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DESIGN MANUAL - VOLUME 1 

SUMMARY 

1.0 INTRODUCTION 

I n  June 1971 Petronord discovered t h e  F r i g g  Gas F i e l d ,  one o f  t he  

l a r g e s t  gas f i e l d s  i n  t h e  world,  which i s  loca ted  on both s ides  

o f  t h e  Un i ted  Kingdom-Norwegian boundary i n  t he  Nor th  Sea. 

F a c i l i t i e s  requ i red  t o  produce gas from t h e  f i e l d  and d e l i v e r  i t  

t o  t h e  B r i t i s h  Gas Corporat ion a t  S t .  Fergus, Scot land have been 

designed and constructed as t h e  F r i g g  F i e l d  P r o j e c t .  The design 

work was s t a r t e d  e a r l y  i n  1973. 

1.1 D e s c r i p t i o n  o f  P r o j e c t  

The p r o j e c t  cons i s t s  o f  t h e  design and cons t ruc t i on  o f  t h e  

f a c i l i t i e s  requ i red  t o  house f i e l d  personnel on a  quar te rs  

p la t f o rm,  t o  produce gas i n  t h e  f i e l d  f rom two d r i l l i n g  

p la t fo rms,  i n i t i a l  f i e l d  t reatment  o f  t he  gas on two 

t reatment  p la t fo rms,  underwater f l o w  l i n e s  between f i e l d  

p1 at forms , separate f l a r e  s tack,  two underwater 32 i nch  

p i p e l i n e s  f o r  t r a n s p o r t a t i o n  o f  gas t o  Scot land, an 

in te rmed ia te  p l a t f o n  w i t h  p i p i n g  mani fo lds f o r  f u t u r e  

compression, a  shore approach s e c t i o n  o f  t h e  two p i p e l i n e s ,  

and a  shore te rm ina l  where t h e  gas i s  g iven f i n a l  t reatment  

and d e l i v e r e d  t o  t h e  B r i t i s h  Gas Corporat ion through gas 

custcdy t r a n s f e r  equipment. These f a c i l i t i e s  are shown 

g r a p h i c a l l y  i n  t he  f r o n t i s p i e c e  o f  t h i s  volume and i n  

F igure  1.1.1. 

A p o r t i o n  o f  these f a c i l i t i e s  i s  no t  inc luded i n  t h i s  design 

manual and i s  t h e  r e s p o n s i b i l i t y  o f  o thers .  The s t a r t i n g  

p o i n t  f o r  t he  f a c i l i t i e s  covered he re in  i s  a t  a  t r a n s i t i o n  

p iece a t  t he  bottom o f  t he  r i s e r  p i p i n g  a t  t he  t r e a t i n g  

p la t fo rms.  Thus t h e  items no t  inc luded c o n s i s t  o f  t h e  

complete quar te rs  p la t f c rm ,  t he  two producing p la t fo rms,  

t he  f l o w  l i n e s  between p la t fo rms,  t he  complete f l a r e  s tack  

and the two t r e a t i n g  p la t fo rms up t o  t h e  p o i n t  l i s t e d  above. 
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The design manual f o r  these f a c i l i t i e s  i s  made up o f  the  

f o l l o w i n g  volumes w i t h  volumes broken down i n t o  separate 

books when requ i red  : 

Vol. 1 Summary 

Vol. 2  P i p e l i n e  

Vol.  3  In te rmed ia te  P1 at form 

Vol. 4  Shore Terminal 

Vol. 5  Communications, Supervisory and Telemetry Systems. 

1.2 F r i g g  F i e l d  Desc r ip t i on  

The F r i g g  gas f i e l d  i s  described as a re t rog rade  condensate 

gas f i e l d ,  discovered by Petronord i n  June 1971. The F r i g g  

f i e l d ,  named a f t e r  t h e  w i f e  o f  t h e  Norse god Odin, s t radd les  

t h e  U.K./Norwegian boundary i n  t h e  Nor th  Sea. It i s  j u s t  

south o f  t h e  60th p a r a l l e l  approximately 180 k i  lometers 

south eas t  o f  the  Shetland Is lands and 364 k i lometers  no r th  

east  o f  S t .  Fergus, Scotland. 

The F r i g g  f i e l d  has a sur face area o f  approximately 150 square 

k i lometers  and i s  covered by t h e  North Sea, w i t h  an average 

water depth between 100 and 150 meters. The r e s e r v o i r  conta ins 
9 3 approximately 230 X 10 Sm o f  recoverable gas, and i s  

produced from the  Eocene Sands a t  a depth o f  approximately 

1,800/2,000 meters. The reserves contained i n  the  r e s e r v o i r  

a re  t o  be even tua l l y  d i s t r i b u t e d  between t h e  U.K. and 

Norwegian areas. 

The annual d e l i v e r i e s  o f  each o f  t h e  two p i p e l i n e s  have been 

determined from t h e  recoverable reserves o f  the  f i e l d  on the  

bas is  o f  an average d a i l y  f l ow  equal t o  1/5000 o f  these 

reserves. The maximum d a i l y  f l o w  which w i l l  be de l i ve red  by 

each p i p e l i n e  and i t s  r e l a t e d  f a c i l i t i e s  i s  t o  be 1.3 t imes 

the  average d a i l y  requirements o f  the  B r i t i s h  Gas Corporat ion. 

The F r i g g  gas conta ins  approximately 6 grams per meter cube 

o f  recoverable hydro carbon condensate. The processed hydro- 

carbons conta in . approximately 95 m01 . % methane, 0 .6  mol. % 

n i t rogen,  0.3 mol. % CO2 and 4.1 mol. % C3+ I t s  s p e c i f i c  

g r a v i t y  i s  approximately 0.578. 



A most i m p o r t a n t  f a c t o r  i s  t h a t  F r i g g  gas c o n t a i n s  no 

hydrogen s u l p h i d e  o r  o t h e r  c o n s t i t u e n t s  wh ich  would  

r e q u i r e  s p e c i a l  p r o c e s s i n g  p r i o r  t o  usage. 

1.3 System C a p a c i t y  

Each p i p e l i n e  can i n i t i a l l y  f l o w  a t  a  r a t e  o f  
6  30.5 X 10 sm3/day and t h e  a d d i t i o n  o f  compression would 

i n c r e a s e  t h e  f l o w  t o  41.5 X 106 sm3/day. 

1 .4  Time Frame 

T h i s  des ign  manual was prepared i n  l a t e  1976 and e a r l y  1977. 

P o r t i o n s  o f  t h e  work were n o t  coniplete a t  t h e  t i m e  o f  w r i t i n g  

and some v a r i a t i o n s  c o u l d  occur  as a  r e s u l t .  

1.5 Compos i t ion  o f  Volume 1 

Volume 1 i s  d i v i d e d  i n t o  e i g h t  ma jo r  s e c t i o n s  : 

I n t r o d u c t i o n  

P r o j e c t  C h a r a c t e r i s t i c s  

Route S e l e c t i o n  and Mar ine  Survey 

P i p e l i n e  Des ign 

P i p e l i n e  C o n s t r u c t i o n  

I n t e r m e d i a t e  and T r e a t i n g  P1 a t f o r m s  

Shore Termina l  

Communications, S u p e r v i s o r y  and Te lemetry  Systems 

A c e r t a i n  amount o f  r e p e t i t i o n  e x i s t s  i n  t h e  v a r i o u s  s e c t i o n s  

i n  o r d e r  t o  m i n i m i z e  r e f e r r i n g  f r o m  one s e c t i o n  t o  ano the r .  

Drawings, however, a r e  n o t  repea ted  and a r e  p l a c e d  on t h e  

n e x t  page a f t e r  f i r s t  b e i n g  r e f e r r e d  t o .  



2.0 DEVELOPMENT PROGRAM 

The development o f  t h e  U.K. s ide  i s  being accomplished by t h e  

B r i t i s h  J o i n t  Venture which inc ludes To ta l  O i l  Marine G.B., 

ELF O i l  U.K., and Aqu i ta ine  U.K., w h i l e  t h e  Norwegian zone 

i s  being developed by t h e  Norwegian J o i n t  Venture i n c l u d i n g  

To ta l  O i l  Marine Norsk, ELF Norge A.S. ,  Norsk Hydro and 

S t a t o i l .  The J o i n t  Ventures agreed t o  share t h e  r e s p o n s i b i l i t y  

f o r  the  development and opera t ion  o f  t h e  F r i g g  F i e l d  and f o r  

t h e  t r a n s p o r t a t i o n  system requi red.  ELF has been g iven the 

r e s p o n s i b i l i t y  f o r  t h e  development and product ion  o f  t h e  gas 

from t h e  F r i g g  F i e l d .  T.O.M. has been g iven the  r e s p o n s i b i l i t y  

f o r  the  cons t ruc t i on  o f  t h e  p i p e l i n e  t o  t h e  B r i t i s h  coast, and 

r e l a t e d  f a c i l i t i e s .  

The F r i g g  F i e l d  l o c a t i o n  i s  surrounded by several o ther  minor 

gas f i e l d s  which are under development. These are East F r i gg ,  

West F r i gg ,  West/East F r i gg ,  Odin, Heimdal and p a r t s  o f  

Block 25/1. Should these f i e l d s  be developed, they w i l l  probably 

be t i e d  i n t o  t h e  p ipe  l i n e  system and t h e  gas conveyed t o  the  

mainland. 

The development o f  the  F r i g g  F i e l d ,  t o  inc lude product ion and 

p i p e l i n e  f a c i l i t i e s ,  was o r i g i n a l l y  t o  be completed i n  t h ree  

phases as o u t l i n e d  below. 

2.1 Phase I - Construct ion t o  be completed by 1976 

Phase I i s  the  development o f  t h e  F r i g g  F i e l d  p roduct ion  

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

o f  t h e  U.K. zone. Th is  phase inc ludes  up t o  24 gas we l l s  

and dehydrat ion t reatment  f a c i l i t i e s  located a t  the  F r i g g  

F i e l d  s i t e ,  one 32 i nch  outs ide  diameter p ipe l i n e  

approximately 364 k i lometers  i n  length,  one in te rmed ia te  

p l a t f o r m  and one shore te rmina l  processing and gas 

meter ing f a c i l i t i e s .  It w i l l  ma in ta in  bo th  hydrocarbon 
6 3 and water dew p o i n t  c o n t r o l  and f l o w  o f  30.5 X 10 Sm /day 

9 3 w i t h  an annual d e l i v e r y  o f  8.5 X 10 Sm . 



2.2 Phase I1 - Construction to be completed by 1978 

Basically, the Norwegian zone adds approximately twenty 

four (24) gas wells, related platform production equipment 
and additional processing facilities within the shore 

terminal complex to the system. The second 32 inch pipe 

line parallels the first line and utilises the previously 

completed intermediate platform for pig receiving, launching 

and future compression. It is designed for maximum daily 
6 3 flow of 30.5 X 10 Sm /day with an expected average daily 
6 3 flow of 23.5 X 10 Sm /day, or an annual delivery of 

9 3 approximately 8.5 X 10 Sm . 

2.3 Phase I11 - Construction to be completed after 1978 

Frigg Field gas pressure will start declining about this 

time. To maintain pipeline inlet pressure, it will then 

be necessary to install a compressor station at the 

treatment platform. To increase pipeline throughput, a 

compressor station will have to be installed on the 

intermediate platform. The system will have a maximum 
3 daily flow of 83 X 106 Sm /day with an expected average 

6 3 flow of 61 X 10 Sm /day or an annual system delivery of 
9 3 approximately 23 X 10 Sm . 

2.4 Program Changes 

Due to a large number of factors, the above program was 

not met as of the time of this writing i.e. late 1976 - 
early 1977. Also for various reasons, the second pipeline 

was started in construction during the 1975 construction 

season. 

It now appears that construction will be such that both 

32 inch pipelines, the shore terminal and other required 

facilities will be completed allowing gas deliveries to 

commence mid or late 1977. A determining factor in the gas 
deliverability of the project is expected to be the number 

of wells completed and available. 
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3.0 FIELD FACILITIES 

The facilities provided at the Frigg Field were designed by 

others and in summary consist of : 

3.1 Drilling Production Platforms, CDP 1 and DP 2 

CDP 1 is constructed of concrete with a perforated caisson 
known as the Jarlan wall. It was installed in the U.K. zone 

the 1st September 1975 and was built by Howard Doris in 

Norway. A major design feature is the central shaft which 

permits dry access to the riser pipes for maintenance 

during the productive life of the field. 

Platform DP 2 is a steel fabricated platform and was 

installed the 11th May 1976 in the Norwegian zone to allow 

the development of gas wells for its zone. The two platforms 

are installed about 1.4 kilometers apart. It is intended 

that as many as 24 wells will be drilled and controlled from 

each platform. The wells are completed with production 

tubing of 7 5/8 inch diameter with a maximum deviation angle 

of 35O. 

3.2 Treatment Platforms TP 1 and TCP 2 

Treatment and future compression of the collected gas will 
be done on these two platforms before the gas is introduced 

into the conveying pipelines. TP 1 is a concrete structure 

with two columns and was built by Sea Tank Company. At the 
base of the platform is a concrete caisson about 230 feet 
on each side and 128 feet high. Two columns rise 272 feet 
above the base and support t steel deck and gas treatment - 
compression platform which also incorporates a helicopter 

deck. The platform was installed the 5th of June 1976, after 

a 900 mile tow, in the British zone. Gas to and from the 

platform is Phase I gas i.e. gas from the United Kingdom 
zone which is transported ashore by the first 32 inch 
pipeline. 



TCP 2  i s  a l s o  a  c o n c r e t e  s t r u c t u r e  b u t  c o n s i s t s  o f  f o u r  

columns, t o  b e  i n s t a l l e d  i n  t h e  Norwegian zone f o r  gas 

f r o m  t h a t  zone and t o  p r o v i d e  gas t o  t h e  second 32 i n c h  

p i p e l i n e .  

3.3 F low L i n e s  

Each d r i l l i n g  p r o d u c t i o n  p l a t f o r m  i s  connected t o  i t s  

t r e a t m e n t  p l a t f o r m  by  two 26 i n c h  f l ow  l i n e s .  I n  a d d i t i o n  

t h e r e  a r e  v a r i o u s  4,  6, 8 i n c h  l i n e s  f o r  gas condensate,  

wa te r  e t c .  between t h e  p l a t f o r m s .  

TP 1 t r e a t m e n t  p l a t f o r m  has a  24 i n c h  f l o w  l i n e  t o  t h e  

f l a r e  s t a c k  f o r  f l o w i n g  o f  gas when r e q u i r e d  by  abnormal 

c o n d i t i o n s .  

3.4 F l a r e  S tack  

The f l a r e  s t a c k  i s  a  s t e e l  f a b r i c a t e d  s t r u c t u r e  which was 

i n s t a l l e d  t h e  1 2 t h  o f  October  1975. It i s  l o c a t e d  500 meters  

f r o m  TP 1 and w i l l  b u r n  gas and condensate i n  t h e  event  

abnormal o p e r a t i o n s  make t h i s  necessary.  The s t a c k  i s  

connected by  one 24 i n c h  f l ow  l i n e  t o  t h e  t r e a t n e n t  p l a t f o r m  

TP 1. 

3.5 Q u a r t e r s  P l a t f o r m  

A s i n g l e  q u a r t e r s  p l a t f o r m  i s  p r o v i d e d  t o  se rve  t h e  e n t i r e  

f i e l d .  It i s  a  s t e e l  f a b r i c a t e d  p l a t f o r m  des igned w i t h  

f a c i l i t i e s  f o r  120 peop le .  The f a c i l i t i e s  c o n s i s t  o f  l i v i n g  

q u a r t e r s ,  o f f i c e s ,  l a b o r a t o r i e s ,  workshops, r a d i o  c o n t r o l  

rooms and one h e l i d e c k  f o r  h e l i c o p t e r s .  The p l a t f o r m  was 

i n s t a l l e d  t h e  1 5 t h  o f  J u l y  1975. A s t e e l  causeway about 

100 meters  l o n g  connects  t h e  q u a r t e r s  p l a t f o r m  t o  TP 1 and 

TP 1 i s  connected t o  TCP 2 by  a  s i m i l a r  100 meter  l o n g  

causeway. F i g u r e  3.2.1 shows t h e s e  f a c i l i t i e s  and t h e i r  

i n t e r r e l a t i o n s h i p s .  
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I I LAYBARGE BAR 324 WITH PIPE SUPPLY BOAT ALONGSIDE 



4.0 PIPELINE - FRIGG FIELD TO ST. FERGUS, SCOTLAND 

4.1 P i p e l i n e  D e s c r i p t i o n  

F r i g g  F i e l d  product ion,  c o n s i s t i n g  o f  na tu ra l  gas and a  

smal l  amount o f  condensate, w i l l  be t ranspor ted  t o  shore 

by means o f  two p ipe  l i n e s  each o f  32 i nch  ou ts ide  

diameter. The two p i p e l i n e s  f o l l o w  p a r a l l e l  rou tes ,  

approximately 70 meters apar t ,  between F r i g g  F i e l d  and 

S t .  Fergus on the  Nor th  East S c o t t i s h  coast.  Water depths 

exceed 100 meters along more than 80 % o f  t h e  r o u t e  

and i n  some places reach 150 meters. The l eng th  o f  

t h e  f i r s t  p i p e l i n e  (Phase 1 )  amounfs t o  361 k i lometers  

(228 m i l es )  w h i l e  t h e  second p i p e l i n e  i s  363 k i lometers  

(229 m i l es ) .  The p i p e l i n e s  a re  nominal ly  r e f e r r e d  t o  as 

364 k i lometers  (230 m i l e s )  i n  l eng th  and are shown i n  

F igu re  4.1.1. 

As a  r e s u l t  o f  t h e  long  d is tance,  an in te rmed ia te  p l a t f o r m  

i s  l oca ted  approximately hal f-way between F r i g g  F i e l d  and 

S t .  Fergus, thus p e r m i t t i n g  t h e  i n s t a l l a t i o n s  o f  p i g  

rece ivers ,  l i q u i d / g a s  separators and subsequent compression 

f a c i l i t i e s .  The r e g u l a r  c lean ing  o f  t h e  l i n e s ,  when needed 

t o  ma in ta in  pipe1 i n e  e f f i c i e n c y ,  w i l l  r e q u i r e  t h e  launching 

o f  c lean ing  p igs  which cannot t r a v e l  t h e  f u l l  d is tance 

w i thou t  t h e  r i s k  o f  excessive wear. 

The maximum continuous opera t ing  pressure f o r  t h e  p i p e l i n e  

and t h e  in te rmed ia te  p l a t f o r m  i s  2160 ps ig  (147.9 bars 

absolute) .  

However, t h e  shore te rmina l  has a  maximum continuous 

opera t ing  pressure of 800 ps ig  and i s  p ro tec ted  by pressure 

c o n t r o l  and s a f e t y  valves a t  t h e  entrance t o  t he  te rmina l .  
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When opera t ing  a t  t h e  maximum pressure o f  2160 ps ig ,  
6  3  the  maximum d a i l y  f l o w  i s  30.5 X 10 Sm /day f o r  each 

6  3 p i p e l i n e ,  represent ing  a  t o t a l  p roduct ion  o f  61 X 10 Sm /day 

w i thou t  compression. 

When a  144,000 horsepower compressor s t a t i o n  i s  i n s t a l l e d  

on t h e  in te rmed ia te  p l a t f o r m  (Phase 111) , f l o w  increases t o  
6  3  6  3  41.5 X 10 Sm /day per  l i n e ,  a  t o t a l  o f  83 X 10 Sm /day. 

Compression would a l so  be requ i red  a t  F r i g g  t o  main ta in  

p i p e l i n e  i n l e t  pressure due t o  gas r e s e r v o i r  pressure dec l i ne .  

A t  t h e  S t .  Fergus te rmina l ,  f a c i l i t i e s  a re  prov ided t o  

separate l i q u i d  condensate from t h e  gas, t r e a t  the  gas 

f o r  hydrocarbon dew p o i n t  con t ro l ,  s t a b i l i z e  t h e  condensate 

a f t e r  separat ion,  and custody t r a n s f e r  metering. Admin i s t ra t i ve  

and techn ica l  f a c i l i t i e s  a re  a l s o  included. 

4.2 M a t e r i a l s  

The p ipe  se lec ted  f o r  t h e  submarine p i p e l i n e  has been 

manufactured i n  accordance w i t h  s p e c i f i c a t i o n  

A P I  5LX 65. The h igh  y i e l d  s t reng th  o f  65,000 p s i  i s  

needed t o  w i ths tand t h e  h igh  st resses r e s u l t i n g  from 

cons t ruc t i on  procedures i n  moving p ipe over the  

l a y  barge s t i n g e r  and t o  t h e  sea bottom. The s t e e l  i s  

a  low carbon equ iva len t  r e s u l t i n g  i n  w e l d a b i l i t y  

w i thou t  pre-heat ing and w i thou t  in te r -pass  heat ing. 

4.2.2 Concrete Coat inq  

The concrete weight coat ing  app l ied  t o  the  p ipe  i s  i n  

var ious thicknesses t o  p rov ide  p i p e l i n e  s t a b i l i t y .  

V a r i a t i o n  i n  th ickness  i s  due t o  v a r i a t i o n  i n  sea 

bottom s o i l  composit ion and sea bottom cur ren t .  

P ipe f o r  i n s t a l l a t i o n  from the  coast  t o  approximately 

12 k i lometers  o f f sho re  requ i res  4 5/8 inches 

(11.75 cent imeters)  t h i c k  concrete coat ing  f o r  

s t a b i l i t y  due t o  t h e  h igh cu r ren t  v e l o c i t y  along the  

coast. 



As t h e  p i p e l i n e  i s  l a i d  seaward, t h e  requ i red  

concrete coat ing  th ickness  f o r  s t a b i l i t y  decreases 

s ince  sea cu r ren t  v e l o c i t i e s  are l ess  f a r t h e r  

from the  shore. The minimum concrete th ickness i s  

1 7/8 inches (48 m i l l i m e t e r s ) .  F igure  4.2.1 

i l l u s t r a t e s  concrete coat ing  s e t t 1  i n g  w i t h  cur ren t .  

To make c e r t a i n  t h a t  t h e  concrete does no t  separate 

from t h e  p ipe  dur ing  the  l a y i n g  opera t ion  and t o  

a l so  make c e r t a i n  t h a t  t h e  concrete coat ing  can 

wi thstand blows from t r a w l e r  f i s h i n g  boards, t h e  

concrete coat ing i s  re in fo rced  w i t h  s t e e l  bars. 

Where t h e  thickness o f  the  concrete coat ing i s  

above 1 7/8 inches (48 m i l l i m e t e r s ) ,  saw cuts are 

made every 3  f e e t  (90 cent imeters)  t o  improve 

f l e x i b i l i t y  o f  the coated p ipe du r ing  t h e  laying. 

operat ion.  

The concrete alone has a  nominal dens i ty  of 

190 pounds per cubic f o o t .  The  dens i ty  o f  the  coated 

p i p e l i n e  va r ies  depending on t h e  th ickness o f  t h e  

app l ied  concrete and by s p e c i f i c  g r a v i t y  va r i es  from 

1.16 min. t o  1.60 max. 

4.2.3 Corrosion P ro tec t i on  

Corros ion p r o t e c t i o n  i s  prov ided by the  a p p l i c a t i o n  

o f  a 3/16 i nch  thickness o f  bitumen and f i b r e  glass 

coat ing  t o  t h e  ou ts ide  o f  the  pipe. This coat ing  

e l e c t r i c a l l y  i nsu la tes  the  p ipe wh i l e  t h e  attachment 

o f  s a c r i f i c i a l  z i nc  anodes g ives t h e  p ipe a  negat ive 

p o l a r i t y .  The anodes are 610 k i logram b race le t s  

attached t o  t h e  p i p e l i n e  every four teenth  j o i n t  

(170 meters) and are designed t o  p r o t e c t  the  p i p e l i n e  

f o r  twenty years. F igu re  4.2.3 i l l u s t r a t e s  the  z i n c  

anodes. 
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4.2.4 Buckle A r res to rs  

Buckle a r res to rs  are 36 i nch  outs ide  diameter 

s t e e l  sleeves 1.83 meters long, which are pos i t ioned 

on every four teenth  p ipe j o i n t  when the  l a y i n g  

depth i s  g rea ter  than 107 meters. Seven j o i n t s  

separate each anode and buckle a r res to r .  The 

purpose o f  these buckle a r res to rs  i s  t o  reduce the  

length  o f  damaged p ipe by l i m i t i n g  t h e  propagation 

o f  a  buckle r e s u l t i n g  from excessive stresses 

app l ied  t o  t h e  p ipe  dur ing t h e  l a y i n g  operat ions.  

F igures  4.2.2 and 4.2.3 i l l u s t r a t e  buckles and 

ar res tors .  

4.3 Pipe1 i n e  Construct ion Method and Equipment 

4.3.1 Laying Method 

Approximately 80 7: o f  t h e  two l i n e s  i s  l a i d  

i n  water depths between 100 and 150 meters. This 

requ i res  the  use o f  the "S"  Bend Pipe Laying 

Technique as shown i n  F igure  4.3.1. 

Laying a  32 i nch  outs ide  diameter p i p e l i n e  i n  these 

depths i s  d i f f i c u l t ,  due t o  t h e  long sec t ion  of 

unsupported p ipe  between the  end of the barge s t i n g e r  

and t h e  sea bottom. This unsupported sec t i on  o f  p ipe  

can be as long as 250 meters when l a y i n g  i n  water 

depths o f  150 meters and imparts a  h igh  tens ion  i n  

t h e  p ipe and s t i nge r .  Barge movements due t o  wave 

a c t i o n  increase the  stresses and u l t i m a t e l y  w i l l  

buckle the  p ipe and s t i nge r .  F igure  4.3.1 a l so  shows 

the v a r i a t i o n  i n  bending moments along the  S bend. 

Sa fe l y  l a y i n g  p ipe i n  t h i s  depth o f  water necesssi tates 

sea cond i t ions  w i t h  wave and swel l  he ights o f  l ess  

than 2 1/2 t o  3  meters. When these cond i t ions  are  

exceeded, p ipe  l a y i n g  must stop and the  l i n e  must 

be l a i d  on the bottom u n t i l  sea cond i t ions  improve. 
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The a rea  i n  t h e  N o r t h  Sea i n  which t h e  F r i g g  

F i e l d  t o  S c o t l a n d  p i p e l i n e  i s  b e i n g  l a i d  has 

extreme h o s t i l e  weather c o n d i t i o n s  and a l l o w s  p i p e  

t o  be l a i d  o n l y  between May and October.  Even then,  

about 50 % non- lay  t i m e  due t o  excess ive  weather  

c o n d i t i o n s  and barge r e p a i r  a r e  exper ienced. 

As a  r e s u l t  o f  t h e  f o r e g o i n g ,  p i p e l a y i n g  has been 

scheduled over  a  t h r e e  y e a r  p e r i o d ,  A p r i l  t o  

November each y e a r .  

4.3.2 Laybarges 

Each laybarge  operates c o n t i n u o u s l y  around t h e  

c l o c k ,  24 hours p e r  day, and i s  a t tended  b y  a  f l e e t  

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

hand1 i n g  o f  anchors ,  barge p o s i t i o n i n g ,  p i p e  supp ly ,  

f u e l  o i l ,  wa te r  supp ly  and personnel  movement. Over 

200 persons a r e  r e q u i r e d  on each barge f o r  o p e r a t i o n s .  

The laybarges  used were : 

Brown & Root BAR 324 

T h i s  l a y b a r g e  i s  a  c o n v e n t i o n a l  t y p e  laybarge ,  

400 f e e t  l o n c ,  100 f e e t  w ide,  30 f e e t  deep, equipped 

w i t h  a 250 ton  crane,  a  s e m i - a r t i c u l a t e d  s t i n g e r  

and 10 anchors.  I t  has a  s i d e  p r o d u c t i o n  l i n e  w i t h  

au tomat i c  we ld ing  equipment and i s  shown i n  F i g u r e  

4.3.2. 

Barge LB 27 f rom Oceanic C o n s t r u c t o r s  

Oceanic 's  p a r e n t  company i s  McDermott Co. The barge 

i s  o f  s i m i l a r  d e s i g n  t o  BAR 324 : 42C f e e t  l ong ,  

128 f e e t  wide, 28 f e e t  deep, equipped w i t h  a  65 t o n  

crane,  a  s e m i - a r t i c u l a t e d  s t i n g e r  and 12 anchors.  

It has a  c e n t r e  p r o d u c t i o n  l i n e  w i t h  au tomat i c  we ld ing  

equipment and i s  shown i n  F i g u r e  4.3.3. 



E.T.P.M. 1601 

T h i s  i s  a  s e l f  p r o p e l l e d  l a y  s h i p  o f  an e n t i r e l y  

new des ign.  She i s  a t  p r e s e n t  one o f  t h e  l a r g e s t  

vesse ls  des igned  f o r  o f f - s h o r e  p i p e l a y i n g .  The 

h u l l  measures 607 f e e t  l ong ,  115 f e e t  w i d e  and 

50 f e e t  deep. She i s  equipped w i t h  a  1600 t o n  c rane  

and 10 anchors. Her  maindeck a rea  i s  70,000 square 

f e e t  wh ich  i s  s u f f i c i e n t  t o  enab le  h e r  t o  s t o r e  and 

hand le  24 mete r  l o n g  doub le  j o i n t e d  p i p e  t h u s  d o u b l i n g  

t h e  l a y i n g  r a t e .  I n  1975 a  r i g i d  s t i n g e r  and 

a u t o m a t i c  w e l d i n g  equipment were i n s t a l  led .  She has  

a  c e n t r e - s l o t  p r o d u c t i o n  l i n e  as shown i n  F i g u r e  4.3.4. 

A p i p e l i n e  s u p p o r t  o r  s t i n g e r ,  w i t h  c o n t r o l l e d  

buoyancy, wh ich  i s  f i x e d  a t  t h e  s t e r n  end o f  t h e  

barge and des igned t o  s u p p o r t  t h e  s e c t i o n  o f  p i p e  

spanning between t h e  barge and t h e  sea f l o o r .  

The "S" bend h e l p s  t o  m i n i m i s e  t h e  c o n s t r u c t i o n  

s t r e s s e s  and keep them w i t h i n  t h e  maximum a l l o w a b l e  

c o n s t r u c t i o n  s t r e s s  o f  80 % o f  t h e  y i e l d  s t r e n g t h .  

S t i n g e r s  a r e  a  f a b r i c a t e d  s t e e l  t u b e  s t r u c t u r e  as 

l o n g  as 110 meters .  A r i g i d  s t i n g e r  i s  one con t inuous  

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

o f  s e v e r a l  s e c t i o n s  h inged  t o g e t h e r  t o  a l l o w  movement. 

The s t i n g e r s  a r e  t h e  weakest p a r t  o f  t h e  l a y i n g  

equipment and a r e  e a s i l y  damaged making i t  necessary  

t o  a lways have a  spare  s t i n g e r  as back-up. 

Tens ioners  

A t e n s i o n i n g  system o f  2  o r  3 t e n s i o n e r s  g r i p  t h e  

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

p i p e  up t o  80/90 t o n s  as t h e  p i p e  passes o v e r  t h e  

s t i n g e r .  T h i s  t e n s i o n  i s  due t o  t h e  w e i g h t  o f  t h e  p i p e  

e x t e n d i n g  from t h e  ba rge  t o  t h e  sea f l o o r ,  t h e  l e n g t h  

o f  wh ich  can amount t o  250 meters .  
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Pipel ine Rame 

A mul t i -s ta t ion p ipe l ine ramp o f  100 meters length 
which leads t o  the s t inger  includes a bevel l ing 

station, alignment and 5 t o  6 automatic o r  manual 

welding stations, an X-Ray station, post heat 

s ta t ion  and a coating station. 

Barge Movement 

Ten t o  twelve winch operated anchors move the 

barge ahead i n  40 fee t  o r  80 fee t  increments upon 

completion o f  the welding operation. Movements 

t o  and f run  por t  require tugs except f c r  ETPM ships 

which are self-propelled. Tugs are also required 

f o r  movement o f  the anchors. 

Addit ion Equipment 

Each barge also has : 
Cranes and davi ts 

Saturation d iv ing  equipment 

Pipe and material storage areas 

He1 ideck, l i v i n g  quarters, workshops, 

Posi t ioning equipment etc. 

Dai ly  Lay Rate 

The d a i l y  lay ing rate, weather permitting, i s  

influenced by the type o f  barge, the welding 
procedure and the use o f  s ingle- jo inted o r  double- 

jo in ted  pipe. This r a t e  ranges from 1500 to 
3000 meters. The E.T.P.M. ship i s  least  affected 

by wave action, the Brown & Root barge i s  most 

affected and the Oceanic barge i s  between the two. 

This var ia t ion i s  due t o  displacanent and t o  

locat ion o f  p ipe l ine ramp (side o r  center). 

During the lay ing  seasons o f  the  past tuo years, 

1975 and 1976, weather standby amounted t o  37 % o f  
the time. Downtime f o r  repairs was j u s t  over 5 % 

whi le  for other operations i t amounted t o  almost 

18 %. The remaining 40 % was spent i n  laying. 
These f igures are f o r  the BAR 324 and the LB 27 only. 
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4.4 P i p e l i n e  C o n s t r u c t i o n  Procedure 

4.4.1 Normal L a y i n q  

When a  w e l d i n g  sequence i s  completed : 

a)  t h e  barge i s  moved f o r w a r d  t h e  l e n g t h  o f  a  p i p e  

s e c t i o n  b y  t a k i n g  up t e n s i o n  on t h e  bow anchor 

winches w i t h  s imul taneous c o n t r o l  o f  t h e  

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

s u f f i c i e n t  t e n s i o n .  The p i p e  s e c t i o n  ( s i n g l e  o r  

double  l e n g t h )  i s  b rough t  i n t o  p o s i t i o n  a t  

each o f  t h e  p i p e  s t a t i o n s .  

b )  A new l e n g t h  o f  p i p e  e n t e r s  t h e  sequence and 

i s  i n i t i a l l y  b e v e l l e d  f o r  we ld ing .  

c )  The new p i p e  i s  l i n e d - u p  and clamped t o  t h e  

l a s t  p i p e  i n  t h e  sequence and t h e n  i s  ready 

f o r  we ld ing .  

d) Welding i s  s i m u l t a n e c u s l y  conducted by t h e  f i v e  

s t a t i o n s  on f i v e  j o i n t s  : 

S t a t i o n  1 : I n t e r n a l  Root Pass & E x t e r n a l  Hot Pass 

S t a t i o n  2 : F i r s t  F i l l e r  Pass 

S t a t i o n  3 : Second F i l l e r  Pass 

S t a t i o n  4 : T h i r d  F i l l e r  Pass 

S t a t i o n  5 : Cap Pass 

e) X-Ray examina t ion  i s  conducted a t  s t a t i o n  6 

f )  P o s t - h e a t i n g  and p r i m i n g  o f  t h e  welded j o i n t  i s  

performed a t  s t a t i o n  7 .  

g )  M a s t i c  i s  poured i n t o  an aluminium f o r m  a t  

s t a t i o n  8 t o  cover  t h e  welded j o i n t  t o  t h e  same 

t h i c k n e s s  as t h e  concre te  c o a t i n g .  The a lumin ium 

f o r m  i s  n o t  removed. 

The t o t a l  c y c l e  v a r i e s  f rom 6 t o  12 m i n u t e s .  



4.4.2 Weather Limitations 

The unsupported section of pipe coming off the 

s t inger  and the s t inger  are subjected t o  various 

s t resses  which are acceptable only when the sea 

conditions of amplitude and frequency of waves and 

swell do n o t  reach the limiting conditions. 

When amplitude exceeds 2 1/2 t o  3 meters, the  laying 

operations must be shut down. The end of the  pipe 

section i s  then covered w i t h  a welded cap equipped 

w i t h  a l i f t i n g  eye and a cable and the  pipe i s  l a id  

on the  sea bottom unt i l  sea conditions improve. 

The operations can be resumed b u t  recovery of the 

abandoned pipe requires much be t te r  sea conditions 

than those acceptable fo r  the regular laying 

operations and swell amp1 i tude should n o t  exceed 

2 meters. 

The E.T .P .M.  lay ship can work i n  somewhat rougher 

weather than the lay barges. 

4.4.3 Automatic Welding 

The automatic welding allows 30 % greater  welding 

ra tes  than manual welding, thus increasing the laying 

r a t e  by the same proportion. C . R . C .  automatic welding 

procedure i s  used on a l l  3 barges. 

4.4.4 Double Jo in t inq  

The pipes are double jointed in Invergordon. 

Barge E . T . P . M .  1601's handling and storage capacit ies 

are suf f ic ien t  t o  handle double jointing.  The daily 

cost  of the E.T.P.M. lay ship i s  higher than the  

conventional barges b u t  she maintains be t t e r  production 

ra tes  since she can lay double jo in t s  in somewhat 

rougher weather. 



4.4.5 Shore Approach 

The l a y i n g  technique near t h e  shore d i f f e r s  from 

t h e  one used on t h e  h igh  seas. Shallow depths and 

h igh  v e l o c i t y  coasta l  cur ren ts  make necessary t h e  

use o f  heavy coated p ipe w i t h  a h igher  negat ive 

buoyancy and a lso  prevent l a y  barge opera t ion  

near t h e  shore. J e t t i n g  must be made t o  a h igher  

cover i n  o rder  t o  avoid f u t u r e  scour ing o r  

undermining e f f e c t s  which could r e s u l t  i n  s t resses 

i n  t h e  l i n e .  The f i r s t  2000 meters o f  l i n e ,  o f  

which 1500 meters are immersed, were l a i d  by 

p u l l i n g  from t h e  shore as the  p i p e l i n e  was welded 

on board t h e  E.T.P.M. 1601 l a y  ship. Three coupled 

winches induced a maximum tens ion  o f  700 tons on 

t h e  p i p e l i n e  which was f l o a t e d  by buoys f i x e d  a t  

regu la r  i n t e r v a l s .  F igure  4.4.1 shows t h e  winch 

arrangement. 

J e t t i n g  t h e  l i n e  was done us ing  winches on shore 

and on Land & Marine Barge LM Balder t o  move t h e  

j e t  equipment over the  p ipe.  Several passes were 

requi red.  

4.4.6 J e t t i n g  

The p i p e l i n e  i s  normal ly bu r ied  w i t h  one meter of 

cover i n  o rder  t o  avoid being s t ruck  by t r a w l s  

anchors and t o  prevent damage t o  bo th  t raw le rs  and 

p ipe  coat ing. I n  se lected l oca t i ons  t h r e e  meters 

o f  cover was requi red.  

For t h e  f i r s t  1500 meters o f  immersed l i n e  s t a r t i n g  

a t  t h e  shore, t h e  p i p e l i n e  i s  bur ied  t o  a h igher  

cover i n  o rder  t o  avoid scour ing o r  undermining 

e f f e c t s  which cou ld  r e s u l t  i n  excessive s t ress  on 

t h e  l i n e  due t o  h igh  v e l o c i t y  coasta l  cur ren ts .  

J e t t i n g  i s  accomplished by spec ia l  barges equipped 

w i t h  powerful  pumps and a i r  compressors which feed 
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t h r o u g h  hoses i n t o  t h e  j e t  s l e d  towed on t h e  

p i p e .  The wa te r  j e t s  excavate  t h e  d i t c h  w h i l e  t h e  

a i r  j e t s  l i f t  t h e  excavated s o i l .  The p i p e l i n e  t h e n  

sags i n  t h e  j e t t e d  d i t c h  and submarine c u r r e n t s  

comple te  t h e  b a c k f i l l i n g .  F i g u r e  4.4.2 i l l u s t r a t e s  

p i p e  b u r y  equipment. 

4.4.7 Underwater T i e - I n  

The s e c t i o n s  o f  p i p e l i n e  l a i d  on t h e  sea f l o o r  by  

t h e  barges a r e  connected t o g e t h e r  by  means o f  

underwater  t i e - i n s .  About 11 t o  12 subsea connec t ions  

a r e  expected f o r  t h e  2 l i n e s .  

Fo r  s a f e t y  reasons and due t o  t h e  g r e a t  depths and 

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

n o t  used t o  connect  t h e  v a r i o u s  s e c t i o n s  of p i p e l i n e .  

I n s t e a d  i t  was dec ided t o  use s a t u r a t i o n  d i v i n g  and 

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

T a y l o r  D i v i n g  and Comex worked on p e r f e c t i n g  t h i s  

t e c h n i q u e  which i s  c a l l e d  h y p e r b a r i c  we ld ing .  

The p rocedure  c o n s i s t s  of u s i n g  an underwater  h a b i t a t ,  

a c c e s s i b l e  t o  t h e  d i v e r s  who work under hel ium-oxygen 

atmosphere a t  h y d r o s t a t i c  p ressure .  Work done i n  t h e  

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

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

a) c u t t i n g  o f  p i p e s ,  p i p e  c o a t i n g  and end p r e p a r a t i o n  

f o r  we ld ing  

b )  a l i gnment  of c u t s  

c )  manual w e l d i n g  

d )  gammagraphic i n s p e c t i o n  o f  welds 

e )  j o i n t  c o a t i n g .  

D i v e r s  a r e  t r a n s p o r t e d  t o  t h e  h a b i t a t  i n  d i v i n g  

b e l l s  and a  i a t u r s t i o v  system i s  necessary.  

Opera t ions  a r e  conducted f rom e s p e c i a l l y  equipped 

d e r r i c k  barges such as Hugh Gordon, E.T.P.14. 701 

o r  RFR 323 .  F i g u r e  4.4.3 i l l u s t r a t e s  h y p e r b a r i c  

we ld ing .  

4-11 
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4.4.8 Hyd ros ta t i c  Test  

Each p i p e l i n e  i s  h y d r o s t a t i c a l l y  t es ted  t o  

v e r i f y  t h a t  t h e r e  are  no leaks; t h e  t e s t  pressure 

being 2750 p s i g  measured a t  L.A.T. (Lowest 

Astronomical T ide ) .  

Tes t ing  i s  performed i n  sect ions from the  

in te rmed ia te  p l a t f o r m  t o  t h e  shore te rmina l  and 

from t h e  in te rmed ia te  p l a t f o r m  t o  t h e  product ion  

p lat forms.  Pumps and o the r  requ i red  i tems are  

loca ted on t h e  in te rmed ia te  p la t fo rm.  

A f t e r  f i l l i n g  each sec t i on  w i t h  i n h i b i t e d  sea 

water t h e  pressure i s  s low ly  r a i s e d  t o  t h e  t e s t  

pressure, a1 lowed t o  s t a b i l i z e ,  repressured i f  

necessary, and then he ld  f o r  24 hours. 

I f  t e s t i n g  i s  done before  complete bury ing  t h e  

pipe1 ines  , t h e  Norwegian regu la t i ons  r e q u i r e  t h a t  

t h e  l i n e  be r e t e s t e d  t o  2376 p s i g  (maximum opera t ing  

pressure p lus  10 % )  f o r  an 8 hour per iod.  

Regulat ions o f  t h e  Un i ted  Kingdom do no t  r e q u i r e  

s i m i l a r  ac t ion .  
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e) Water b a l l a s t i n g  f o r  grounding a t  minus 94 meters. 

f )  Sand b a l l a s t i n g  t o  ensure f i n a l  s t a b i l i t y  on sea 

f l o o r .  

g) P u l l - i n  o f  the  p ipe l i nes .  

h)  Completion o f  deck equipment i n s t a l l a t i o n  by t h e  

d e r r i c k  crane and dismounting o f  same. 

The temporary u t i l i s a t i o n  o f  a  d e r r i c k  crane avoids 

the  use o f  a  d e r r i c k  barge f o r  t h e  i n s t a l l a t i o n  o f  

deck equipment. The d e r r i c k  crane i s  a l so  used f o r  

t h e  cons t ruc t i on  o f  t h e  deck proper. 

These steps are i l l u s t r a t e d  i n  F igure  5.2.1. 

5.2.2 P u l l - I n ' s  

During t h e  cons t ruc t ion  and towing operat ions,  tunnels 

and cent re  sha f t  were kept  d r y  by w a t e r - t i g h t  hatches. 

Once the  p l a t f o r m  was immersed and ba l l as ted ,  tunnels 

and s h a f t  were f looded and t h e  l i n e s  p u l l e d  i n t o  the  

tunnels up t o  t h e  s e t  p o s i t i o n .  Seal ing j o i n t s  were 

then i n f l a t e d  and t h e  tunnels and cent re  s h a f t  were 

dewatered by pumps. Water t igh tness  was ensured by 

Polyurethane i n j e c t i o n  w i t h  the  p ipe  ends being 

anchored and then welded t o  t h e  r i s e r s .  The caisson 

and waterproof seal i s  shown i n  F igure  5 .2 .2 .  

The p u l l - i n  o f  l i n e  one, south o f  t h e  p l a t f o r m  was 

accomplished w i t h  a winch on t h e  deck o f  t h e  p lat form. 

As p ipe  was welded together  on a  l a y  barge, the  deck 

mounted winch p u l l e d  i t  i n t o  the  p la t fo rm tunnel .  

The o the r  th ree  l i n e s  were welded together  on board 

a  l a y  barge and lowered t o  t h e  sea bottom i n  lengths 

o f  about 700 meters, one f o r  each l i n e .  Each length  

was connected by l i n e  t o  a  towing vessel which p u l l e d  

t h e  sec t ion  t o  t h e  mouth o f  a  tunne l .  Here t h e  tow 

l i n e  wes disconnected and t h e  p u l l i n g  head attached 

t o  t h e  winch l i n e  from the  winch on the  p la t fo rm deck. 



When t h e  p i p e l i n e s  were p u l l e d  i n t o  t h e  tunnels,  t o  

p rev ious l y  arranged s e t  stops, and being observed 

by TV cameras, the  seal was closed, water pumped ou t  

o f  t h e  tunnel  and a  spool p iece  welded which connected 

t h e  r i s e r  t o  t h e  j u s t  p u l l e d  i n  p i p e l i n e .  

F igure  5.2.3 >bows t h e  r o u t e  o f  t h e  l i n e s  immediately 

around the  p la t fo rm.  This  con f i gu ra t i on  made 

placement o f  laybarge anchors c r i t i c a l  and was a  

major reason i n  dec id ing  upon t h e  cons t ruc t i on  method 

f o r  t h e  th ree  l i n e s  i n s t a l l e d  by towing. 
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6.0 SHORE TERMINAL 

The F r i g g  f i e l d  gas p i p e l i n e s  w i l l  t e r m i n a t e  a t  S t .  Fergus,  

40 m i l e s  n o r t h  o f  Aberdeen, Sco t land .  

B r i t i s h  Gas C o r p o r a t i o n  has c o n s t r u c t e d  a  compressor s t a t i o n  

a l o n g  s i d e  t h e  t e r m i n a l .  Here gas w i l l  be r e c e i v e d ,  compressed 

and i n j e c t e d  i n t o  two 3 6  i n c h  p i p e l i n e s  f o r  d e l i v e r y  t o  t h e  

s o u t h  o f  S c o t l a n d .  

The main purpose o f  t h e  t e r m i n a l  i s  t o  process t h e  gas so t h a t  

no l i q u i d  hydrocarbons n o r  l i q u i d  w a t e r  w i l l  f o rm i n  t h e  

B r i t i s h  Gas C o r p o r a t i o n ' s  two 36 i n c h  p i p e l i n e s .  It w i l l  a l s o  

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

6.1  Sphere Rece ive rs  

A  sphere r e c e i v e r  i s  p r o v i d e d  f o r  each p i p e l i n e  t o  

r e c e i v e  and remove spheres.  

6.2 Condensate S e p a r a t i o n  

The f l o w i n g  tempera tu re  o f  t h e  p i p e l i n e  gas w i l l  be 5" C ,  

wh ich f a c i l i t a t e s  t h e  f o r m a t i o n  o f  l i q u i d  condensate and 

s i n c e  F r i g g  gas c o n t a i n s  an average of 6 y a m s  o f  

condensate p e r  c u b i c  meter  o f  gas, some l i q u i d  w i l l  

c o l l e c t  i n  t h e  low  s p o t s  a long  t h e  p i p e l i n e .  The 

remainder  w i l l  e x i s t  i n  t h e  gas phase. The r e g u l a r  passage 

o f  spheres w i l l  r e s u l t  i n  l i q u i d  s l u g s  which w i l l  be 

removed by  t h e  s l u g  c a t c h e r s .  

S l u g  c a t c h e r s  a r e  made of 32 i n c h  p i p e  o f  t h e  same q u a l i t y  

as t h e  p i p e l i n e .  They w i l l  m e c h a n i c a l l y  remove up t o  

3500 b a r r e l s  o f  condensate p e r  l i n e  a t  a  s e r v i c e  p r e s s u r e  

o f  68 t o  148 b a r s  a b s o l u t e .  



6.3 Treat ing  P lan t  

A gas treatment p l a n t  serv ing  two purposes : 

To lower t h e  amount o f  heavy hydrocarbons i n  the  gas i n  

order  t o  ensure a  dew p o i n t  o f  minus 18' C (between 0 and 
60 bars)  i n  conformi ty  w i t h  B.G.C. ' S  requirement. 

To s t a b i l i z e  the  condensates i n  order  t o  t ranspor t  them 

from the  te rmina l .  

6.4 Custody Trans fer  (Meter ing) 

S ta t ions  f o r  measuring and record ing  t h e  f l o w  o f  t r e a t e d  

gas and f o r  measuring and record ing  the  c a l o r i f i c  value 

o f  the  gas. A t  t h i s  p o i n t  gas i s  o f f i c i a l l y  t r a n s f e r r e d  

from the  custody o f  To ta l  O i l  Marine L td .  t o  t h e  custody 

o f  the B r i t i s h  Gas Corporat ion. Measurements performed 

here are t h e  bas is  f o r  payment f o r  gas. 

6.5 Bu i l d ings  

The f o l l o w i n g  b u i l d i n g s  are loca ted a t  the  te rmina l  : 

Terminal c o n t r o l  b u i l d i n g  

Maintenance b u i l d i n g  

Substat ion swi tch  room and generator house 

F i r e  water pumps house, gate house 

U t i l i t i e s  b u i l d i n g  and compressor house 

Metering and ca lo r ime t ry  b u i l d i n g  

P i p e l i n e  con t ro l  centre i n c l u d i n g  con t ro l  rooms, 

Telesuperv is ion and telecommunication rooms, o f f i c e s .  

6.6 Capacity 

The treatment p l a n t  conta ins mul t i -process t r a i n s  ( u n i t s )  

f o r  gas treatment.  Each t r a i n h a s  a  capaci ty  o f  
6 3 15 X 10 Sm /day. F i v e  t r a i n s  are i n s t a l l e d  r e s u l t i n g  i n  

6 3 a  t o t a l  capaci ty  o f  75  X 10 Sm /day. Each p i p e l i n e  can 
6  3 i n i t i a l l y  f low 30.5 X 10 Sm /day o r  a  t o t a l  f o r  the  two 



5.0 MANIFOLD PLATFORM MCP 01 

The 364 kilometer length of the pipelines is too long for 

transmission of pigging equipment without undue risk and an 

intermediate platform is required where pigs would be withdrawn 

and new pigs reinserted. In addition the throughput capability 

of the pipeline can be increased substantially by the installation 

of compression facilities at an intermediate platform. 

The manifold platform MCP 01, which is also referred to as 

intermediate platform, is located at the half-way point along 

the pipeline and is in 94 meters depth of water. 

5.1 Description 

The platform will accommodate facilities required for up 

to 3 large capacity lines. These facilities consist of 

the following installations : 

Scraper traps and slug catchers for receiving scrapers 

(pigs) and liquid condensate (Phase I and 11). 

Compression facilities (Phase I11 and following) which will 

permit the increase of the flowrate capacity of both the 
6 3 32 inch lines by 30 % (41.5 X 10 Sm /day instead of 

6 3 30.5 X 10 Sm /day). 144,000 horsepower in turbine compressors 

are scheduled, but up to 180,000 horsepower can be installed. 

6 to 8 turbo-compressor units of 20,000 to 32,000 horsepower, 

gas cooling, combustion air exhaust and silencing systems 

and fuel gas facilities are expected to be installed in the 

future. 

The platform selected is 62 meters in diameter and 105 meters 

high. It is a barrel concrete structure designed by C.G. Doris 

and includes a Jarlan breakwater wall in the wave zone area. 



I t s  c i r c u l a r  base i s  102 meters i n  diameter and i s  a lso  

equipped w i t h  a J a r l a n  w a l l  o f  15 meters h igh  i n  o rder  t o  

avo id  water undermining. It i s  i n s t a l l e d  w i t h  6 r a d i a l  

tunne ls  te rm ina t i ng  a t  a cent re  sha f t  o f  9 meters i n t e r n a l  

diameter where r i s e r s  and var ious p i p i n g  w i l l  be placed. 

The p l a t f o r m  work requ i red  more than 150,000 tons o f  

concrete and s t e e l  r e i n f o r c i n g  w i t h  53,000 tons o f  sand 

b a l l a s t i n g .  

The rec tangu lar  maindeck has an area o f  3600 square meters. 

The south p a r t  i s  assigned t o  the  quar te rs  and scraper 

t raps  p ip ing .  Two 100 ton  p i l l a r  cranes and a r a d i o  mast 

are provided. 

The n o r t h  p a r t  w i l l  be assigned t o  t h e  compressor f a c i l i t i e s  

w i t h  an upper deck o f  1800 square meters i n s t a l l e d  f o r  t h e  

compressor t r a i n s  t h a t  w i l l  be located above the  gas coo l ing  

f a c i l i t i e s .  The in te rmed ia te  p l a t f o r m  i s  shown i n  F igures 

5.1.1 and 5.1.2. 

5.2 Construct ion 

5.2.1 Const ruc t ion  Sequence 

The sequence o r  progress o f  cons t ruc t i on  were as 

f o l  lows : 

a) Const ruc t ion  o f  the  p l a t f o r m  base up t o  + 18 meters 

i n  a 10 meters deep d r y  dock a t  Ka lv i c ,  Sweden. 

b) Launching o f  the p la t fo rm base and towing t o  deep 

water i n  the  f j o r d .  

c )  Construct ion o f  t h e  p l a t f o r m  by means of a 

s l i p f o r m i n g  technique, mounting of a d e r r i c k  crane 

and o f  r i s e r s .  Progressive b a l l a s t i n g  i n  o rder  t o  

main ta in  a maximum 68 meters d r a f t .  Loading o f  

2000 tons o f  equipment modules, cranes, pumps e tc .  

d) Towing o f  t h e  s t r u c t u r e  from K a l v i c  t o  i t s  f i n a l  

l o c a t i o n  by a 45,000 horsepower f l e e t  o f  t ug  boats. 



SHORE TERMINAL 

I 



6 3 lines of 61.0 X 10 Sm /day. The addition of compression 

on the pipelines would increase the flow to 
3 6 3 41.5 X 106 Srn /day or 82.0 x 10 Sm /day. Thus an 

additional train would be required when compression is 

added (Phase 111). 



7.0 TELECOMMUNICATIONS 

Since o f f - sho re  f a c i l i t i e s  are a  considerable d is tance from 

shore and opera t ing  cond i t ions  and product ion  r a t e s  vary 

according t o  demand, i t  i s  necessary t o  have a  permanent and 

r e l i a b l e  telecommunication system between the  opera t ing  f i e l d ,  

t h e  in te rmed ia te  f a c i l i t i e s  and the  gas treatment and d e l i v e r y  

te rmina l .  

Due t o  the  great  d is tance and t o  t h e  capac i ty  and r e l i a b i l i t y  

requ i red ,  a  system o f  t rans  hor izon h e r t z i a n  s igna ls  i n  

t ropospher ic  s c a t t e r i n g  was selected s ince i t  met a l l  

requirements. 

Each p l a t f o r m  t o  be served w i l l  be equipped w i t h  2 pa rabo l i c  

antennae 7 meters i n  diameter (quadruple d i v e r s i t y )  a t  a  

2.6 GHz frequency w i t h  a  r e l i a b i l i t y  around 99.9 %. 

I n  order  t o  ensure complete r e l i a b i l i t y  o f  the  connections and 

reduce downtime due t o  equipment f a i l u r e ,  the B r i t i s h  Post 

O f f i c e  (B.P.O.) in ter-connected the  F r i g g  and in te rmed ia te  

p1 a t fo rm l inks  w i t h  the  VHF microwave l inks  serv ing t h e  

p la t fo rms o f  t h e  Occidental  and Mobi l  companies. The general 

network i s  i nd i ca ted  on t h e  schematic F igu re  7.0.1. 

MCP-01 p l a t f o r m  w i l l  be equipped w i t h  : 

VHF r a d i o  l i n k s  f o r  boats 

HF back-up rad io  l i n k  

VHF r a d i o  l i n k s  f o r  he l i cop te rs  

A superv is ion  radar  

Local connections by w a l k i e - t a l k i e .  
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ROUTE SELECTION AND MARINE SURVEY 



8.0 ROUTE DESCRIPTION 

The p i p e l i n e s  begin a t  t reatment  p la t fo rms TP 1 and TCP 2 

whose coordinates are  approximately : 59' 5 2 '  48" N l a t i t u d e ,  

02" 0 4 '  01" E longi tude.  The l i n e s  proceed southwest t o  

t h e  man i fo ld  p l a t f o r m  : 58' 49 '  39"  N l a t i t u d e ,  00' 1 7 '  12'' W 

long i tude,  and then southwest t o  an of fshore p o i n t  a t  

57" 3 4 '  44" N l a t i t u d e ,  01' 49 '  32" W long i tude.  There t h e  

shore approach p i p i n g  connects i t  t o  t h e  shore te rmina l  p i p i n g .  



9.0 MARINE SURVEY 

9.1 D e s c r i p t i o n  o f  Survey Equipment 

Survey ing  was conducted a lmost  c o n t i n u o u s l y  depending 

on weather and o t h e r  f a c t o r s .  The f o l l o w i n g  were t y p i c a l  

o f  t h e  equipment and were used i n  1975-1976. 

Survey Vessel 

The vesse l  employed f o r  t h e  p i p e l i n e  r o u t e  survey was 

t h e  M/V  "Sperus", b u i l t  i n  1939 as a tw in-screwed 

l i g h t h o u s e  tender .  I n  s i z e  she i s  210 f e e t  l ong ,  

36 f e e t  beam, 13 f e e t  draught  w i t h  a g ross  tonnage o f  

922 and a n e t  tonnage o f  299. She was equipped w i t h  

gyrocompass and au tomat i c  p i l o t ,  w i t h  a Decca 350 TS 

t r a c k p l o t t e r  and has two Decca Main  Chain r e c e i v e r s .  

P o s i t i o n i n g  

"Sperus" was equipped w i t h  Decca H i - F i x  r e c e i v e r s  s e t  on 

n o r t h  S c o t t i s h  Cromarty chain.  T h i s  c h a i n  g i v e s  a 
t 

r e p e a t a b l e  accuracy o f  - 45 m near  F r i g g  area i n c r e a s i n g  
t 

t o  10 m near  t h e  coast  and h e a v i l y  dec reas ing  when very 

c l o s e  t o  shore ( w i t h i n  a few m i l e s )  due t o  landpa th  

i n t e r f e r e n c e  (where Decca range-range t r i s p o n d e r  system 

was adopted) .  " H i - F i x "  i s  a f f e c t e d  by sky-waves and i s  

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

Echo Sounder 

The echo sounder employed was an A t l a s  s t r a i g h t  l i n e  

r e c o r d i n g  echo sounder t y p e  DES0 10. The echo sounder 

measures t h e  dep th  o f  t h e  s e a - f l o o r  d i r e c t l y  beneath 

t h e  vesse l .  T h i s  echo sounder can o p e r a t e  on two 

f requenc ies  s i m u l t a n e o u s l y  (30 kHz and 210 kHz). I t 

has 4 ranges, each o f  18 sca les ,  ze ro  t o  1,400 meters .  



+ 
I t s  accuracy i s  - 5 cent imeters a t  600 soundings per  

+ 
minute t o  20 cent imeters a t  150 soundings per minute. 

A l l  soundings were reduced t o  Lowest Astronomical T ide 

according t o  Admi ra l ty  t i d e  tab les .  

Side Scan Sonar 

The s ide  scan sonar employed was an E.G. & G. dual channel 

M K  1B along w i t h  an E.G. & G 259 Recorder. The s ide  scan 

sonar instrument c a l l e d  a  " f i s h "  i s  towed as tern  t h e  

vessel,  near t h e  bottom and y i e l d s  a  sonar p i c t u r e  o f  t h e  

sea - f l oo r  f o r  500 f e e t  on e i t h e r  s ide  o f  t h e  s h i p ' s  rou te .  

Th is  i s  use fu l  f o r  d i s t i n g u i s h i n g  cables, exposed wrecks 

o r  p ipe l i nes ,  sandwaves and o ther  fea tures  and g ives 

i n fo rma t ion  about t h e  nature o f  t h e  sea f l o o r .  This  

equipment can achieve a  r e s o l u t i o n  i n  d is tance o f  as 

l i t t l e  as 30 cent imeters. 

S t r a t i g r a p h i c  Recorder 

The s t r a t i g r a p h i c  recorder  employed was an E.G. & G 254 

recorder  w i t h  E.G. & G 232 "boomer" and 267 "sparker" 

t r i g g e r  bank. The s t ra tog raph ic  recorder  cons is ts  o f  a  

towed s l e d  c a r r y i n g  the  transducer which emits s igna ls  

t h a t  a re  r e f l e c t e d  by t h e  sea - f l oo r  and sub sea- f loor  

s t r a t a .  These are  received by a  towed hydrophone which 

passes the  s igna ls  t o  a  recorder  which p r i n t s  ou t  a  

p i c t u r e  o f  the sea- f loor  and subs t ra ta  on a  moving r o l l  

of paper. The "boomer" t r i g g e r  bank has a  penet ra t ion  o f  

about 75 meters and aa approximate r e s o l u t i o n  o f  about 

0.4 meters. The "sparker" t r i g g e r  bank has a  pene t ra t i on  

o f  about 150 meters and a  r e s o l u t i o n  o f  6-9 meters. The 

l i m i t i n g  water depth f o r  t h e  "boomer" i s  about 200 meters. 

The choice o f  "boomer" o r  "sparker"  i s  a  f u n c t i o n  o f  

the water depth i n  which the  work i s  performed, the  sea 

s ta te ,  the nature o f  t h e  substrata,  and t h e  penet ra t ion  

and r e s o l u t i o n  requ i red .  



Magnetometer 

The magnetometer employed was a  Geometr ics t y p e  G-801 

Mar ine  P r o t o n  Magnetometer. The magnetometer i s  towed 

behind t h e  s h i p  and records  anomalies i n  t h e  e a r t h ' s  

magnet ic  f i e l d  caused by submarine m e t a l l i c  o b j e c t s .  

It i s  u s e f u l  f o r  : l o c a t i n g  p i p e l i n e s ,  cab les ,  wrecks, 

e t c .  and g i v i n g  an e s t i m a t e  o f  t h e  mass o f  such meta l  

o b j e c t s .  

Core rs  

G r a v i t y  and percuss ion  c o r e r s  were used t o  de te rm ine  

t h e  n a t u r e  of t h e  upper  l a y e r s .  The r e s u l t s  o f  a  

"Geoceanic" campaign on l i n e  1 ( w i t h  K u l l e n b e r g  and 

Ro ta ry  c o r e r s )  were a l s o  h e l p f u l .  

9.2 Geology and Bathymetry  

The p i p e l i n e  r o u t e  survey was under taken b y  "Decca Survey" 

f rom PK 8 t o  F r i g g  F i e l d  and Geoceanic f r o m  shore t o  PK 8 

(PK i s  t h e  a b r e v i a t i o n  f o r  p o i l i t  k i l o m e t r i q u e  and s t a r t s  w i t h  

PK 0 a t  t h e  shore t e r m i n a l  w i t h  PK 364 a t  t h e  f i e l d ) .  

The seabed r e l i e f  a long  t h e  p i p e l i n e  r o u t e  i s  i n  genera l  

s l i g h t .  The average d e p t h  v a r i a t i o n s  a r e  between 

100 t o  130 meters  w i t h  s lope  g r a d i e n t s  r a r e l y  exceeding 

2 - 4 %. The maximum depth a t t a i n e d  i s  149.7 meters  a t  

PK 248.6 (A.S.  230) w i t h  17 % g r a d i e n t .  

O ther  l o w  p o i n t s  a r e  : 147 meters  a t  PK 232 and 

145 mete rs  a t  PK 185. F i g u r e  9.3.1 shows t h e  p r o f i l e .  

There a r e  t h r e e  d i s t i n c t  g e o l o g i c a l  c a t e g o r i e s  encountered : 

a) P o s t - g l a c i a l  sediments,  which i n c l u d e  t h e  sandy seabed, 

r e c e n t  mar ine  sands and s i l t s  and t h e  r e c e n t  mar ine  

s i l t s  and c l a y s .  

b )  P e r i g l a c i a l  and g l a c i a l  sediments,  which i n c l u d e  t h e  

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

mar ine  sequences. 

c )  Pa laeozo ic  basement between PK 7 and 17.2 





9.3 T i d a l  and Ocean Currents 

A survey o f  t i d e  stream measurements was made f o r  t h e  

major p o r t i o n  o f  the  p i p e l i n e  r o u t e  by R ive r  and Harbour 

labora tory ,  Technical U n i v e r s i t y  o f  Norway (a S i n t e f  

Associated Laboratory) ,  Trondheim, Norway. The r e p o r t  

prepared f o r  t h i s  work inc luded study o f  t h e  e f f e c t s  o f  

maximum t i d e  range, barometr ic pressure, storm t i d e ,  

dens i ty  and wind d r i f t ,  cur ren ts  e t c .  so t h a t  t o t a l  

quasi-steady cu r ren t  could be determined and "extreme 

p red i c ted  cu r ren t "  evaluated. More recen t l y ,  Compagnie 

Generale Geophysique measured t i d a l  cur ren ts  i n  Ra t t ray  

Bay. Due t o  t h e  p rox im i t y  o f  P i p e l i n e  No 1 t o  P i p e l i n e  

No 2, separate surveys of t i d e  streams were not  necessary. 

9.4 Meteorological-Oceanographic Data 

Meteorologist-oceanographer A.H. Glenn and Associates 

prepared a r e p o r t  o f  wind and sea conditsons fo recas ts  

f o r  normal and storm condi t ions.  This  inc luded p r e d i c t i o n  

o f  maximum wave and t i d e  cu r ren t  bottom v e l o c i t i e s .  

M r .  Glenn has 30 years experience fo recas t i ng  f o r  of fshore 

o i l  i n d u s t r y  operat ions throughout t h e  world, i n c l u d i n g  

t h e  North Sea. 

Reports o f  o the r  environmental i nves t i ga t i ons  have been 

s tud ied  t o  evaluate t h e i r  s i g n i f i c a n c e  t o  F r i g g  Pipe1 i n e  

design and ~ ~ n s t r u c t i o n .  These repo r t s  inc luded : 

a) "Environmental Condit ions o f  the  Shetlands - February 

1973 t o  February 1974", prepared by Marine Exp lora t ions  

L td .  (MAREX) I s l e  o f  Wight, U.K. 

b )  "Environmental Data Analys is  - Winds and Waves i n  t h e  
Northern Nor th  Sea, Summer 1972" (as recorded by 

marine d r i l l i n g  r i g  "STAFLO") prepared by She l l  U.K. 

Exp lo ra t i on  and Product ion Ltd.  , London. 

c) "Cl imatology Nor th  Sea - Winds and Waves Observed 

from Offshore I n s t a l l a t i o n s "  by Dr. D.M. Burr idge 

Meteorological  O f f  i ce ,  London Weather Centre, London 

(U. K. September 1973). 



9.5 Al ignment Sheets 

A l l  necessary marine i n fo rma t i on  f o r  t h e  cons t ruc t i on  

o f  p i p e l i n e s  has been compiled i n  a s e t  o f  al ignment 

sheets numbered 101 t o  141 and 201 t o  244 i n c l u d i n g  : 

- a p lan  view showing t h e  p i p e l i n e  r o u t e  versus Decca 

H i - f i x  and main chain, UTM and geographical  g r i d s  

- a ba thymet r ic  p l a n  

- a p r o f i l e  view w i t h  geo log ica l  data. 

An al ignment sheet l a y o u t  i s  shown i n  F igures 9.5.1 and 

9.5.2. 

9.6 P i p e l i n e  Route Topography 

The topography along t h e  second p i p e l i n e  r o u t e  i s  

summarized on t h e  f o l l o w i n g  page. 
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PIPELINE ROUTE TOPOGRAPHY 

ZONE No 

1 R a t t r a y  Bay 
Shore 
Approach 

2  I n t e r m e d i a t e  

3  Southern 
P l a i n  

4  Southern 
P l a i n  
Boundary 
V a l l e y  

5  I n t e r m e d i a t e  
R i s e  

6 Ridge and 
V a l l e y  

7 F r i g g  F i e l d  
West P l a i n  

MIN./MAX. 
WATER 
DEPTHS 

(METERS) 

0  - 57 

57 - 110 

8 0  - 135 

115 - 136 

93 

104 - 150 

97 - 125 

ALIGNMENT 
SKEET No 

PK 

AS : 201 
P K : O - 8  

AS : 202 - 206 
PK : 8 - 45.5 

AS : 206 - 218 
PK : 45.5 - 153 

AS : 219 - 221 
PK : 153 - 173 

AS : 221 - 222 
PK : 173 - 178 

A S  : 222 - 234 
PK : 176 - 287 

AS : 235 - 244 
PK : 287 - 363 

SEAFLOOR 
SOILS 

Sand, c l a y  
b o u l d e r s  and 
b o u l d e r  c l a y  

Sand waves, bedrock 
ou tc rops  near  t h e  
r o u t e  
l a y e r e d  sands and 
c l a y s  

F i n e  sand veneer,  
occas iona l  patches 
o f  c l a y  and 
i s o l a t e d  pebbles 
l a r g e  o u t c r o p  o f  
c l a y  PK 152 - 153 

Sandy v e r e ? r  w i t h  
some patches of 
c l a y  - pockmark 
PK 155, sma l l  
bou lde rs  PK 157 

Sand c o v e r i n g  
broken by l a r g e  
areas o f  exposed 
c l a y  patches of 
s h e l l  and coarse  
g r a v e l  (morai  n i c )  

F i n e  sand o r  
c o n s o l i d a t e d  c l  ay 
f i l l  channels and 
c u t  v a l l e y s  
ou tc rops  of pebbles 
PK 23E - 239 

Patches o f  s h e l l  
and g r a v e l  w i t h  
predominant 
f i n e  sand 



10.0 OBSTRUCTIONS AND OTHER PIPELINES 

10.1 Other P ipe l i nes  

The f i r s t  p i p e l i n e  r o u t e  i s  approximately 70 meters 

south eas t  o f  t h e  second p i p e l i n e .  

The 30" Occidental  p i p e l i n e  crosses the  second p i p e l i n e  

a t  PK 141.53 (A.S. 217) 

The Brent  t o  S t .  Fergus p i p e l i n e  runs 120 meters N.W. 

o f  t h e  second p i p e l i n e  a t  t h e  shore approach. 

10.2 Wrecks 

Two wrecks have been detected near the  rou te  : 

The f i r s t  wreck i s  a t  PK 65.36, 375 meters no r th  west 

o f  the  r o u t e  and i s  60 meters long and 8 meters high. 

The second wreck i s  a t  PK 278, 280 meters south west o f  

t h e  rou te .  

10.3 Cables 

Four poss ib le  cables were detected by s ide  scan sonar 

a t  PK 298.5, 313.7, 314.4 and 314.8 which were not  

confirmed w i t h  t h e  magnetometer. I n q u i r i e s  were 

unsuccessful b u t  nevertheless much care was taken dur ing  

cons t ruc t ion .  
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11.0 SUMMARY OF THE PIPELINE DESIGN 

F r i g g  P r o j e c t ' s  p i p e l i n e s  1 and 2  w i l l  p r o v i d e  underwater  

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

p l a t f o r m s  o f  F r i g g  F i e l d ,  l o c a t e d  i n  t h e  E n g l i s h  and Norwegian 

s e c t o r s  o f  t h e  N o r t h  Sea. The N o r t h e r n  s e c t i o n  o f  t h e  l i n e s  

connect  t h e  F r i g g  t r e a t i n g  i a c i l i t i e s  t o  t h e  sphere r e c e i v i n g  

and l a u n c h i n g  equipment a t  t h e  I n t e r m e d i a t e  P l a t f o r m ,  a  p o i n t  

approx in ia te l y  185 k i l o m e t e r s  southwest  o f  F r i g g  F i e l d .  The 

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

ano the r  179 k i  l omete rs  (364 k i  l omete rs  t o t a l )  t o  t h e  shore  

t e r m i n a l  f a c i l i t i e s  on S c o t l a n d ' s  c o a s t  a t  S t .  Fergus.  

P i p e  d iamete r  i s  32 inches  w i t h  1 7/8 i n c h  t o  4 5/8 i n c h  o u t e r  

c o n c r e t e  c o a t i n g .  The 1 7/8 i n c h  c o a t i n g  i s  used i n  t h e  deeper 

wa te r  where t h e  t i d a l  c u r r e n t s  a r e  l e s s ,  w h i l e  c o a t i n g  

t h i c k n e s s e s  up t o  4 5/8 i n c h e s  a r e  used c l o s e r  t o  shore  where 

t h e  t i d a l  c u r r e n t s  become much more severe.  The c o n c r e t e  c o a t i n g  

h e l p s  t o  m a i n t a i n  an o v e r a l l  n e g a t i v e  buoyancy t h a t  p r e v e n t s  

t h e  p i p e  f r o m  moving a long  t h e  sea bed f u r n i s h i n g  t h e  r e q u i r e d  

p i p e l i n e  s t a b i l i t y .  

The p i p e  c o n s i s t s  o f  welded j o i n t s  a p p r o x i m a t e l y  40 f e e t  i n  

l e n g t h .  B u c k l e  a r r e s t o r s  and anodes a r e  a t t a c h e d  t o  eve ry  1 4 t h  

j o i n t  o f  p i p e  w i t h  7  j o i n t s  s e p a r a t i n g  each b u c k l e  a r r e s t o r  

and anode. The anodes a r e  i n s t a l l e d  a l o n g  t h e  e n t i r e  l e n g t h  

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

wa te r  depths  g r e a t e r  t h a n  107 mete rs .  The b u c k l e  a r r e s t o r s  

p r e v e n t  t h e  p r o p a g a t i o n  o f  p i p e  b u c k l e s ,  shou ld  t h e y  occur ,  

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

r e q u i r e d  f o r  p i p e l i n e  l o n g e v i t y  once t h e  gas t r a n s p o r t a t i o n  

system goes i n t o  s e r v i c e .  

The p i p e l i n e  p o r t i o n  o f  t h e  F r i g g  P r o j e c t  beg ins  a t  t h e  sphere 

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

and ends a t  t h e  shore t e r m i n a l  i n l e t  c o n t r o l  v a l v e .  Maximum 

o p e r a t i n g  l i n e  p r e s s u r e  i s  2160 p s i g  (150 b a r s  a b s o l u t e )  a t  

F r i g g  w i t h  a  minimum shore t e r m i n a l  i n l e t  c o n t r o l  v a l v e  p ressure  

o f  49 b a r s  a b s o l u t e .  



12.0 SYSTEM CAPABILITIES AND LIMITATIONS 

12.1  System L i m i t a t i o n s  

U n l i k e  r e s e r v e s  on  shore,  t h e  N o r t h  Sea, w i t h  i t s  

adverse weather  c o n d i t i o n s  and deep wa te r  areas,  

r e q u i r e s  a  t r a n s p o r t a t i o n  system d e s i g n  t o  be based 

s o l e l y  on p r e s e n t  day m a t e r i a l s  and c o n s t r u c t i o n  

i n s t a l l a t i o n  c a p a b i l i t i e s  and n o t  on a  f l o w  volume 

b a s i s  which i s  s tandard  f o r  a  shore  system. 

F e a s i b i l i t y  s t u d i e s  have de te rm ined  t h a t  32 i n c h  

was t h e  optimum s i z e  l i n e  based on c o n s t r u c t i o n  

i n s t a l l a t i o n  c a p a b i l i t i e s .  

The p i p e l i n e  upper  o p e r a t i n g  p r e s s u r e  l i m i t  i s  

147.9 b a r s  a b s o l u t e  o c c u r r i n g  a t  F r i g g  F i e l d ' s  p l a t f o r m s  

TP 1 and TCP 2 and a t  t h e  i n t e r m e d i a t e  p l a t f o r m  once 

compression i s  i n s t a l l e d  and i n  use.  The l o w e r  p r e s s u r e  

l i m i t  a c c e p t a b l e  a t  t h e  share t e r m i n a l  f a c i l i t i e s  i n l e t  

v a l v e  i s  49 b a r s  abso lu te .  

12.2 System C a p a b i l i t i e s  

Each o f  t h e  32 i n c h  p i p e ? i n e  systems i s  capable  o f  
6 3 d e l i v e r i n g  f l o w  r a t e s  as sma l l  as 5  X 10 Sm l day and 

up t o  t h e  maximum l e v e l  p r o v i d e d  by one i n t e r m e d i a t e  

compressor s t a t i o n .  The maximum i n l e t  o p e r a t i n g  p r e s s u r e  

a t  F r i g g  F i e l d ' s  t r e a t i n g  p l a t f o r m s  TP 1 and TCP 2 i s  

147.9 b a r s  a b s o l u t e  guaran tee ing  t h e  shore t e r m i n a l  

f a c i l i t i e s  a  minimum pressure  o f  49  b a r s  a b s o l u t e .  

A l t h o u g h  each p i p e l i n e  i s  capable  o f  a  f l o w r a t e  o f  

41.5 x 106 sm3/day, f l o w  r a t e s  above 30.5 X 106 sm3/day 

can o n l y  be ach ieved  by t h e  i n s t a l l a t i o n  and use o f  

compression on t h e  i n t e r m e d i a t e  p l a t f o r m .  The above 

p ressures  and f l o w  r a t e s  a r e  based on p i p e l i n e  i n l e t  gas 

temperatures  o f  35" C b o t h  a t  F r i g g  F i e l d  and t h e  

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

t empera tu re  a t  e i t h e r  p l a t f o r m  would have t h e  e f f e c t  

o f  i n c r e a s i n g  horsepower requ i rements  and f u e l  consumption 



while decreasing flow throughput. A change in gas 

inlet pressure at Frigg Field would have a 

corresponding effect at the shore terminal inlet. 
6 3 The maximum flow rate of 41.5 X 10 Sm /day would 

require 72,000 horsepower to most effectively operate 

the system within the design pressure limits. 



13.0 PIPE SELECTION 

The r e q u i r e d  w a l l  t h i c k n e s s  o f  t h e  p i p e  was c a l c u l a t e d  f rom 

ANSI B 31.8, e n t i t l e d  "Gas T ransmiss ion  and D i s t r i b u t i o n  

P i p i n g  System" Department o f  T r a n s p o r t a t i o n ,  1968 e d i t i o n ,  

paragraph 841.1 page 31, u s i n g  a  Type " A "  c o n s t r u c t i o n  f a c t o r  

of 0.72. The t h i c k n e s s  was c a l c u l a t e d  as 0.7385 i n c h e s  b u t  

f o r  p i p e  s e r v i c e ,  a  0.750 i n c h  w a l l  t h i c k n e s s  w i t h  a  

0.000 i n c h  under  t o l e r a n c e  was s e l e c t e d .  The d e s i g n  p r e s s u r e  

i s  2160 p s i g  w i t h  a  maximum c a l c u l a t e d  a l l o w a b l e  p r e s s u r e  o f  

2194 p s i g .  However v a l v e s  and f l a n g e s  i n  t h e  system a r e  

s e r i e s  900 which l i m i t  t h e  system t o  2160 p s i g .  

P ipe  m a t e r i a l  i s  API-5LX-65 and 32 i n c h  o u t s i d e  p i p e  d iamete r .  

The 32 i n c h  d iamete r  p i p e  was cons ide red  t o  be t h e  l a r g e s t  

s i z e  p i p e  t h a t  l aybarges  were capable  o f  l a y i n g  i n  t h e  

w a t e r  depths  t h a t  a r e  encountered a long  t h e  r o u t e .  



14.0 GAS A N A L Y S I S  

The f o l l o w i n g  i n fo rma t i on  p e r t a i n i n g  t o  t h e  East F r i g g  F i e l d  

gas composit ion was fu rn i shed  by ELF and i s  t h e  bas is  f o r  

a1 l engineer ing c a l c u l a t i o n s  throughout t h i s  manual. The 

program o r  method o f  c a l c u l a t i o n  us ing  t h e  composit ion must 

c a l c u l a t e  t h e  dew p o i n t  under pool cond i t i ons  as w e l l  as 

composit ions and q u a n t i t y  under separator  cond i t i ons  based 

on e q u i l i b r i u m  constants developed by the  NGPSA (1972 e d i t i o n )  



East -Fr igg  Gas TEP/DP/LAB Composit ion ADJUSTED COMPOSITION 
Pool Condi t t o n s  Table 12-Report OV/cm/72 
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15.0 HYDRAULICS, FLOW EQUATIONS AND FLOW DIAGRAMS 

15.1  F low Equa t ions  

The h y d r a u l i c  c a l c u l a t i o n s  a r e  based on t h e  two phase 

f l o w  o f  a  wet  gas i n  one 32 i n c h  p i p e l i n e .  The A.G.A. 

method f o r  "Steady S t a t e  Flow Computat ions f o r  N a t u r a l  

Gas T ransmiss ion  L i n e s "  has been used. T h i s  i 5  a  

c a l c u l a t i o n  method f o r  a  d r y  gas. To a l l o w  f o r  t h e  

l i q u i d  hydrocarbon movement w i t h  t h e  gas, wh ich  reduces 

t h e  amount o f  gas f l o w i n g  between any two p ressures ,  

a l l  volumes s t a t e d  a r e  c a l c u l a t e d  u s i n g  a  12 % : reater  

volume. T h i s  method y i e l d s  a  g r e a t e r  p r e s s u r e  d rop  f o r  

a  g i v e n  f l o w  r a t e  and i s  expected t o  be ave rag ing  i n  

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

15.2 D a i l y  Throughput 

The d a i l y  f l o w  r a t e s  f o r  each 32 i n c h  p i p e l i n e  a t  t h e  

maximum o p e r a t i n g  p r e s s u r e  o f  147.9 b a r s  a b s o l u t e  i s  
6  3 30.5 X 10 Sin /day. The minimum p r e s s u r e  a t  t h e  shore  

t e r m i n a l  i n l e t  v a l u e  i s  49 b a r s  a b s o l u t e .  F i g u r e  15.2.1 

i n d i c a t e s  t h e  p r e s s u r e  a t  any p o i n t  a long  t h e  p i p e l i n e  

f o r  t h r e e  d i f f e r e n t  d i s c h a r g e  p ressures  a t  F r i g g .  

F i g u r e  15.2.2 was deve loped t o  i l l u s t r a t e  t h e  p ressures  

a t  t h e  t h r e e  main p o i n t s  o f  concern on t h e  F r i g g  P i p e l i n e  

System. T h i s  f i g u r e  was prepared f o r  any f l o w  r a t e ,  v a r y i n g  

d i s c h a r g e  p ressures  f r o m  110 b a r s  a b s o l u t e  t o  147.9 b a r s  

a b s o l u t e  a t  t h e  F r i g g  p l a t f o r m ,  and i n l e t  p ressures  o f  

49, 60, 70 and 80 b a r s  a b s o l u t e  a t  S t .  Fergus.  From t h i s  

f i g u r e ,  t h e  f l o w  r a t e  a t  wh ich t h e  gas i n  t h e  p i p e l i n e  w i l l  

f r e e - f l o w  may be read .  No te  on F i g u r e  15.2.2 a t  147.9 b a r s  

f r o m  F r i g g  and 49 b a r s  i n l e t  a t  S t .  Fergus,  t h e  p l a t f o r m  

i n l e t  and o u t l e t  p ressures  (110 b a r s )  c o i n c i d e  a t  

30.5 X 106 Sm3/day. B o t h  f i g u r e s  a r e  f o r  a  F r i g g  gas 

d i s c h a r g e  tempera tu re  c f  35' C and a sea tempera tu re  of 

7 "  C .  Shore t e r m i n a l  i n l e t  t empera tu re  i s  a p p r o x i n ~ a t e l y  

5' C .  F i g u r e  15.2.3 shows t h e  tempera tu re  v a r i a t i o n  a long  

t h e  p i p e l i n e  f o r  d i f f e r e n t  i n l e t  gas teroperatures 



Average d a i l y  throughput of gas per pipe1 ine  de l ivered  

t o  S t .  Fergus i s  1 /1 .3  o f  maximum d a i l y  throughput : 

23.5 mi l l ion  s tandard cubic meters per day. 

15.3 Flow Diagrarns 

Flow diagrams a r e  included f o r  t h e  following r a t e s  per 

p ipe l ine  : 

a )  Flowrate 30 mi l l ion  standard cubic meters per day 
of gas (F igure  15.2.1) 

b)  Flowrate 20 mi l l ion  standard cubic meters per day 

of gas (Figure 1 5 . 2 . 4 )  

c )  Flowrate 10 mi l l ion  standard cubic meters per day 

of gas (Figure 1 5 . 2 . 5 )  
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16.0 PIPELINE STABILITY AND WEIGHT COATING 

I n  making t h e  i n v e s t i g a t i o n  o f  p i p e l i n e  s t a b i l i t y  i n  t h e  

sea f l oo r  environment, a l l  environmental i n fo rma t ion  a v a i l a b l e  

t o  e s t a b l i s h  design c r i t e r i a  was reviewed. The p r i n c i p l e  

r e s u l t s  a re  presented i n  tab les  16.1, 16.2, 16.3 and 16.4. 

The g rea tes t  p o t e n t i a l  hazards t o  p i p e l i n e  s t a b i l i t y  t h a t  

might  be confronted would be t h e  ex is tence o f  rock o r  zones 

o f  sea f l oo r  scour t h a t  would c rea te  unsupported f r e e  spans o f  

p i p e l i n e .  I n  t h e  h igh  energy s u r f  and breaking wave zone, 

t h e  p i p e l i n e  would be sub jec t  t o  vor tex  shedding v i b r a t i o n  

which i f  al lowed t o  occur, cou ld  lead t o  severe damage, 

perhaps pipe1 i n e  f a i l u r e .  

I n  deep water,  i . e .  depths greater  than 50 meters, cu r ren t  

v e l o c i t i e s  d im in i sh  and t h e  p o t e n t i a l  f o r  scour i s  reduced. 

The vor tex  shedding frequency becomes less ,  narrowing t h e  

range o f  t h e  frequencies. Also, t h e  energy a v a i l a b l e  i s  

lessened and v i b r a t i o n  ampli tude i s  reduced even i f  v i b r a t i o n s  

could be induced. 

To ensure p i p e l i n e  s t a b i l i t y  on bo th  F r i g g  f i e l d  t o  Scot land 

p ipe l i nes ,  t h e  4 5/8 inch  concrete coated p ipe  i s  used i n  

t h e  near shore areas where t h e  t i d a l  cur ren ts  are greater .  

The p i p e l i n e s  w i l l  a l so  be trenched so t h a t  the  t o p  o f  t h e  

p ipe  w i l l  be four meters below sea f l oo r  i n  the  shore approach 

zone where water depth i s  l ess  than 15 meters. Thus the  

p i p e l i n e  w i l l  be below seabed through the  foreshore, s u r f  and 

breaking wave zones where t h e  h ighes t  water v e l o c i t i e s  would 

be experienced. Seaward o f  15 meter water depths, the  na tu ra l  

sag o r  bend o f  t h e  p i p e l i n e  would conform t o  sea f l oo r  contours 

and t h e  lower v e l o c i t i e s  would l ess  l i k e l y  cause scour t o  occur. 

Proper t rench ing  o f  t h e  p i p e l i n e  takes care o f  t h e  s i t u a t i o n s  

where vor tex  shedding v i b r a t i o n  might  poss ib ly  e x i s t .  The 

var ious thicknesses o f  concrete coat ing  used along t h e  r o u t e  

are  designed t o  keep t h e  p ipe  i n  t h e  bottom o f  t h e  sea f l o o r  

t rench and keep t h e  p ipe from moving i n  a l a t e r a l  d i r e c t i o n .  



TABLE 16.1 

PIPELINE ROUTE TOPOGRAPHY 

Zone No Zone Seaf l  oor M i  n/Max W - soils ~a-th --Ex+ 

1 Rat t ray  Bay 101-102 Sand, c l a y  0 - 90 

Shore Approach boulders and 

boulder  c l a y  

2 Intermediate 103-105 Most ly  g l a c i a l  68 - 93 

some sand and 

c l a y  

3 G l a c i a l  P l a i n  106-107 Sand o r  g l a c i a l  79 - 108 

4 Plateau 108-113 Sand o r  g l a c i a l  100 - 115 

some c l a y  

5 Domes 114-118 Sand o r  g l a c i a l  105 - 135 

6 Va l leys  119-129 Sand o r  q l a c i a l  93 - 158 

7 F r i g g  P l a i n  136-139 Sand o r  g l a c i a l  100 - 120 

West 



TABLE 16.2 

PIPE-TO-SOIL FRICTION FACTORS 

Sands 0.54 

Sand and gravel  0.61 

Sand, gravel  and pebbles 0.80 

S o f t  c lay  0.35 

Medium g l a c i a l  c l a y  0.77 

TABLE 16.3 

Pipe 

Conc. 

Water 

Negative Buoyancy 1 b / f t  

F i l l e d  

+ 
Computed i n  accordance w i t h  ANSI - 831.8 gas p i p e l i n e  

under combined loading. 

Maximum Span Length-Metres 

Hinged 

Empty 
Pipe 

31.6 

39.1 

43.3 

52.4 

73.5 

Fixed Ends 

Water 
F i l l e d  

22.9 

25.3 

26.4 

28.1 

30.3 

Empty 
Pipe 

38.7 

47.9 

53.0 

64.1 

90.0 

Water 
F i l l e d  

28.1 

31.0 

32.3 

34.4 

37.1 
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17.0 BUCKLE ARRESTORS 

When l a y i n g  p i p e l i n e  i n  h o s t i l e  sea elements such as the  

North Sea, care must be taken t o  prevent co l lapse buck l ing  

and buckle propagation. This buckle propagation may occur 

when ex te rna l  pressure from water depths becomes too  great ,  

when p u l l i n g  st resses from the  barges wh i l e  p ipe  l a y i n g  

become excessive, o r  when lengthy unsupported spans occur 

due t o  seabed anomalies o r  cu r ren t  scouring. The purpose o f  

buckle a r res to rs  on deepwater submarine p i p e l i n e s  i s  two f o l d  : 

a) A p roper ly  designed a r r e s t o r  w i l l  terminate the  buckle 

propagation once i t  begins and 

b) Knowing t h e  a r r e s t o r  l o c a t i o n  w i l l  p rov ide  informat ion on 

t h e  amount o f  p ipe  damaged and t h e  p o i n t  on t h e  sea f loo r  

where on ly  t h e  undamaged p ipe  e x i s t s .  

Buckle a r res to rs  a re  pressure grouted t o  the  seaward, o r  barge 

s t e r n  end o f  every fou r teen th  j o i n t  o f  p ipe  t h a t  i s  l a i d  i n  

water depths greater  than 107 meters. The sleeve a r r e s t o r  

ma te r ia l  i s  o f  ASTM A-285 Grade C o r  ASTM A-36. API 5L Grade B, 
and i s  72 inches long, 36 inches i n  diameter and 1 inch  t h i c k .  

A sa fe ty  f a c t o r  o f  1.25 i s  used r e s u l t i n g  i n  a design depth 

o f  189 meters (620 fee t ) .  

F igures 4.2.2 i n  sec t ion  4.2 shows the  buckle a r r e s t o r  e f f e c t  

and F igure  4.2.3 shows d e t a i l s  o f  t h e  buckle a r r e s t o r  and 

t h e i r  loca t ions .  



18.0 CATHODIC PROTECTION 

The c a t h o d i c  p r o t e c t i o n  f o r  t h e  20 y e a r  d e s i g n  l i f e  o f  t h e  

32 i n c h  F r i g g  t o  S c o t l a n d  submarine p i p e l i n e s  i s  f u r n i s h e d  by  

v e r y  l ow  i r o n  c o n t e n t  z i n c  anode b r a c e l e t s .  The a n a l y s i s  i s  

based upon t h e  U.S. M i l i t a r y  S p e c i f i c a t i o n  18.001 - H. 

Z i n c  has p roven  t o  b e  a  more s u i t a b l e  s a c r i f i c i a l  anode system 

i n  sea w a t e r  t h a n  e i t h e r  a lumin ium o r  magnesium. For  most 

m a t e r i a l s  i n  sea w a t e r  a p p l i c a t i o n s  when b u r i e d  i n  sand o r  mud, 

t h e  c a t h o d i c  p r o t e c t i o n  i s  reduced by  30 t o  50 % when c a l c o -  

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

o v e r  a  p e r i o d  o f  y e a r s .  These d e p o s i t s  have a  n e g l i g i b l e  e f f e c t  

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

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

A p p r o x i m a t e l y  2000 z i n c  anode b r a c e l e t s  each we igh ing  

610 k i l o g r a m s  a r e  used. An anode i s  p l a c e d  on e v e r y  

f o u r t e e n t h  j o i n t  o f  p i p e .  I n  wa te r  depths  g r e a t e r  t h a n  

107 meters ,  seven j o i n t s  s e p a r a t e  each b u c k l e  a r r e s t o r  and 

s a c r i f i c i a l  anode. 

The anode p o t e n t i a l  i s  -1.05 v o l t s / i m m u n i t y  p o t e n t i a l  -0.8 v o l t s  

The e f f i c i e n c y  i s  95 % Ag/Ag C 1  r e f .  w i t h  a  c a p a c i t y  o f  

355 Amp/hour/pound. 

F i g u r e  4.2.3 i n  s e c t i o n  4.2 shows an anode and t h e  anode 

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



19.0 COMPUTER PROGRAMS 

19.1  O f f s h o r e  P iye1ay i r .g  Simulat ion/-OPLS 

OPLS 2D and OPLS 3D a r e  computer programs f o r  t h e  s t a t i c  

two and t h r e e  d imens iona l  a n a l y s i s  o f  o f f s h o r e  p i p e  l a y i n g  

problems. They u t i l i s e  a  n o n - l i n e a r  f i n i t e  e lement method 

s o l u t i o n  procedure,  developed e s p e c i a l l y  f o r  program OPLS, 

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

The e n t i r e  p i p e  l e n g t h ,  f rom t h e  t e n s i o n i n g  d e v i c e  on t h e  

l a y b a r g e  t o  t h e  bot tom, i s  mode l led  by one con t inuous  

f i n i t e  e lement model. The i n t e r a c t i o n  between t h e  p i p e  

and s t i n g e r  can be s i m u l a t e d  b y  t h e  s imul taneous use o f  

a  f i n i t e  e lement model o f  t h e  s t i n g e r .  The p i p e  s u p p o r t  

r o l l e r s  on t h e  l a y b a r g e  and s t i n g e r  and t h e  s o i l  on t h e  

bot tom a r e  s i m u l a t e d  by s p e c i a l  f i n i t e  e lements.  

I n  a n a l y s i n g  t h e  p i p e  l a y i n g  prob lem OPLS c o n s i d e r s  t h e  

p i p e  t e n s i o n  and p o s i t i o n  o f  t h e  p i p e  suppor ts  on t h e  

laybarge ,  t h e  s t r u c t u r a l  c h a r a c t e r i s t i c s ,  buoyancy and 

p o s i t i o n  o f  t h e  p i p e  suppor ts  o f  t h e  s t i n g e r ;  t h e  p i p e  

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

such as buoys o r  anchor we igh ts ,  and t h e  s u p p o r t  s t i f f n e s s  

and o r i e n t ~ t i o n  of t h e  bottom. I n  a d d i t i o n  and i n  t h r e e  

d imens ions,  OPLS cons ide rs  t h e  e f f e c t s  o f  c u r r e n t  induced 

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

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

d imens iona l  c h a r a c t e r i s t i c s  o f  c e r t a i n  k i n d s  o f  p i p e  

s u p p o r t  r o l l e r s .  

19.2 Dry  Gas P i p e l i n e  H y d r a u l i c s  

T h i s  program s o l v e s  t h e  GGG e q u a t i o n  f o r  d r y  gas l i n e  

f l o w  f o r  e i t h e r  f l o w  r a t e ,  i n p u t  p ressure ,  o u t p u t  p ressure ,  

o r  l i n e  l e n g t h ,  based on va lues s u p p l i e d  f o r  t h e  

rema in ing  t h r e e  q u a n t i t i e s .  The method used i s  as d e s c r i b e d  

i n  I n s t i t u t e  o f  Gas Technology Techn ica l  Repor t  No ;C : 

"Steady Flow i n  Gas P i p e l i n e " .  



19.3 C o m p r e s s i b i l i t y  F a c t o r  

T h i s  program c a l c u l a t e s  t h e  c o m p r e s s i b i l i t y  f a c t o r .  

The method used t o  d e t e r m i n e  t h i s  v a l u e  i s  t h e  

"AGA Manual f o r  t h e  D e t e r m i n a t i o n  o f  Super 

C o m p r e s s i b i l i t y  F a c t o r s  f o r  N a t u r a l  Gas". PAR 

RESEARCH PROJECT NX 19, December 1962. T h i s  method 

i s  a p p l i e d  f o r  gas w i t h o u t  H2S. 

19.4 N a t u r a l  Gas P r o p e r t i e s  

T h i s  program c a l c u l a t e s  n i n e  p r o p e r t i e s  o f  a  

n a t u r a l  gas c o n t a i n i n g  a  maximum of e i g h t e e n  

components. A l l  u n i t s  o f  t h e  components a r e  i n  

m01 f r a c t i o n s ,  w i t h  t h e  p h y s i c a l  c o n s t a n t s  

i n t r o d u c e d  i n t o  t h e  program b e i n g  drawc f rom t h e  

NGPSA e d i t i o n s  1957 and 1572 .  

19.5 Gas Temperature Throuqhout t h e  P i p e l i n e  

T h i s  program c a l c u l a t e s  t h e  tempera tu re  a long  t h e  

l i n e  a c c o r d i n g  t o  t h e  i n i t i a l  p i p e  i n l e t  t empera tu re  

and t h e  sea w a t e r  temperature .  These tem?eratures  

a r e  c a l c u l a t e d  e v e r y  twen ty  k i l o m e t e r s .  It c a l c u l a t e s  

a l s o  t h e  i s o t h e r m a l  p o i n t  where t h e  gas tempera tu re  

i s  equa l  t o  t h e  sea wa te r  temperature .  Knowing 

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

p o s s i b l e  t o  c a l c u l a t e  t h e  mean tempera tu re  o f  t h i s  

l e n g t h .  

19.6 V e l o c i t y  A long  a  Gas P i p e l i n e  

T h i s  program must be used w i t h  t h e  program which 

c a l c u l a t e s  t h e  temperature .  Some hypotheses a r e  

s i m i l a r  such as : i n s i d e  d iamete r  o f  p i p e  and 

l e n g t h  o f  t h e  s e c t i o n s  a l o n g  t h e  l i n e  which a r e  

equal  t o  2 C  k i l o m e t e r s .  The f i r s t  program a l s o  

g i v e s  t h e  v a l u e  o f  J ( "  C/m) which i s  i n t r o d b c e d  

i n t o  t h e  program of v e l o c i t y .  



19.7 Time Necessary for Steady State Flow Changes 

This program determines the time necessary to 

change from an established flow to a new steady 

flow rate within pressure limits. 

19.8 Pipeline Temperature Profile 

This calculation method determines the temperature 

profile for steady state conditions alongside the 

gas pipe1 ine. The conditions with compression 

and without compression at the intermediate platform 

for several discharge temperatures were considered. 

Once the pressure profile is known the temperature 

is calculated by the Pascal formula based on 

thermal balance including Joule-Thomson effect. 

Iterations are necessary. 




