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Work on DP 1 i s  p r o g r e s s i n g  s a t i s f a c t o r i l y .  

R e p l i e s  t o  i n v i t a t i o n s  t o  b i d  f o r  QP and TP 1 p l a t f o r m s  

have been  r e c e i v e d .  None o f  t h e  c o n t r a c t o r s  was a b l e  t o  p ropose  

d e l i v e r i n g  e i t h e r  o f  t h e  j a c k e t s  w i t h i n  t h e  r e q u i r e d  t ime .  

C o n s t r u c t i o n  of  QP j a c k e t  o n l y  h a s  been  e n t r u s t e d  t o  UIE. 

It h a s  been d e c i d e d  t o  o r d e r  TP T p l a t f o r m  from SEA TANK- 

McALPINE who were a b l e  t o  g u a r a n t e e  d e l i v e r y  f o r  May 1975. 

R e p l i e s  t o  t h e  i n v i t a t i o n  t o  b i d  f o r  TCP 2 a r e  a w a i t e d .  



I. GENERAL FIELD DEVELOPMENT STUDIES 

1.; R e s e r v o i r  e n g i n e e r i n g  

A meet ing  w i t h  DeGolyer and HacNaughton was h e l d  i n  Dallas on 
J a n u a r y  2 9 t h  and 3 0 t h .  A b r i e f  r e p o r t  is g i v e n  i n  Appendix I .  

1.2 E a s t  F r i g q  

A r e s e r v o i r  e n g i n e e r i n g  s t u d y  h a s  been under t aken  t o  compare t h e  
advan tages  of e x p l o i t a t i o n  s o l e l y  from C e n t r a l  F r i g g  w i t h  t h e  
c o n c u r r e n t  e x p l o i t a t i o n  o f  C e n t r a l  F r i g g  and E a s t  F r i g g .  

Such a s t u d y  o b v i o u s l y  assumes a f a i r l y  good g e o l o g i c a l  c o n n e c t i o n  
between t h e  two a c c u m u l a t i o n s  b u t  t h i s  i s  o n l y  a working h y p o t h e s i s .  

The s t u d y  is  i n  p r o g r e s s  and p o s i t i v e  c o n c l u s i o n s  w i l l  be  drawn when 
t h e  new s e i s m i c  map d a t a  is  a v a i l a b l e .  

? .3 A n a l y s i s  of E a s t  F r i g g  e f f l u e n t s  

A l a b o r a t o r y  a n a l y s i s  of e f f l u e n t s  t a k e n  a t  E a s t  F r i g g  was c a r r i e d  
o u t  ( s u r f a c e  sampl ing  and FIT i n  t h e  o i l  pay zone) .  

T h i s  s t u d y  is  a t  p r e s e n t  b e i n g  t r a n s l a t e d .  

Sampling o f  s u r f a c e  e f f l u e n t s  was s u c c e s s f u l  and conf i rms t h e  
h y p o t h e s e s  t a k e n  f o r  t h e  s t u d y  of F r i g g  g a s :  t h e  g a s  dew p o i n t  
cu rve  f i t s  i n  w i t h  t h e  p r e s s u r e  and t e m p e r a t u r e  c o n d i t i o n s  of  t h e  
r e s e r v o i r .  The o i l  seems t o  p r e s e n t  a  s l i g h t  d i f f e r e n c e  i n  t h e  
molecu la r  weight  of  t h e  heavy components C 14 t o  C 18 which would 
seem t o  prove  a t  l e a s t  a  d i f f e r e n t  e v o l u t i o n  of t h e  o i l .  

The g a s  b e i n g  i n  e q u i l i b r i u m  w i t h  t h e  o i l ,  t h e  consequences  on t h e  
g a s  compos i t ion  a r e  n e g l i g i b l e  and could  o n l y  provoke a s l i g h t  
d i f f e r e n c e  i n  t h e  heavy components of c o n d e n s a t e s .  The b i g g e s t  
d i f f e r e n c e  i n  condensa te  c o n t e n t  would be around 2 gr/m3 ( 6  g r  
i n s t e a d  of 4 g r  - minimum F r i g g  h y p o t h e s i s ) .  

The E a s t  F r i g g  r e s u l t s  t h u s  conf i rm t h e  t h e o r e t i c a l  s t u d i e s  o f  
F r i g g  g a s .  Ia F r i g g  s t u d i e s  i t  would be wise  t o  t a k e  a c o n t e n t  
a t  l e a s t  e q u a l  t o  t h a t  o f  E a s t  F r i g g ,  i . e .  6 gr,m3. 

1 .4  S c r e e n s  

G a s  t e s t s  a r e  p roceed ing  a t  LACQ. The r e s u l t s  o b t a i n e d  on t h e  
s i n g l e  s c r e e n  were encourag ing  i n  s p i t e  o f  d i f f i c u l t i e s  i n  o p e r a t i n g  
t h e  t e s t  bench.  

An o r d e r  f o r  t h i s  t y p e  of  s c r e e n  t o  e q u i p  t h e  f irst  f o u r  w e l l s  
is  under  d i s c u s s i o n .  



1 . 5  Submarine wel l -head  ( -  30 m) 

The Cameron s t u d y  i s  p roceed ing  i n  agreement  w i t h  ELF e x p e r t s .  
Cameron's  p r o p o s a l  i s  expec ted  a t  t h e  end of  F e b r u a r y .  

1.6 -- G e n e r a l a o u t  of  t h e  f i e l d  
--p 

T i e  d e c i s i o n  t o  have a  c o n c r e t e  p l a t f o r m  t o  s u p p o r t  t h e  
t r e a t m e n t  i n s t a l l a t i o n s  h a s  n e c e s s i t a t e d  a comple te  r ev iew of  
t h e  s t u d y  of l a y i n g  p i p e s  l e a d i n g  t o  TP 1, a s  d e s c r i b e d  i n  5 2.4 
h e r e a f t e r .  T h i s  w i l l  p r o b a b l y  l e a d  t o  a change i n  t h e  l o c a t i o n  
o f  QP p l a t f o r m  and i n  t h e  o r i e n t a t i o n  o f  DP : p l a t f o r m .  

A new l a y o u t  w i l l  b e  drawn up i n  F e b r u a r y .  

11. PHASE I - PRODUCTION FACILITIES 

2. D r i l l i n g  p l a t f o r m  :co 1 

2.11 S t r u c t u r e  and p i l u g  .................... 
- A l l  USIl\iOR meta l  s h e e t s  have been  d e l i v e r e d .  

- The f o l l o w i n g  e l e m e n t s  have been  r e c e i v e d  i n  Cherbourg:  

. About 500 t o n s  of m e t a l  s h e e t s  and ? i p e s  ( t o t a l  
1700 t) 

. 36 p i l e  g u i d e s  f o r  t h e  j a c k e t  

. A l l  t h e  '100'' f l o t a t i o n  t a n k  e l e m e n t s  have been 
d e l i v e r e d  t o  Cherbourg 

- About 'l500 t o n s  of  s t r u c t u r a l  e l e m e n t s  have been 
p r e f a b r i c a t e d .  

- The as sembly  of  AB 2 RU and AB 3 RU p a n e l s  h a s  v r o -  
g r e s s e d  by 90%. 

- A l l  t h e  p i l e s  w i l l  n o t  be  d e l i v e r e d  f o r  June 1 s t .  A 
p r o g r e s s i v e  d e l i v e r y  programme h a s  been  drawn up and 
w i l l  n o t  d e l a y  t h e  i n s t a l l a t i o n  o f  t h e  j a c k e t .  

2.32 P r o d u c t i o n  modules ------------------ 
- E n g i n e e r i n g  

. E n g i n e e r i n g  work h a s  p r o g r e s s e d  by a b o u t  56%. 

. The s c h e m a t i c s  of a u t o m a t i c  c o n t r o l s  have p r o g r e s s e d  
b y  20% and e l e c t r i c a l  e n g i n e e r i n g  work by 65%. 

. I n  Appendix 3, a g e n e r a l  s t u d y  o f  t h e  p r o d u c t i o n  
i n s t ~ l l a t i o n s  i s  s u p p l i e d .  T h i s  g i v e s  t h e  f i n a l  
s c h e m a t i c s  o f  i n s t a l l a t i o n s  and w i l l  b e  s u p p l i e d  t o  
t h e  B r i t i s h  and Xorwegian Governmental a u t h o r i t i e s .  

. The drawings  f o r  e x e c u t i o n  and i s o m e t r i c s  w i l l  b e  
f i n i s h e d  by mid-karch.  



- Procurement  

. Procurement  i s  f u l f i l l e d  by 78%. 

. The o r d e r s  f o r  DP 1 q u a r t e r s  have been  p l a c e d  w i t h  E t s .  
G e f f r a y  and  t h e  i n t e r n a l  equipment  w i t h  E t s .  Compin. 
These a r e  l o c a l  f i r m s  who will assemble  t h e  q u a r t e r s  
a t  t h e  UIE ya rd  a t  S t .  W a n d r i l l e .  

- C o n s t r u c t i o n  

. Some of t h e  m e t a l  f rames  o f  t h e  modules have been  r e c e i v e d  
a t  S t .  Wandr i l l e .  The B u l l  I n d u s t r i e  o r d e r  h a s  n o t  been 
d e l i v e r e d  i n  f u l l  which c r e a t e d  a  10 day  d e l a y  i n  
s t a r t i n g  c o n s t r u c t i o n  o f  module 4. The c o n s t r u c t i o n  of 
t h i s  module began mid-January a t  S t .  W a n d r i l l e .  

2 - 1 3  Compact r i g  ----------- 
E n g i n e e r i n g  work f o r  t r a n s f o r m a t i o n  of  t h e  r i g  i s  i n  p r o g r e s s  
and  t h e  equipment  i s  b e i n g  approved by DidV. 

The p r o v i s i o n a l  p l a n n i n g  s c h e d u l e  h a s  been r e s p e c t e d  up t o  
now. 

Trans fo rma t ion  of t h e  modules h a s  been e n t r u s t e d  t o  ROSETTI 
o f  Ravenna. 

2.14 D r i l l i n g  and  comple t ion  programme 

I n  append ix  4 we g i v e  t h e  comple te  d r i l l i n g  and w e l l  
comple t ion  programme o f  t h e  f i r s t  c l u s t e r .  T h i s  programme 
i s  more o r  l e s s  t h e  same a s  t h e  one proposed a t  t h e  
commencement of development  s t u d i e s .  A programme of 
performance of o p e r a t i o n s  i s  i n d i c a t e d .  A s i m p l i f i e d  
programme w i l l  b e  s u b m i t t e d  f o r  a p p r o v a l  t o  t h e  a u t h o r i t i e s  
concerned  i n  t h e  2 c o u n t r i e s .  

Most o f  t h e  d r i l l i n g  and comple t ion  equipment  h a s  a l r e a d y  
been  o r d e r e d .  

2.2 Trea tment  p l a t f o r m  N o  'I and l i v i n g  q u a r t e r s  p l a t f o r m  - --m- 

2.2? S t r u c t u r e s  ---------- 
- O f f e r s  f o r  f a b r i c a t i o n  o f  t h e  two j a c k e t s  have been  r e c e i v e d  

and a n a l y s e d .  S e v e r a l  c o n t r a c t o r s  d e c l i n e d  t o  b i d .  Among 
t h e  o f f e r s  wor th  c o n s i d e r i n g ,  i t  w a s  n o t  p o s s i b l e  t o  s e l e c t  
two c o n t r a c t o r s  a b l e  t o  c a r r y  o u t  c o n s t r u c t i o n  w i t h i n  t h e  
r e q u i r e d  t ime .  DORIS and SEA TAMK were immedia te ly  c o n s u l t e d  
on t h e  p o s s i b i l i t y  o f  c o n s t r u c t i n g  a c o n c r e t e  TP i p l a t f o r m  
a v a i l a b l e  f o r  d e l i v e r y  i n  t h e  S p r i n g  of 7975. 

- F i n a l l y ,  a f t e r  n e g o t i a t i o n s ,  i t  was d e c i d e d  t o  : 



g i v e  t h e  c o n t r a c t  f o r  c o n s t r u c t i o n  o f  a c o n c r e t e  TP 1  
p l a t f o r m  t o  SEA TANK CO - HcALPIi\lE. T h i s  w i l l  be  
c o n s t r u c t e d  n e a r  Glasgow and w i l l  be towed t o  F r i g g  s i t e  
a t  t h e  b e g i n n i n g  o f  May 1975. 

. t o  e n t r u s t  UIE wi th  t h e  c o n s t r u c t i o n  o f  QP j a c k e t  as 
d e f i n e d  i n  NcDermott-Hudson's documents.  T h i s  j a c k e t  
w i l l  be  f i n i s h e d  and loaded  a t  Cherbourg by  :st May, 

'm 975. 

- I n  view o f  t h e  f r e s h  p o s s i b i l i t i e s  p r e s e n t e d  by a c o n c r e t e  
s t r u c t u r e ,  i t  h a s  been dec ided  t o  i n c r e a s e  t h e  s i z e  o f  t h e  

Pame s u p p o r t i n g  t h e  deck modules i n  o r d e r  t o  have more space  
f o r  f u t u r e  e x t e n s i o n s  (around 1000 m2 f o r  t h e  upper  deck and 
500 m2 f o r  t h e  c e l l a r  deck.  

- The s t u d y  of a  new s u p p o r t  frame is i n  p r o g r e s s .  

- The p o s i t i o n i n g  o f  t h e  r i s e r s  on TP 1 is b e i n g  modi f i ed .  

- Metal  s h e e t  o r d e r  from SUMITOMO : 

t h e  l is t  f o r  t h e  second shipment  was s e n t  t o  SUMITOMO 
on January  15 .  

. T r a n s p o r t a t i o n  o f  t h e  f i r s t  sh ipment  h a s  been  e n t r u s t e d  
t o  Chargeurs  RGunis and n e g o t i a t i o n s  a r e  i n  p r o g r e s s  wi th  
t h e  same company w i t h  r e g a r d  t o  t h e  second shipment .  

- I n v i t a t i o n s  t o  b i d  f o r  f a b r i c a t i o n  o f  p i l e s  f o r  QP : 

. R e p l i e s  a r e  expec ted  a t  t h e  b e g i n n i n g  of Februa ry .  

- I n v i t a t i o n  t o  b i d  f o r  s u p p l y  o f  anodes :  

. S e n t  o u t  mid-January 

2.22 Trea tment  and Q u a r t e r s  modules .............................. 
- E n g i n e e r i n g  

. A t  3$-12-73 p r o g r e s s  c o u l d  be  e s t i m a t e d  a t  a b o u t  15.5% 
f o r  TP 1 and 11% f o r  QP. 

. The P  & I diagrams f o r  u t i l i t i e s  have been s u p p l i e d .  
P l o t  p l a n s  have been reviewed i n  view of t h e  change 
i n  t h e  s u p p o r t ,  which w i l l  e n a b l e  u s  t o  space  o u t  t h e  
equipment.  

. Comsip have commenced t h e  s t u d y  o f  t h e  te lecommunica t ions  
and c o n t r o l  room i n  t h e  f i e l d .  

A s t u d y  of t h e  mud system under  p r e s s u r e  i s  b e i n g  
conducted  by Dowell-Schlumberger.  

. S t u d i e s  of  p i p i n g  a r e  i n  p r o g r e s s .  



- Procurement  

. E n q u i r i e s  have been i s s u e d  f o r  framework s t e e l  f o r  
TP 1 and QP modules.  

. E i g h t e e n  e n q u i r i e s  have been  s e n t  o u t  f o r  TP 1 and 
twe lve  f o r  PP. 

. It is  o lanned  t o  p l a c e  t h e  o r d e r  f o r  g l y c o l  c o n t a c t o r s  
and WKO b e f o r e  F e b r u a r y  2 0 t h .  

- C o n s t r u c t i o n  

. The i n v i t a t i o n s  t o  b i d  f o r  c o n s t r u c t i o n  of t h e  f r aming  
and q u a r t e r s  b u i l d i n g  have been  s e n t  t o  9 companies : 

Two i n  F r a n c e ,  two i n  England,  two i n  Norway and one  
e a c h  i n  Germany, Hol land  and I t a l y .  

- UIE, C h a n t i e r s  Garonne, G.T. Robinson,  W i l l i a m  P r e s s ,  
Aker,  O i l  I n d u s t r y  S e r v i c e ,  D i l l i n g e r ,  I H C ,  Moduli.  

P l a n n i n g  s c h e d u l e  

. The p l a n n i n g  s c h e d u l e  f o r  t h e  modules r ema ins  
unchanged.  

2 . 3  F l a r e  s t r u c t u r e  

A s p e c i a l  s t u d y  is  s u p p l i e d  i n  Appendix 5 

2.4 Connect ion  l i n e s  between p l a t f o r m s  

- Brown and Root a r e  do ing  t h e  e n g i n e e r i n g  work on t h e s e  
c o n n e c t i o n s .  

- However, i n  view of t h e  f a c t  t h a t  TP " p l a t f o r m  is  t o  b e  
c o n s t r u c t e d  i n  c o n c r e t e ,  t h i s  q u e s t i o n  h a s  had t o  b e  
c o m p l e t e l y  rev iewed a s  t h e  methods of  c o n n e c t i n g  t h e  p i p e s  
t o  t h i s  p l a t f o r m  w i l l  b e  v e r y  d i f f e r e n t  from t h o s e  used  
w i t h  a c o n v e n t i o n a l  j a c k e t .  

The moving o f  t h e  p o s i t i o n  of  QP p l a t f o r m  towards  t h e  E a s t ,  
r i g h t  a g a i n s t  t h e  boundary i s  b e i n g  c o n s i d e r e d .  A d e c i s i o n  
w i l l  b e  t a k e n  e a r l y  i n  F e b r u a r y .  

- A p a r t i c u l a r l y  u r g e n t  q u e s t i o n  is  t h e  d e f i n i t i o n  o f  a l l  
s t e p s  which s h o u l d  be t a k e n  i n  r e s p e c t  o f  t h e s e  c o n n e c t i o n s  
a t  b a s e  l e v e l  a s  t h e  c o n s t r u c t i o n  d rawings  o f  t h i s  p a r t  
of TP 1 p l a t f o r m  must b e  p r e p a r e d  a s  q u i c k l y  as p o s s i b l e .  

2.5 Te leconmunica t ions  

The T e l e d i r e k t o r a t e t  h a s  u n o f f i c i a l l y  conf i rmed  t h a t  t h e  r a d i o  
l i n k  between F r i g g  and Norway w i l l  b e  a  t r o p o - s c a t t e r  sys tem.  
An i n v i t a t i o n  t o  b i d  was s e n t  o u t  i n  J a n u a r y  by t h e  Norwegian 
A d m i n i s t r a t i o n  f o r  s u p p l y  o f  t h i s  equipment .  The l a n d  t e r m i n a l  
w i l l  b e  s e t  up South  of  S t a v a n g e r .  



A h i g h  a e r i a l  mast w i l l  be i n s t a l l e d  on QP p l a t f o r m  t o  s u p p o r t  
t h e  microwave a e r i a l s :  o n l y ,  hol-fever, i f  t h i s  does  n o t  i n t e r f e r e  
w i t h  r e i n f o r c e m e n t s  f o r  t h e  j a c k e t .  

One o f  t h e  TP ' deck modules w i l l  b e  r e i n f o r c e d  t o  s u p p o r t  an 
i d e n t i c a l  mast i n  t h e  f u t u r e  i f  i t  proved n e c e s s a r y .  

111. PHASE I1 PRODUCTI0,r FACILITIES -- ---- ---- 
3.7 S t r u c t u r e s  

---W- 

R e p l i e s  t o  i n v i t a t i o n s  t o  b i d  f o r  TCP 2 a r e  a9aalted : 

- on h a r c h  '5 f o r  c o n c r e t e  p l a t f o r m  

- on A p r i l  " f o r  s t e e l  j a c k e t  

3 .2  Deck equipment  - 
The f i r s t  p r e l i m i n a r y  s t u d y  made by McDermott-Hudson h a s  been 
d i s t r i b u t e d .  

A more d e t a i l e d  s t u d y  t o  e n a b l e  i n v i t a t i o n s  t o  b i d  t o  b e  i s s u e d  
f o r  t h e  f i r s t  b a t c h  of compresso r s  is  b e i n g  d i s c u s s e d  w i t h  
Hudson E n g i n e e r i n g .  

3.3 - DP 2 P l a t f o r m  -- 
A s t u d y  p r o p o s a l  is  ~ r e s e n t e d  s e p a r a t e l y .  

I V .  COiqTRACTS 
--p-- 

The f o l l o w i n g  c o n t r a c t s  o r  ~ u r c h a s e  o r d e r s  have been s i g n e d  o r  
s e n t  o u t  t h i s  month : 

. Order  2" 133509 w i t h  Compagnie ) f a r i t ime  d e s  Chargeur s  RCunis: 
T r a n s p o r t a t i o n  of  a f i r s t  sh ipment  of  3380 t o n s  of m e t a l  s h e e t s  
f o r  TP 7 and QP j a c k e t s  froin XASHIMA ( J a p a n )  t o  DUKICIRK. Cos t  
e s t i m a t e  8 755,454 

. Order  X" :33507 t o  I>:ORTii SSA DRILLIliG SERVICES : 28 h y d r a u l i c  
o p e r a t o r s  Cos t  e s t i m a t e :  $ 107,830 

. Order  :i0 133506 t o  G R A Y  TOOL COh?A!dY : c a s i n g  h a n g e r s .  Cos t  
e s t l n a t e  : 2i 54 ,b32.0& 

- Order  N o  133505 t o  ilEIWt4Aii ZnDER MAC EVOY: 14 p r o d u c t i o n  w e l l  
h e a d s  : Cost  e s t i m a t e  : 235,320.  

. T e l e x  of  i n t e n t  f o r  c o n t r a c t  S  '09 w i t h  Brown and Root:  E t ig inee r ing ,  
p u r c h a s i n g  and s u p e r v i s i o n  of  l a y i n g  c o n n e c t i o n s  between DP ? and 
TP 1 and between TP 1 and  t h e  f l a r e .  Cos t  e s t i m a t e  : 8 400,000. 



. By t e l e x ,  o r d e r  N o  ,142601 t o  Brun FrGres :  400 m o f  18!'5. 8 c a s i n g  . 
Cost  e s t i m a t e  : FF '175,224. 

. Order  No ?h2602 t o  ELF GABOa : 866 m o f  6"5,6 c a s i n g  f o r  s c r e e n s  
Cos t  e s t i m a t e  : F.CFA 1 ,910 ,829 .  

. Amendment N o  5 t o  c o n t r a c t  S 9; t o  C h a n t i e r s  de  l a  Garonne f o r  
complementary s t u d y  of q u a r t e r s .  Cos t  e s t i m a t e  FF 88 ,608.  

. Take-over o f  TOPl's o r d e r  w i t h  USIiu'OR f o r  s t e e l  f o r  t h e i r  man i fo ld  
p l a t f o r m  : Cost  e s t i m a t e  FF 4 6 ~ 1 , 2 3 6 .  

. T e l e x  of  i n t e n t  w i th  r e s p e c t  t o  UIE E  6 c o n t r a c t  f o r  t h e  c o n s t r u c -  
t i o n  of j a c k e t  and  s u p p o r t  f rame of  q u a r t e r s  p l a t f o r m  : Cos t  
e s t i m a t e  : FF 37 ,800 ,000 .  

. L e t t e r  of  i n t e i l t  f o r  c o n t r a c t  E .  : ' I  SEA TANK CO-McALPINE : Const ruc-  
t i o n  and i n s t a l l a t i o n  o f  t h e  g r a v i t y - b a s e  t y p e  p l a t f o r m  TP 1 .  
Cos t  e s t i m a t e  : FF 150 ,000 ,000 .  



APPENDIX 1 

FRIGG FIELD EXPERTISE 1,lEETI;JG i i o  3 

HELD I?: DALLAS Oiq 

JAi'JUARY 2 9 t h  and jOth ,  ,974 

1. E l e c t r i c  Log A n a l y s i s  

M r .  Camargo and Mr. Wi l lhour  r e p o r t e d  on t h e  p r e l i m i n a r y  r e s u l t s  
c o n c e r n i n g ,  f o r  each  w e l l ,  t h e  e s t i m a t e d  s o n i c  t o p ,  t h e  t o p  
p o r o s i t y ,  t h e  g r o s s  g s s  pay ,  t h e  n e t  g a s  pay ,  t h e  g a s  o i l  c o n t a c t ,  
t h e  n e t  o i l  pay  and t h e  o i l - w a t e r  c o n t a c t .  

A record.  i n c l u d i n g  t h e  r e s u l t s  mentioned above  w i t h  a d e t a i l e d  
computing method i s  r e l e a s e d  t o  a l l  p a r t i c i p a n t s  f o r  s t u d y  and 
comments. 

2 .  Se i smic  P o s i t i o n i n g  Accuracy  

M r .  Gausland o f  STATE OIL comments h i s  w r i t t e n  r e p o r t  on above  
mentioned s u b j e c t .  He concluded t h a t  t h e r e  might b e  some e r r o r s  
i n  t h e  l o c a t i o n  map which made i t  n e c e s s a r y  t o  a p p o i n t  a n  e x p e r t .  

A f t e r  examina t ion  o f  t h e  f i n a l  SSL r e p o r t  t o  b e  s u b m i t t e d  i n  
F e b r u a r y ,  D and M w i l l  d e c i d e  on t h e  n e c e s s i t y  of  a p p o i n t i n g  t h i s  
e x p e r t .  A l l  t h e  p a r t n e r s  a c r e e .  

3 .  Se i smic  Time Map 

~ r .  U r r u t i a  from GSI gave a l l  p a r t i c i p a n t s  a t ime map o f  t h e  
t o p  of t h e  s a n d s  a t  l 50.000th s c a l e  and  went on e x p l a i n i n g  t h e  
way he  t i e d  t h e  s e c t i o n s  t o  t h e  1.1ells. 

T h i s  ? r e s e n t a t i o n  is fo l lowed  by a  l o n g  t e c h n i c a l  d e b a t e  d u r i n g  
which each  of  t h e  p a r t i c i p a n t s  o p i n i o n  i s  expounded. 

Second* 

1 .  Hr. Melvan C a r t e r  p r e s e n t e d  a d e t a i l e d  method used  by  GSI t o  b i n d  
s e i s m i c  l i n e s  t o  t h e  w e l l s  and  t h e  s e i s m i c  model he computed, 
e x p l a i n i n g  t h e  r e f l e c t o r  a t  t h e  g a s - o i l  c o n t a c t .  



2 .  F r i g g  E a s t  - F r i g ~  communication 
p- 

M r .  Ilancarrow from Degolyer  and  Macnaughton e s t i m a t e d  t h a t  a t  t h i s  
s t a g e  o f  t h e  e x p e r t i s e  i t  w a s  n o t  p o s s i b l e  t o  g i v e  a  d e f i n i t e  
c o n c l u s i o n  on t h i s  m a t t e r .  

T h i s  q u e s t i o n  a p y e a r s  p a r t i c u l a r l y  d i f f i c u l t  and a  comple te  r ev iew 
o f  a l l  f l u i d  a n a l y s i s  - g e o p h y s i c a l ,  g e o l o g i c a l  and r e s e r v o i r  
e n g i n e e r i n g  d a t a  - w i l l  have t o  b e  performed b e f o r e  t h e  e x p e r t  
may d e l i v e r  a  f i n a l  c o n c l u s i o n .  

3 .  Cont inue  d e b a t e  and r m g r e s s  

The e x p e r t  proposed  and a l l  p a r t i e s  a g r e e d  t o  send t h e i r  comments 
on d i f f e r e n t  m a t t e r s  d e b a t e d  d u r i n g  t h e  mee t ing  b e f o r e  t h e  end  
o f  F e b r u a r y .  These comments w i l l  b e  s e n t  d i r e c t l y  t o  t h e  e x p e r t  
w i t h  c o p i e s  t o  b o t h  p a r t n e r s  and  t o  t h e  two governments .  

4 .  P l a c e  and  t ime  of  n e x t  meet ing  

The n e x t  meet ing  is  t e n t a t i v e l y  s c h e d u l e d  t o  b e  h e l d  i n  Dallas 
on A p r i l  9 and 10, '974. 

These d a t e s  c o u l d  be mod i f i ed  i n  f u n c t i o n  o f  t h e  e x p e r t i s e  work 
u r o g r e s s  . 



D.E.P. m n"/67 
P a r i s ,  F e b r u a r y  20 ,  1974 

NORWEGIAN ASSOCIATION TECHNICAL COMMITTEE 

P r o p o s a l s  o f  ELF-NORGE, O p e r a t o r  

1 .  Choice o f  DP 2 - L o c a t i o n  and number o f  w e l l s  

The a t t a c h e d  append ix  t r e a t s  t h e  f a c t o r s  g o v e r n i n g  t h e  c h o i c e  of 
l o c a t i o n  and number o f  w e l l s  which w i l l  b e  d r i l l e d  from t h e  p l a t f o r m .  

The o p e r a t o r  recommends l o c a t i n g  DP 2 a t  p o i n t  2 O  0 4 '  23" E a s t ,  59O 53' 
10" Nor th .  A s  f o r  DP 1 ,  t h e  number of w e l l s  is f i x e d  a t  24. 

2. DP 2  J a c k e t  E n g i n e e r i x  

The w a t e r  d e p t h s  a t  DP : and DP 2 l o c a t i o n s  a r e  v e r y  similar (98 and 100 m). 
Fu r the rmore ,  t h e  number of w e l l s  and  t h e  s u r f a c e  i n s t a l l a t i o n s  a r e  
p r a c t i c a l l y  t h e  same. 

The o p e r a t o r  t h e r e f o r e  recommends s e l e c t i n g  a j a c k e t - t y p e  p l a t f o r m  
similar t o  DP 1. 

For  t h i s  j a c k e t ,  as from August 1974 we s h a l l  have 3,500 t of s t e e l  a t  
o u r  d i s p o s a l .  T h i s  s t e e l ,  bought  a t  an  a t t r a c t i v e  p r i c e ,  w a s  i n t e n d e d  
f o r  TP 1. C o n s t r u c t i o n  can  t h e r e f o r e  g e t  underway a t  a n  e a r l y  d a t e .  

With r e s p e c t  t o  t h e  complementary e n g i n e e r i n g  work t o  be  c a r r i e d  o u t ,  
based  on DP 1 e n g i n e e r i n g ,  t h e  o p e r a t o r  p r o p o s e s  e n t r u s t i n g  t h i s  t o  
McDermott-Hudson as from March 1974. The i n v i t a t i o n s  t o  b i d  f o r  
c o n s t r u c t i o n  o f  t h e  j a c k e t  and s u p p o r t  f rame would be  s e n t  o u t  i n  
June 1974. 

3 .  DP 2. Deck modules e n g i n e e r i n q  

A s  f o r  t h e  j a c k e t ,  t h e  deck  modules w i l l  b e  o f  similar d e s i g n  t o  
t h e  DP : modules.  A few improvements w i l l  b e  made i n  view of p r e v i o u s  
e x p e r i e n c e .  

The company LUMMUS w a s  r e s p o n s i b l e  f o r  t h e  d e t a i l e d  e n g i n e e r i n g  work of 
t h e  DP 1 modules.  The o p e r a t o r  recommends e n t r u s t i n g  them w i t h  t h e  
complementary e n g i n e e r i n g  work and t e c h n i c a l  documents f o r  a n  i n v i t a t i o n  
t o  b i d  f o r  c o n s t r u c t i o n  which would be s e n t  o u t  i n  J u l y  1974. 

4. I n v i t a t i o n  t o  b i d  f o r  DP 2 i n s t a l l a t i o n  

The o p e r a t o r  recommends r e s e r v i n g  t h e  means o f  i n s t a l l a t i o n  o f  DP 2 i n  
1976 as soon a s  p o s s i b l e .  



An invitation to bid, based on the installation of DP 1 ,  could be sent 
out at the beginning of April. The contractor could be selected before 
the end of May 1974 and must accept the usual cancellation clauses, in 
particular, no cancellation fee payable in the case of cancellation before 
July 1 ,  1974. 



DRILLIGG PLATFORM !To 2  

DP 2 - 

1. REQUISITE XUIGSER OF 'JELLS 

Appendix I s u p p l i e d  t o  t h e  T e c h n i c a l  Comni t tee  meet ing  o f  Oc tober  
16 1973>gave  d e t a i l s  of  t h e  a n t i c i p a t e d  p r e s s u r e  e v o l u t i o n  and 
t h e  number of w e l l s  n e c e s s a r y  t o  meet t h e  f l o J  rates f o r e s e e n  
i n  t h e  s a l e s  c o n t r a c t s .  

I n  view of  t h e  s a f e t y  c o n d i t i o n s  l a i d  down, i n  p a r t i c u l a r  t h e  
s h u t  down o f  t h e  c l u s t e r  l i n e s  f o r  work-over o p e r a t i o n s ,  t h e  
r e q u i s i t e  number o f  w e l l s  was 4 8 .  

These 48 we l l s  were d i v i d e d  i n t o  4 c l u s t e r s  o f  12 w e l l s ,  s i t u a t e d  
on  2  p l a t f o r m s .  

It t h e r e f o r e  f o l l o w s  t h a t  DP 2 p l a t f o r m  shou ld  have a similar 
r o l e  and similar c a p a c i t y  t o  t h a t  o f  DP 1. 

2. BASIC PRINCIPLES 

The b a s i c  p r i n c i p l e s  remain t h e  same, e s p e c i a l l y  i n  view o f  t h e  
f a c t  t h a t  no p r a c t i c a l  e x p e r i e n c e  w i l l  have been a c q u i r e d  on 
DP 1 b e f o r e  t h e  e n g i n e e r i n g  work on DP 2 is u n d e r t a k e n ,  

These p r i n c i p l e s  are : 

- 2 c l u s t e r s  of 12 w e l l s  at a d i s t a n c e  o f  8 m s e p a r a t e d  by  a 
f i r e - p r o o f  w a l l  

- e a c h  w e l l  is  connec ted  t o  a s e p a r a t e  s c r u b b e r  t o  check the  
sand and e l i m i n a t e  condensed l i q u i d s .  

- t h e  w e l l s  are connec ted  t o  a m a l i f o l d  d i r e c t i n g  t h e  &as 
produced t o  two 26" s e a - l i n e s  

- t h e  l i q u i d s  a r e  conveyed s e p a r a t e l y  t o  t h e  Treatment  p l a t f o r m  

- a n  8" k i l l i n z - l i n e  e n a b l e s  i n j e c t i o n  o f  mud from TP 1 

- p r o v i s i o n a l  q u a r t e r s  a r e  f o r e s e e n  on DP f o r  o p e r a t i n g  c rews  
b u t  f o r  t h e  e x p l o i t a t i o n  phase ,  o p e r a t i o n s  a r e  performed by 
remote c o n t r o l  from QP 

- D r i l l i n g  o f  w e l l s  w i l l  b e  c a r r i e d  o u t  w i t h  t h e  SAIPICM r i g .  



3 .  ANTICIPATED MODIFICATIONS 

The exper ience acqui red  on the  DP 1 engineer ing  work which is 
near  completion h a s  l e d  u s  t o  envisage a few modi f ica t ions  f o r  
DP 2. 

3 .1  Wells 

30 " conductor p ipes  a r e  fo reseen  i n  o r d e r  t o  have a c e r t a i n  
f l e x i b i l i t y  dur ing  d r i l l i n g  and t o  be a b l e  t o  cement an e x t r a  
ca s ing  i f  necessary .  

I f  t h e  jacke t  dimensions remain t h e  same, it would be  p o s s i b l e  
t o  i nc rea se  t he  spac ing  between w e l l s  ( f o r  t he  moment 2.5 X 2 m) 
and t o  modify wel l  arrangement. 

3 .2  Quar t e r s  

Living q u a r t e r s  ( 1 5  cab ins )  a r e  p r e s e n t l y  planned i n  module 
4  of DP 1 bu t  i t  h a s  been necessary  t o  i n s t a l l  some pumps 
and t anks  i n  t h e  support  frame. 

For DP 2 a p lan  w i l l  be considered f o r  i n s t a l l i n g  b igger  
l i v i n g  q u a r t e r s  on t h e  d r i l l i n g  deck,  a f t e r  removal of t h e  
compact r i g ,  t o  house product ion and work-over crews. 

I n  t h i s  way, module 4 w i l l  be l i b e r a t e d  f o r  t e c h n i c a l  equipment. 

The work-over r i g  f o r  DP 1 and DP 2 is  c u r r e n t l y  be ing  s tud i ed .  

4. LOCATIOX OF THE PLATFORM 

We propose t o  l o c a t e  t he  pla t form 300 m sou th  west of wel l  
25-1-1. This  p o s i t i o n  w i l l  enable  t he  24 w e l l s  t o  be d iv ided  
up so t h a t  h a l f  a r e  i n  t he  U.K. zone and h a l f  i n  t h e  Norwegian 
zone. This  l o c a t i o n  is a l s o  s u i t a b l e  from t h e  po in t  of view 
of water  depth.  
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1. GENERAL 

1 .1  WELL LOCATION 

The FRIGG gas  field will be developed f r o m  two dril l ing 
platforms. The present  repor t  deals  only with the f i r s t  
dril l ing platform (DP 1, i. e. Drilling Pla t form 1). 

1. 1. 1 Well targets  and platform location 
(Figure 1) 

The ta rge ts  of the wells at approximately 1850 m (depth 
re ference  being the ro t a ry  table) are distributed within a 
regular  square pattern,  a s  shown in F igure  1. The well 
spacing is equal to the s ides  of the squares ,  i.e. 250 m. 
Twenty four wells will be dril led,  of which twelve a r e  
located in the Br i t i sh  zone and twelve in  the Norwegian zone. 
The platform DP. 1 i s  located in the Brit ish zone a e  shown 
with i t s  co-ordinates in F igure  1. 

1. 1. 2 Well identification sys tem 
(Figure l )  

Figure 1 shows a lso  the well identification system. Each well 
i s  identified through i t s  conductor pipe according to a re ference  
sys tem which is composed of a mat r ix  notation (1 11, 112,. . . , 
l lb. 12 1. . . , 146) and a drilling o rde r  numbering as per  
Norwegian regulations. 

1 .2  DRILLING PROGRAM DESIGN 

It is imposed by the completion program, which includes a 
7-5/8-in. tubing and a 7-1/16-in. X 5000-lbs wellhead. 
Consequently, the casing profile of the wells will include 
26-in. (driven conductor pipe). 13-3/8 in. and 9 -5/8-in. 
s t r ings.  There  will be four  exceptions to this p rogram : 
the three f i r s t  wells (No. 133 o r  25/1 -A-1. No. 112 o r  
25/1 -A-2. No. 142 o r  25/1 -A-3) which will be  equipped with 
18-5/8-in. intermediate s t r ings ,  and the twelfth well (NO. 111 
o r  25/1-A-12), which will be equipped with 36-in. (driven 
conductor pipe), 16-in. and 9 -5/8-in. strings.  

The reasons  for  these exceptions will be developed in a 
subsequent paragraph of the present  report .  



To begin with, it has been possible to assign all the wells 
from the westward cluster to the British zone (wells 1 to 12). 
and the wells from the eastward cluster to the Norwegian 
zone, thanks to the selection of the well conductor pipes. 
Then, taking into account the build-up points and the various 
courses of the wells, i t  has been attempted to minimize the 
r isks of intersection. 

Figure 8 reflects clearly the selection criteria, a s  well a s  
the relative positions of the wells in respect to each other. 
It shows that the location of the wells i s  to be controlled 
while placing the conductor and surface pipes and while 
starting deflection, in order to prevent al l  incidents. 
Unfortunately, it i s  impossible to orient the wells a s  early 
a s  the f i rs t  phase, due to the drilling difficulties inherent 
to this phase. 

1 .5  COMPLETION DESIGN 

The dovinhole and surface equipment of the FRIGG wells has 
been selected on the basis of the following cri teria : 

- maximum safety 

- easy operation 

- minimum wellbore damage 

- maximum through-bore 

1 .  5. 1 Tubing and downhole equipment 

Due to the high production rates considered, i t  was necessary 
to select the maximum bore sections compatible with the 
casing programs of the wells. 

The production string i s  composed of a 7-  5/8-in. tubing, 
the main characteristics of which a r e  : 

. I . D .  6. 875 in. 

. Steel grade 

. W eight 

. Collapse resistance 

. Bursting resistance 

N-80 

29. 7 lbs. /ft. 

330 bars  

475 bars  



The smallest I. D. of the downhole equipment i s  4.750 in.. 
with the exception of the subsurface safety valve, which has 
an I. D. of approximately 4 in. 

The packer will be of the hydraulically-set type, the operation 
of which i s  simple. 

The downhole equipment includes an on-off seal connector. 
the central part of which remains fixed to the packer. It i s  
equipped with a seat to receive a blank plug. This connector 
permits the production string to be installed without rotation. 

All diameter changes of the production string a r e  protected 
by oversized blast joints to protect against abrasive action 
of the flowing gas. 

l .  5. 2 Subsurface safety valves 

A hydraulically controlled subsurface safety valve will be 
installed a t  approximately 50 m underneath the mud line 
to shut off the well in case of malfunction of the surface 
equipment. 

This valve will be selected after a ser ies  of handling and 
operating tests with gas, which will be performed in the 
ELF Test Center of FOURC and in the LACQ field. 

1. 5 .  3 Christmas tree assembly 

The valves composing the christmas tree assembly have 
a bore of 7-1/8 in . ,  and a re  self-lubricating. 

The lower part of the christmas tree assembly is composed 
of a solid block, which offers advantages both from a view- 
point of safety and of size. The upper part of the christrnas 
tree assembly is  composed of easily interchangeable 
components (in case of damage through erosion, especially). 

All surface equipment i s  protected by special paint, o-ring 
protective devices and coatings against marine corrosion. 

l .  5. 4 Sand control 

Taking into account the fact that the FRIGG reservoir i s  
composed of unconsolidated sands, a sand control process 
has been planned. 



An 8-in. 0. D. , sc reen  type has  been selected,  wrapped 
with s ta inless  s tee l  wire .  

At the moment,  var ious types of s c reens  a r e  in  the p rocess  
of being tested.  The most  appropriate  type will be selected 
upon examination of the tes t  resu l t s .  

The single-wrapping type h a s  proved sat isfactory in  actual  
field tes t s  c a r r i e d  out in well 25/2-1 (FRIGG-EAST), and 
s e e m s  to  be suitable. 

The final choice will be made in a few weeks as soon as the  
t e s t s  with gas  in the LACQ field a r e  completed. 

l .  5. 5 Packer  fluid 

The annular space between the 7-5/8-in. tubing and the 
9-5/8-in.  X 10-3/4-in. casing will be filled with d iese l  oil. 

The hydrostatic column thus achieved will be sufficient 
to hold the r e se rvo i r  p r e s s u r e  a f te r  a cer ta in  t ime of 
production. This packer  fluid has  following advantages. 

The fluid is iner t  and protects  the outer face of the 7-5/6-in. 
tubing, the 1/4-in. control line of the  subsurface safety valve 
and the production casing s t r ing  against  corrosion. 

The absence of solids in the packer fluid avoids sedimentation 
problems in the annular space.  Possible  workover operations 
may  thus be c a r r i e d  out with a maximum of simplicity and. 
consequently, with the best  possible conditions of safety. 



2. DRILLING PROGRAM 
(Table 2) 

2. 1 Install by driving and drilling the 26-in., l-in. W. T., grade 
X-52 conductor pipe at  180 m (depth reference: rotary table 
at  Z r 41 m approx. ) using the drilling rig. 

2.2 Drill 1 7 - 1 2  in. down to approximately 450 m (depth reference: 
rotary table). This section will be drilled with lost circulation. 
The mud will be a sea-water base mud with a high content of 
colloids (120 kg/m3), the viscosity being controlled with 
F. C. L. 

2.3 Set the 13-3/8-in. casing, 68 lbs./ft., J-55, Buttress thread. 
a t  the previous depth. A complementary cement job down the 
annular space will be planned. 

Install the solid block 13-5/8-in. 5000 wellhead. 

Install the 13-5/8-in. - 5000 B. 0. P. stack (three ram-type 
preventers and one annulus-type preventer). 

Test the wellhead at  250 bars. Test the casing string a t  
100 bars. 

2 .4  Drill 12- l in. down to approximately 1850 m vertical 
depth (top of the reservoir). The build-up will be initiated 
between 500 and 750 m. The maximum drift of the holes will 
be comprised between 12' 38' and 35. 35', the horizontal 
deflection varying between 250 and 791 m (see Figure 1). 
One well will be vertical. The actual drilled depth on the 
well having the maximum drift will be 2087 m. 

In order to render the subsequent well completion more 
efficient, i t  is absolutely necessary to stop drilling a s  
near a s  possible to the pay zone, without entering into it. 
Drilling will thus be stopped about ten meters  above the 
pay zone in the overlying Neocene shales. 



In the present state of knowledge of the pool, this operation 
may prove rather delicate. It has therefore been decided 
to lower the 9-5/8-in. string in the f i r s t  three wells after 
entering about ten meters in the top of the reservoir.  To 
perform this job in the best possible conditions of safety, 
a 18-5/8-in. intermediate casing will be run down to 
approximately 800 m in these f irst  three wells (for details 
a s  to these three wells, which correspond to conductor pipes 
133, 112 and 142, see Figure 7 and Table 2). The data 
collected in these wells will then permit interpolating the 
correlation with the next lying wells, and to stop them a t  
the desired depth. 

The mud used to drill  through this zone, the so-called gumbo 
shales, will be a F. C. L. mud with a weight of 1. 30, a Marsh 
viscosity of 70 seconds, a filtrate kept constant a t  approximately 
5 cm3 and a pH comprised between 9. 5 and 10. 

2 .5  Install a t  1850 m vertical depth a 10-3/4-in. X 9-5/8-in. 
tapered casing string. The 10-3/4-in. casing weighs 55. 5 lbs. /ft. 
grade N-80, with VAM thread. The 9-5/8-in. casing weighs 
47 lbs. /ft. , same grade and thread. The 10-3/4-in. casing 
wil l  be installed in the upper part  of the string over a height 
of 250 m. The remaining part of the string will be compoaed 
of 9-5/8-in. pipes. 

Land the 10-3/4-in. x 9-5/8-in. tapered string in the compact 
wellhead. Cement up to the shoe of the 13-3/8-in. string 
(provide for special cementing plugs). Seal the 10-3/4-in. 
annulus in {he solid block wellhead. 

Test the wellhead a t  250 bars  and the casing string a t  200 bars. 

2. 6 Drill 8-1/2 in. into the pay zone over 60 to 70 m approximately. 



3. WELL COMPLETION OPERATIONS 

The entire completion job can be divided into four main phases : 

- Install the wrapped screen string 

- Assemble at  surface the downhole equipment and run the 
production string 

- Set the packer, change fluid, land the production string 

- Install the christmas-tree assembly. prepare the well for  
flowing. 

3. 1 INSTALLING THE WRAPPED SCREEN LINER 

The screen liner i s  composed of (from top to bottom) : 

. Packer-type hanger assembly ) 
length to be defined 

. Blank l iners ) according to position 

. Screens ) in open hole 1 

. Centralizers, inserted in regular intervals 

. Rotary shoe 

The liner setting equipment i s  composed of : 

The hanger setting tool 

A 2-?/S-in. tail pipe made upon the hanger setting tool 
i s  engaged in the rotary shoe. 

A bentonite-treated f resh water mud will be used to drill 
the gas zone. The mud i s  to be thoroughly desanded and 
desilted prior to lowering the wrapped screens. 

After positioning the wrapped screen liner (final depth). 
the mud will be displaced with a brine, and the cake wi l l  
be destroyed using a phosphate solution, in order to avoid. 
a s  far  a s  possible, the using of hydrochloric acid. 

After setting the liner, pull the liner setting string. 



3.2 SURFACE ASSEMBLING OF DOWNHOLE EQUIPMENT AND 
RUNNING THE PRODUCTION STRING 

(a) The equipment used in connection with downhole 
measurements : 

. a spacer tube to protect the bombs 

. a landing nipple to hang the bombs 

. a perforated pipe 

(b) A landing nipple used for setting the packer and 
installing a safety valve. 

A thick-wall tail pipe. 

A hydraulically-set permanent packer. 

( c )  The anchor seal used a s  a quick-coupling device between 
the packer and the upper part  of the string. 

The on-off seal connector in closed and locked position. 

A flow coupling. 

A landing nipple. 

A flow coupling. 

All this equipment is prepared and tested a s  per vendore' 
instructions. 

NOTE : A special type valve is anchored in the landing 
nipple located below the hydraulic packer. While 
running in, the fluid inside the string can pass 
through the valve, but the valve is closed in the 
event of an abnormally high flow rate (blowout). 

- Run the 7-5/8-in. production string. 

- Make up the joint a t  the torque recommended by the 
manufacturer. 

- Test each joint using the Castor Hawk of Weatherford. 



- A short joint and a shoulder flange nipple will be 
incorporated in the string so  that, when the shoulder 
flange nipple comes to r e s t  on the 10-3/4-in. x 9-5/8-in. 
reducing nipple, the packer is positioned exactly at  
setting depth. 

3.3 SETTING THE PACKER 

- Rig up the wireline service equipment. 

- Run the wireline tool string and close the downhole safety 
valve. 

- Pressurize the production string a t  the pressure recommended 
by the packer manufacturer and set the packer. 

- Bleed off the pressure. 

- Pull the wireline tool string and install a blank plug in 
the seat provided for in the fixed part  of the on-off seal  
connector. 

- Unlock the on-off seal connector and pull the tubing string 
until the short joint above the shoulder flange nipple can 
be removed. 

- Make up the shoulder flange nipple again. 

- Make up the landing nipple of the safety valve and insthll 
the safety valve inside the dummy choke. 

- Adapt the 1/4 in. control and test line to the landing nipple 
and test. 

- Make up the flow coupling above the landing nipple. 

- Run the 7-5/8-in. production string for final completion. 
fastening the 1/4-in. line on the 7-5/8-in. string with 
special clamps. 

- Lower the production string close to the depth a t  which the 
on-off seal  connector becomes engaged. Make up the 
tubing hanger. Cut the 1/4-in. pipe , wrap i t  several turns 
around the 7-5/8-in. pipe and fasten i t  upon the 7-5/8-in. 
string. 



- Move the two par ts  of the on-off seal connector a t  
approximately one meter from each other by lowering the 
string. 

- Install a circulating head on the production string. Circulate 
to replace the mud in the well with the completion fluid. 

After displacing the mud : 

- Engage the two parts  of the on-off seal connector. 

- Before landing the production string on the hanger, pass the 
1/4-in. line through a lateral outlet of the tubing head. 

- Land the production string on the hanger. 

3.4 INSTALLING THE CHRISTMAS-TREE 

- Break down the handling pipe. 

- Nipple down the blowout preventer stack. 

- Install the solid block and test the lower flange up to 350 bars.  

- Rig up the christmas tree. Connect the well to the f lare stack. 

- Wireline operation to : 

. pull the upper blank plug 

. pull the lower blank plug 

. install the subsurface safety valves. 

- Well is ready for clean up. 



4. TEST WELL EQUIPPED WITH UNDERWATER VALVES 
(Figure 10) 

In order to check how safety could be improved on future 
platforms, i t  has been decided to equip one well of platform 
DP 1 with a submerged fail-safe valve system a t  30 meters  
below sea level. These valves permit controlling the 7-5/8-in. 
tubing and the 10-3/4-in. x 7-5/8-in. annulus (see Fig. 10). 
They automatically close in case of an accident destroying 
the platform decks (namely, fire). A second set of hand- 
operated valves can be closed by divers. 

Such an equipment, which has been developed for wells completed 
with small  size tubing, i s  a prototype in the conditions of 
FRIGC. Its use i s  very delicate. Its manufacturing is expensive. 
since the overall cost of the well increases by a t  least fifty 
percent. Moreover, the balance between the risks. involved 
in the installation of such equipment, and the additional safety 
gained, may be unfavorable. In order to check and to investigate 
thoroughly these points, i t  has been decided to install only one 
such prototype equipment on the FRIGG platform. 

The conductor pipe selected for the installation of this equipment 
i s  the pipe No. 11 1. The guides of the conductor pipe have been 
modified on the structure so  a s  to permit placing a 36-in. 
conductor pipe and underwater valve operators. 

Schematically, the program of the test well equipped with 
underwater valves is a s  follows (Fig. 6 and 10 - Table 2). 

(1) Using the rig, se t  the 36-in., l-in. W.  T . ,  grade X-52 
conductor pipe at  180 m (depth reference : rotary table). 

(2) Drill 22 in. down to approximately 450 m. 

(3) Run 16-in.. 84-lbs. /ft. . 5-55, Buttress thread casing 
down to this depth. Install a 16-3/4-in. x5000 housing 
at  30 m below sea level. Cement. 

(4) Connect to the housing a special hydraulic. 34-in. 0. D. 
connector (prototype), extended by 16-3/4-in. - 5000 
r iser ,  which can be lowered through the 36-in. conductor 
pipe. Nipple up the 16-3/4 in. - SO00 B. 0. P. stack. 
Test both B. 0. P. stack and r i se r  at  250 bars. Test 
the conductor pipe a t  100 bars. 



(5) Dril l  12-1/4 in. down to about ten m e t e r s  above r e se rvo i r  
top. Run a 10-3/4-in. X 9-5/8-in. tapered casing s t r ing  
down to the same  depth. Cement. Seal the 10-3/4-in. 
annulus. Test  both B. 0. P. stack and r i s e r  a t  250 ba r s .  
Test  casing s t r ing  a t  200 ba r s .  

(6) Dri l l  8 - l / 2  in.  into the r e se rvo i r .  Install  the wrapped 
sc reen  l iner .  Run tubing and completion equipment. 
Install tubing head (prototype). 

(7) Plug tubing a t  bottom, tubing inlets, annulus and 1/4-in. 
line a t  tubing head with blank plugs. 

(8) Nipple down the 16-3/4-in. - 5000 B. 0. P. stack. Pull 
the special  hydraulic connector and the 16-3/4-in. - 
5000 r i s e r .  Cut the 30-in. conductor pipe a t  30 m below 
s e a  level. 

(9) Lower valve block assembly  (prototype), 7-5/8-in. 
tubing, 2 -7/8 -in. a c c e s s  tubing to annulus. 2 -7/8-in. 
access  tubing to 1/4-in. control l ine of downhole safety 
valve, control line of fail-safe valves, 20-in. production 
r i s e r .  Connect to 16-3/4-in. - 5000 housing using a 
diver -operated mechanical connector. 

(10) Lower 36-in. protective conductor pipe. 

(1 1) Rig up chr i s tmas  t r ee .  Open the a c c e s s  tubings to the 
annulus and the 1/4-in, control line. Bring in the well. 



The EMSCO C3 SAIPEM has  been selected as dril l ing rig.  
I ts  charac ter i s t ics  a r e  the following : 

5. DRILLING RIG 

- Winch EMSCO C3 

- Derr ick  Loc C. Moore 147 ft. 

- Pumps 2 EMSCO D-1350 

- Engines 9 caterpi l lar  V12 D398 

- B. 0. P. s tack 1 Cameron. type U. twin. 13-3/8 in. -5000 
1 Cameron. type U,  single, 13-3/8 in. -5000 
1 Hydril, type GK, 13-3/8 in. -5000 

The installation of the B. 0. P. stack on the compact wellhead is 
represented by  Figure 11. 

- Storage facil i t ies : 

. mud 

industrial  water 

s e a  water  

. f r e sh  water 

. gas  oil 

. bulk products 

. sack-packed products 

. tubular goods. 



6. ORGANIZATION O F  THE DEVELOPMENT DRILLING PROGRAM 

The development p rogram provides for drilling of the 24 f i r s t  
wells f rom platform DP 1. It is organized a s  follows : 

(1) Setting of 2 3  16-in. conductor pipes and of the 36-in. 
conductor pipe. 

(2) Drilling and completing the vert ical  well (conductor pipe 133). 

(3) Drilling and completing well of conductor pipe 112. 

(4) Drilling and completing well of conductor pipe 142. 

(5) Setting the 13-3/8-in. casing s t r ings of the f i r s t  c luster .  

(6) Drilling and setting a11 9-5/8-in. casing s t r ing  of the 
remaining wells (except the tes t  well). 

( 7 ) .  Drilling and setting casing of the tes t  well. 

(8) 8-1/2-in. dril l ing and completing all wells not yet completed. 

(9) Production s tar t -up of the  wells of the f i r s t  c luster .  

(10) Setting the 13-3/8-in. casing s t r ings  of the second cluster .  

(11) Drilling and setting the 9-5/8-in. casing s t r ings  of the 
second cluster .  

(12) 8-1/2-in. drilling and completing all wells of the second 
cluster .  

(13) Production s ta r t -up  of the wells of the second cluster .  



APPENDIX I 

NOMENCLATURE O F  ATTACHED DRAWING (Fig. 9) 

(the numbers  correspond to the m a r k s  on the drawing) 

Conductor pipe 

Casing, 13-3/8 in. 

Casing, 10-3/4 in. 

Casing, 9-5/8 in. 

Setting device, s c reen  l iner  hanger 

Hanger, s c reen  l iner  

Central izer  

Tail  pipe 

Rotary shoe 

Shoulder flange nipple 

Reducing nipple, 10-3/4 in. X 9 - 5/8 in 

Short joint 

Production tubing. 7 -5/8 in.  

14. On-off sea l  connector 

Hydraulic packer 

Landing nipple, mandrel  

Safety valve. special  

Pipe,  perforated 

Landing nipple, downhole bombs 

Safety plug 

Landing nipple, safety plug 

Safety valve 

Control line, safety valve 

Boll-weevil hanger, production s t r ing  



APPENDIX I1 

MAIN OPERATING SEQUENCES AS REPRESENTED ON ATTACHED 
DRAWING (Fig. 9)  

A. Lowering the sc reen  l iner  equipped with cent ra l izers  (7) and 
ro tary  shoe (9) 

. cleaning open hole by circulating 

. anchoring the sc reen  l iner  setting device in the penultimate 
9-5/8-in. pipe (4) 

. pulling the setting string. 

B. Lowering the production string with the downhole equipment only. 
Safety valve (17) installed underneath the packer (1 5) 

. Positioning the hydraulic packer by supporting the shoulder 
flange nipple (10) on the 10-3/4-in. x 9-5/8-in. reducing 
nipple (1 1). 

C. Wireline operation. Closing the safety valve. 

. Setting the packer by pressur ing  the production string. 

D. After installing the second safety valve ( 20 ) .  disconnecting the 
on-off sea l  connector (14). Pulling out the production s t r ing to 
break-down the shor t  joint (12). 

E. Final lowering of the production string. P r i o r  to engaging the 
on-off seal  connector, circulating mud to displace the mud from 
the well with completion fluid. 

F. Well ready for clean-up 

. Engaging the on-off s ea l  connector. Landing the production s t r ing  
on the boll-weevil hanger (24) a f te r  installing the control line 
of the safety valve (23). 

. Nippling down the B. 0. P. stack. 

. Rigging up the chr i s tmas  t r e e  

. Pulling the blank plugs.  

. Installing the safety valve (22). 
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THE ARTICULATED COLUMN AND 

ITS APPLICATION TO A FLARE SUPPORT 

I. BASIC PRINCIPLE 

A marine platform is subjected by t h e  elemeota ( r idd.  ou r ren t ,  
s v e l l )  t o  fo rce8  of vhich the  a p p l i c a t i o n  po in t  of t h a  resultant 
is  s i t u a t e d  j u s t  under the su r face  of  t h e  water. 

This  r e s u l t s  i n  a t i l t i n g  moment which i n c r e a s e s  ae t h e  water 
depth where t h e  platform is t o  be i n s t a l l e d  g e t s  deeper. With 
s tandard f ixed  platforms t h e  r e s i s t a n c e  t o  t i l t i n g  is obtainod 
adequate dimensions of : 

- the  tubu la r  elembnts making up t h e  s t r u c t u r e  o f  t h e  platform 

- t h e  anchoring p i l e s  and the  depth of  t h e i r  hold i n  the  s e a  bed. 

The weight, dimensions and c o s t  of such p l a t f o r a s  inc rease  r a p i d l y  
with water depth. 

Research i n t o  t h e  p o s s i b i l i t y  of  o t h e r  lessheavy and l e s s  c o s t l y  
s o l u t i o n s  t o  the  problem of i n s t a l l i n g  platforms i n  very deep 
water have r e s u l t e d  i n  the idea  of  r ep lac ing  t h e  r i g i d  
anchoring of  t h e  platform t o  t h e  s e a  bed by an a r t i c u l a t e d  
connection designed t o  : 

- reduce the  hydrodynamic f o r c e s  by al lowing a c e r t a i n  movement 
of  t h e  platform 4 t h  the swel l  

- avoid t h e  t i l t i n g  moment being t ransmi t ted  t o  the  foundation 
system 

It is thus  poss ib l e  : 

- t o  reduce the  weight of t h e  s t r u c t u r a l  s t e e l  and thus  reduce 
its c o s t  

- t o  ecomonize on the  foundation system (base  b a l l a s t e d  with 
concre te )  

Although some new problems r a l a t e d  t o  movement of the  p l a t f o m  
and t o  the  a r t i c u l a t i o n  on the sea  bed a r e  c rea t ed ;  t h e s e  can 
be solved without t oo  much d i f f i c y l t y .  

The concept of an a r t i c u l a t e d  platform vas  thus  born. From t h e  
cons t ruc t iona l  po in t  of  view, i t  e s s e n t i a l l y  comprises the  
following elements : 

. An o s c i l l a t i n g  s t r u c t u r e  i n  t h e  form of a  column 

. A buoyancy chahber t o  provide the column wi th  adequate s t a b i l i t y  



. A b a l l a s t  t o  reduce t he  buoyancy o f  t h e  o s c i l l a t i n g  s t r u c t u r e  
t o  a reasonable  l e v e l  

. A base  r e s t i n g  on t h e  s e a  bottom 

. A un ive raa l  type j o i n t  between the  o s c i l l a t i n g  colPmn 
and t h e  base 

11. MECHANICS OF ARTICULATED PLATFORK 

2.1 Model and gene ra l  equat ion 
b 

The a r t i c u l a t e d  s t r u c t u r e  oan be reduced t o  a simple system 
moving i n  on ly  one plane - Che angle  of i n c l i n a t i o n  with  t h e  
v e r t i c a l .  

I n  t h i s  case ,  t h e  fundamental r e l a t i o n s h i p  of dynamics is 
' I t h u s  : 

I : moment o f  i n e r t i a  of column wi th  r e s p e c t  t o  0 

11:: moment o f  e x t e r i o r  f o r c e s  wi th  r e s p e c t  t o  0 

2.2 E x t e r i o r  f o r c e s  

The gene ra l  equa t ion  o f  t he  movement is s imple  bu t ,  on t h e  
o t h e r  hand, t h e  express ion  o f  t h e  e x t e r i o r  f o r c e s  is h i g h l y  
complex. I n  o r d e r  t o  d e a l  w i t h  t h e  problem i t  is neces sa ry  
t o  r e s o r t  t o  computer c a l c u l a t i o n s .  

The s t r u c t u r e  is d iv ided  i n t o  a c e r t a i n  number o f  e lements  
each one of which is  considered t o  be independent. 

For one element,  t h e  eva lua t ion  o f  t h e  f o r c e s  is as fol lows:  

2.2.1 S t a t i c  f o r c e s  : 

- weight : app l i ed  t o  t h e  c e n t r e  o f  g r a v i t y  

- t h r u s t  : app l i ed  t o  t h e  c e n t r e  o f  t h r u s t  

2.2.2.Stationary fo rce s :  

- wind (non-submerged element) 

- c u r r e n t  (submerged element) 

2.2.3 Hydrodynamic f o r c e s  

These r e s u l t  from i n t e r p r e t a t i o n  of dynamic prdssure  
on the  s u r f a c e  of t h e  element. 

The s o l u t i o n  of t h e  above equa t ion  l e a d s  t o  a second degree 
equa t ion  involv ing  t h e  vec tor  speeds  and a c c e l e r a t i o n  of t h e  



swel l  as wel l  a s  the  angular  speeds and t h e  angular  a c c e l e r a -  
t i o n  of t h e  column. 

The cons ide ra t ion  o f  these  parameters r e s u l t s  i n  a  complex 
mathematical model which i n  t h e  present  case  had t h e  advantage 
of  being c a l i b r a t e d  i n  accordance with the  r e a u l t s  of  both 
r e s e r v o i r  t e s t a  and p r a c t i c a l  t e s t s  on t h e  Elf-Ocean prototype.  . 

111. APPLICATION TO FLARE SUPPORT 

3.1 General 

The f l a r e  support  is i n  f a c t  t h e  s imples t  ca se  o f  t h e  use 
of  an a r t i c u l a t e d  column; 

- Small l oad  t o  be supported 

- No complicated o r  f r a g i l e  equipment 

- S t a b i l i t y  requirements l i m i t e d  t o  two cona ids ra t ions  - 
t h e  l eng th  of  t h e  submerged p a r t  o f  t h e  column under 
s e v e r e s t  cond i t ions  and mechanical p r o p e r t i e s  of t ubu la r  
connect ions of t h e  a r t i c u l a t i o n .  

On t h e  o t h e r  hand, passing the  o i l  l i n e s ,  which o f t e n  have 
l a r g e  diameter*, through t h e  a r t i c u l a t i o n  c r e a t e s  a d i f f i c u l t  
t echnologica l  problem. 

A t y p i c a l  a r t i c u l a t e d  f l a r e  column is gene ra l ly  as  fo l lows  : 
( s e e  a t t ached  ske tch )  

3.2 Column 

The g r e a t e r  l eng th  of  t h e  column c o n s i s t s  of t h r e e  long 
tubu la r  aembers, cwss-braced by l a t t i c e  g i r d e r s .  These 
angle  m e h s  can be used as f l a r e  l i n e s  as long a s  t h e  
g a s  is not  cor ros ive .  

The buoyancy chamber c o n s i s t s  of  a  cy l inde r ,  i n t e r n a l l y  
divided i n t o  compartments as a  s e c u r i t y  measure. The f l a r e  
l i n e s  pass  through t h i s  chamber which is suraounted by a 
" t i d a l "  compartment. The " t i d a l n  bnOpnhy.ahamber is 
designed t o  opt imiee t h e  dgnamic equi l ibr ium of the  column, 

The supe r s t ruc tu re  of  t h e  column isia cont inua t ion  of  the  
" t i d a l "  compartment. A working deck, aa which t h e  f l a r e  t i p s  
a r e  mounted, is s i t u a t e d  on t h e  uppermost p a r t  o f  the column. 

The concrete  b a l l a s t  is an i n t e g r a l  p a r t  o f  t h e  bottom of  
t h e  la t t ice-work.column and is  ca l cu la t ed  t o  l eave  t h e  
column with a buoyancy of around 100 t o n s  a t  rest. 



Auxi l ia ry  buoyancy tanks on t h e  o u t s i d e  o f  t h e  c r o s s  b races  
a r e  a t t ached  t o  t h e  column a t  b a l l a s t  l e v e l .  They a r e  
designed t o  provide adequate buoyanc? a t  t h e  foo t  of the  
column dur ing  t r anspor t a t ion  by f l o a t i n g .  These t anks  
f i l l  up during the  f i r s t  s t a g e  of i n s t a l l a t i o n  on site.  

This  c o n s t i t u t e s  the  foundation o f  the  column. Its mass must 
t he re fo re  ensure good s t a b i l i t y  under t h e  e f f e c t  of maxiaum 
f o r c e s  t o  which t h e  column is subjec ted .  It is made up of 
tw p a r a l l e l  c y l i n d r i c a l  buoyancy tanks  connected by metal  
p l a t i n g  on which b a l l a s t  concre te  is poured. The buoyancy 
t anks  a r e  designed t o  ensure t h a t  t h e  base  f l o a t s  proper ly  
during t r anspor t a t ion .  They f i l l  up with water during . H  

i n s t a l l a t i o n  on s i t e .  

3.4 A r t i c u l a t i o n  

The mechanical swivel connection between the  column and t h e  
base c o n s i a t s  of a un ive r sa l  type j o i n t  b i g  enough t o  bea r  
t h e  maximum f o r c e s  appl ied  t o  t h e  column with a reasonable  
s a f  e  t y  margin. 

I n  o rde r  t o  pas s  the  f l a r e  l i n e s  through t h e  a r t i c u l a t i o n ,  
f l e x i b l e  l i n e s ,  knee j o i n t s  o r  swivel  j o i n t s  can be used, 
according t o  purpose. 

".v - 
3.5 Method of t r anspor t a t ion  and i n s t a l l a t i o n  

The column and its base a r e  t ranspor ted  from t h e  cons t ruc t ion  
yard t o  t h e  s i t e  of  i n s t a l l a t i o n  by f l o a t i n g  them with t h e  
a i d  of buoyancy tanks. The base i e  doubled back along t h e  
column and f i rmly  locked a g a i n s t  i t .  

I n e t a l l a t i o n  on s i t e  proceeds i n  t h e  following manner : 

- The column is s l i g h t l y  t i l t e d  

- The base is unlocked from t h e  column 

- The e n t i r e  platform is t i l t e d  i n  t h e  water under 
c a r e f u l  c o n t r o l  

- The base is pos i t ioned  on t h e  sea  bed 

- The a r t i c u l a t e d  platform is  then put  i n t o  s e r v i c e  

The above ope ra t ions  a r e  c a r r i e d  out  s o l e l y  by remote 
con t ro l l ed  b a l l a s t i n g ,  t h e  manollwres being operated on t h e  
one hand, from a  l i g h t  s e r v i c e  vesse l  and on the  o t h e r  hand, 
from t h e  column i t s e l f .  



The e n t i r e  platform is maintained i n  p o s i t i o n  d u r i ~ g  t h i s  
phase by tug  boa ts .  

The column and its base a r e  designed i n  nuoh a way that 
t h e  process  can be reversed& *hove'ahb.~p%atiorm. 

IV . CONCLUSION 
The f a c t o r s  of  comparison between an a r t i c u l a t e d  and a fired 
platform depend on t h e  load  t o  be supported,  t h e  water depth and 
marine condi t ions .  I n  t h e  case  of t h e  Fr igg  s a f e t y  flare, t h e  
a r t i c u l a t e d  platform is a f a r  l e s s  c o s t l y  so lu t ion ,  the t o t a l  
c o s t  being roughly h l f  t h a t  of a f i x e d  platform. 
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