t l y  b y  S E L ,  Y o r k s h ir e  a n d  A C B .  
N a n t e s .  T h is  is  a  r e la t iv e ly  s m a ll  d e s ig n  w h e n  c o m p a r e d  w it h  
th e  o n e  m e n t io n e d  b y  D r  C o w le y ,  b u t  d o c s  s h o w  th e  e s s e n t ia l 
f e a t u r e s  a n d  t h e  w a y  t h e  t e c h n o lo g y  i »g o in g .

M .  R O B E R T S O N  ( O f f s h o r e  S a f e t y  S e c t io n ,  D T p ) :  T h e  

a u t h o r s  a re  to  b e  c o n g r a t u la t e d  o n  t h is  p a p e r  a n d  D r  P a lm e r  o n  
h is  p r e s e n t a t io n . A lt h o u g h  n o t p r o f e s s in g  to  h a v e  a n y  e x p e r t is e
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in  p ip e l in e  t e c h n o lo g y ,  1 f o u n d  th e  p a p e r  o f  im m e n s e  in t e r e s t  

in  r e v e a l in g  th e  c o m p le x it y  o f  t h is  f o r m  o f  t e c h n o lo g y ,  w h ic h  

in v o lv e s  m o r e  t h a n  ju s t  d r a g g in g  o r  t o w in g  a  m u lt ic o r e  b u n d le  
to  s o m e  p r e d e t e r m in e d  p o s it io n  o n  th e  s e a  f lo o r .

C o u ld  th e  a u t h o r s  o u t l in e  th e  l im it in g  f a c t o r s  in  th e  
m a x im u m  le n g t h  o f  b u n d le  t h a t  c o u ld  b e  ‘b o t t o m  t o w e d ' o r  
'p u l le d ' ?  A  t y p ic a l  t u g  b o l la r d  p u l l  o f  1 .8 M N  is  q u o t e d . Is  t h is  
o n e  o f  th e  l im it in g  f a c t o r s  o r  is  th e  l im it  m o r e  r e la t e d  to  th e  

s t r e s s /s t r a in  p a t t e r n  a c r o s s  th e  b u n d le ,  p a r t ic u la r ly  c lo s e  to  th e  

tw o  a t t a c h m e n t  p o in t ?
T h e  p a p e r  d e s c r ib e s  t h e  v a r io u s  m e t h o d s  o f  p la c in g  th e  

b u n d le  o n  s ite  b u t  d o e s  n o t s u g g e s t  a  p r e f e r r e d  m e t h o d . B e in g  

c le a r  o f  w a v e  in f lu e n c e s  a n d  o f  th e  s e a b e d ,  it w o u ld  s e e m  th a t 
th e  ‘ o f f -b o t t o m  t o w ’ is  th e  m e t h o d  le a s t  l ik e l y  to  d a m a g e  th e  

b u n d le ,  a lt h o u g h  it  is  m o r e  e x p e n s iv e  in  t e r m s  o f  r ig g in g  
r e q u ir e d .  T h e  ‘ m id -d e p t h  t o w ’ w o u ld  s e e m  to  h a v e  it s  a t t r a c ­

t io n s  b u t  w o u ld  n o  d o u b t  d e p e n d  o n  th e  r e la t iv e  s e p a r a t io n  o f  
th e  t w o  t u g s  b e in g  c lo s e ly  m a in t a in e d .  P e r h a p s  th e  a u t h o r s  
c o u ld  c o m m e n t .

T e n s io n - l e g  p la t f o r m s  w o u ld  s e e m  to  b e  o n e  t y p e  o f  in s t a l la ­

t io n  g a in in g  f a v o u r  f o r  th e  e x p lo r a t io n  o f  o i l  in  d e e p e r  w a te rs . 
A r e  t h e r e  a n y  p a r t ic u la r  p r o b le m s  in  t e r m s  o f  f a t ig u e  w h e n  o n e  
c o n s id e r s  t h a t  t h e  c o r e s  h a v e  to  r is e  u p  f r o m  th e  s e a  f lo o r  to  a 
n o n -s t a t io n a r y  p la t f o r m ?

C o u ld  th e  a u t h o r s  c o m m e n t  o n  w h a t  t h o u g h t  h a s  b e e n  g iv e n  
to  in -s e r v ic e  s u r v e y s ?  C o n v e n t io n a l  m e t h o d s  o f  u s in g  s u b m e r ­

s ib le  c r a f t ,  r e m o t e ly  o p e r a t e d  v e h ic le s  o r  d iv e r s  to  c a r r y  o u t  
u lt r a s o n ic  m e a s u r e m e n t s ,  a lt h o u g h  a d e q u a t e  f o r  s in g le  o il  o r  

g a s  l in e s ,  m a y  p r o v e  u n s a t is f a c t o r y  f o r  m u lt ic o r e  l in e s  d u e  to  
t h e ir  c lo s e  p r o x im it y .  ‘ I n t e ll ig e n t  p ig s ’ w o u ld  p r o b a b ly  b e  a b le  
to  e x a m in e  th e  la r g e r  o i l  a n d  g a s  l in e s  b u t  w o u ld  le a v e  o t h e r  
c o r e s  in  t h e  b u n d le  s t i l l  to  b e  e x a m in e d .

T h e  ‘s k in  e ffe c t '  c u r r e n t  t r a c in g  a p p e a r s  to  b e  a n  a t t r a c t iv e  
c o n c e p t ,  so  f a r  a s  h e a t in g  o f  th e  l in e  is  c o n c e r n e d .  A lt h o u g h  it 

m a y  n o t  b e  t h e ir  f ie ld  o f  e x p e r t is e ,  c o u ld  th e  a u t h o r s  c o m m e n t  
o n  th e  p r e c a u t io n s  c o n s id e r e d  n e c e s s a r y  w h e n  d iv e r s  o p e r a t e  
c lo s e  to  s u c h  a n  e le c t r ic a l  f ie l d ?  P r e s u m a b ly  a h ig h -f r e q u e n c y  
s u p p ly  is  n e c e s s a r y  to  p r o d u c e  a n  a d e q u a t e  ‘s k in  e f f e c t ’ a n d  th e  
c a p a c it a t iv e  a n d  in d u c t iv e  e ffe c t s  m a y  a ls o  h a v e  to  b e  c o n s i­
d e r e d . M y  p a r t ic u la r  in t e r e s t  in  t h is  t o p ic  s t e m s  f r o m  m y  re c e n t  
in v o lv e m e n t  in  a  C o d e  o f  P r a c t ic e  f o r  th e  s a fe  u se  o f  e le c t r ic it y  
u n d e r w a t e r  w h e r e  it  w a s  r e c o g n iz e d  t h a t  e x p o s u r e  o f  d iv e r s  to  

e le c t r ic a l  c u r r e n t s  o f  th e  o r d e r  o f  o n ly  a  fe w  m i l l ia m p s  fo r  s h o r t  
p e r io d s  o f  t im e  c o u ld  p r o v e  h a z a r d o u s .

Authors' Reply-------------------------------
In  r e p ly  to  D r  C o w le y ,  r e g u la t o r y  a u t h o r it ie s  a lm o s t  in v a r i ­

a b ly  w is h  to  s a t is f y  t h e m s e lv e s  a b o u t  a l l  a s p e c t s  o f  a  s u b m a r in e  
p ip e l in e  s y s t e m , a n d  in  th e  c a s e  o f  a  b u n d le  a re  c o n c e r n e d  b o th  
w it h  th e  in t e r n a l  l in e s  a n d  th e  e x t e r n a l  c a r r ie r .  B o t h  t h e r m a l 
a n d  p r e s s u r e - in d u c e d  e x p a n s io n  a r e  im p o r t a n t ,  a n d  in  m o s t  
p r o d u c t io n  s y s t e m s  th e  t w o  e ffe c t s  m a k e  r o u g h ly  e q u a l c o n ­
t r ib u t io n s  to  th e  t o t a l m o v e m e n t .  H o w e v e r ,  th e  e ffe c t s  a re  n o t

s im p ly  a d d it iv e .  T h e  q u e s t io n  is  d is c u s s e d  in  d e t a il  in  r e f .  ( 1 ) ,  

w h ic h  a ls o  p r e s e n t s  a  c o m p a r is o n  b e t w e e n  t h e  t h e o r y  a n d  
o b s e r v a t io n s  in  th e  f ie ld .

H y d r a u l ic  t e s t in g  is  b o t h  a  le a k  te s t  a n d  a  s t r e n g t h  t e s t , a n d  

e x p e r ie n c e  h a s  s h o w n  t h a t  it  is  p r u d e n t  to  m a in t a in  t h e  te st 
p r e s s u r e  f o r  a  r e a s o n a b ly  lo n g  p e r io d ,  o ft e n  2 4  h . I n  o n e  r e c e n t  
in s t a n c e ,2 a  r u p t u r e  o f  a  20 in  o il  p ip e l in e  o c c u r r e d  a f t e r  21 h at 

1 5 0  b a r s  ( 1 5  M N / t r r ) ;  th e  d e s ig n  p r e s s u r e  w a s  9 5  b a r s .
I t  is  c e r t a in ly  m o r e  d if f ic u lt  to  r e p a ir  a  b u n d le  in  a  c a r r ie r  

t h a n  it  is  to  r e p a ir  in d iv id u a l  l in e s ,  a lt h o u g h  th e  r is k  o f  d a m a g e  

t o  in t e r n a l  l in e s  is  m u c h  r e d u c e d .  In  o u r  v ie w ,  h y p e r b a r ic  
r e p a ir  o f  a n  in t e r n a l  in  a  c a r r ie r  is  c e r t a in ly  p o s s ib le ,  b u t  t h e r e  
w il l  b e  s e v e r a l  d if f ic u lt ie s ,  n o t  le a s t  th e  p r o b le m  o f  lo c a t in g  th e  
f a u lt  p r e c is e ly .  T h e r e  is  c e r t a in ly  a  p o t e n t ia l  r o le  f o r  s u b -  
m e r s ib le s .  a n d  w e  a r e  in t e r e s t e d  in  D r  C o w le y ’s  s u g g e s t io n .

B u n d le s  in  c a r r ie r s  h a v e  b e e n  u s e d  s e v e r a l  t im e s  in  th e  N o r t h  
S e a ,  a n d  o t h e r  p r o je c t s  a re  in  p r o g r e s s .  In  th e  r ig h t  c o n t e x t ,  
b u n d le d  p ip e l in e s  a re  c o m m e r c ia l ly  c o m p e t it iv e  a s  w e ll  a s  

t e c h n ic a l ly  a t t r a c t iv e .  W e  d o ,  h o w e v e r ,  w a n t  to  m a k e  c le a r  
t h a t  b u n d l in g  is  n o t  in  a n y  w a y  a p r o p r ie t a r y  s y s t e m .

W e  a c c e p t  D r  S m it h ’s  p o in t s  a b o u t  u n d e r w a t e r  c a b le  c o n ­
n e c t io n ,  w h ic h  is  a d v a n c in g  r a p id ly  in  th e  w a y  p ip l in e  c o n n e c ­

t io n  m e t h o d s  p r o g r e s s e d  r a p id ly  s o m e  10 y e a r s  a g o .

I n  r e p ly  to  M r  R o b e r t s o n ,  v e r y  lo n g  le n g t h s  o f  p ip e l in e  c a n  
b e  p u l le d ,  a n d  a  l in e  m o r e  t h a n  3 0  k m  lo n g  w a s  p u l le d  to 

K h a r g  Is la n d  in  I r a n .  I f  th e  le n g t h  is  e x t r e m e , o n e  o b v io u s ly  
n e e d s  e it h e r  a  v e r y  l ig h t  p ip e l in e  o r  a  v e r y  la r g e  p u l l  f o r c e ,  a n d  
it m a y  t h e n  b e  b e t t e r  to  p u ll  th e  l in e  in  s e c t io n s  a n d  to  m a k e  
t ie - in s .  T h e r e  is  n o  s in g le  p r e f e r r e d  m e t h o d  o f  t o w , a n d  th e  
c h o ic e  b e t w e e n  b o t t o m , o f f -b o t t o m ,  m id -d e p t h  a n d  s u r f a c e  
t o w  is  a  d e l ic a t e  a n d  d if f ic u lt  o n e ,  g o v e r n e d  b y  m a n y  f a c t o r s ,  

b o t h  t e c h n ic a l  a n d  c o m m e r c ia l .
T h e  q u e s t io n  o f  f a t ig u e  in  F P S  r is e r s  is  a g a in  c o m p le x ,  a n d  

t h e re  a r e  m a n y  p a p e r s  o n  th e  s u b je c t ;  s e e ,  f o r  e x a m p le ,  
W e s t in . '  I n - s e r v ic e  s u r v e y  is  a n o t h e r  h u g e  s u b je c t ,  a n d  a n  
a c c o u n t  o f  c u r r e n t  g o o d  N o r t h  S e a  p r a c t ic e  is  g iv e n  b y  C r y e r .4

W e  t h a n k  th e  c o n t r ib u t o r s  to  th e  d is c u s s io n  f o r  t h e ir  in t e r e s t ­
in g  r e m a r k s .
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