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SUMMARY 

The r e s u l t s  of w e l l  34/10-11, which was completed i n  

February 1981, and t h e  fol lowing seismic s t u d i e s  showed 

t h a t  a  h o r s t  i s  p r e s e n t  oh t h e  e a s t e r n  s i d e  of t he  

Delta E a s t  s t r u c t u r e .  

O i l  bear ing  sandstone of  Anundsen, S t a t f j o r d  and 

Triassic, wi th  a t o t a l  g r o s s  o i l  column o f  215 m, were 

encountered immediately beneath t he  Kimmerian 

unconformity a t  1868 m (RKB) . 
The e r o s i o n  by the  Kimmerian unconformity of t he  h o r s t  

i n  t h e  e a s t e r n  p a r t  has  led t o  a decrease  i n  the  area1 

ex tens ion  of t h e  Brent  and Cook r e s e r v o i r  compared with  

the  e a r l i e r  i n t e r p r e t a t i o n  ( r e p o r t  November 1980) . 
The geographic d i s t r i b u t i o n  of t h e  o i l  bear ing  r e s e r v e s  

now shows t h a t  Brent  r e s e r v e s  are confined t o  t h e  

western and c e n t r a l  p a r t  of t he  s t r u c t u r e ,  t he  Cook t o  

t he  c e n t r a l  a r e a  and S t a t f j o r d  l a r g e l y  t o  t he  e a s t e r n  

a r e a s .  

The Brent  i s  considered t o  con ta in  c i r c a  70% of  the  

recoverab le  re se rves ,  while t h e  Cook and the  S t a t f  j ord 

c o n t a i n  17% and 12% r e s p e c t i v e l y .  The t o t a l  

recoverab le  r e s e r v e s  are c a l c u l a t e d  t o  be 
6  3 9 3 242 X 1 0  m o i l  and 29 X 10 Sm gas. This  

r e p r e s e n t s  an inc rease  of  circa 5% r e l a t i v e  t o  t he  

v a l u e s  i n  t he  commercial i ty r e p o r t .  

Three a r e a s  of geo log ica l  u n c e r t a i n t y  i n  t he  e a s t e r n  

p a r t  of  t he  s t r u c t u r e  a r e  c u r r e n t l y  def ined  a s  

r e q u i r i n g  a p p r a i s a l  d r i l l i n g .  
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CONCLUS IONS AND RECOMMENDATIONS 

Conclusions. 

Cur ren t  recoverable  r e se rve  estimate S f o r  t he  
6 3 

Delta E a s t  f i e l d  are 242x10 Sm o i l  and 
9  3 29x10 Sm gas.  This  r e p r e s e n t s  an inc rease  of 

c i r c a  5% r e l a t i v e  t o  t h e  prev ious  e s t ima te .  

The s t r a t i g r a p h i c  d i s t r i b u t i o n  of r e s e r v e s  now shows 

t h a t  Brent ,  Cook and S t a t f  jord r e s e r v o i r s  a l l  con ta in  

s i g n i f i c a n t  volumes of hydrocarbons. The Brent  i s  

considered t o  c o n t a i n  70% of recoverab le  r e s e r v e s  while 

the  Cook and S t a t f j o r d  con ta in  17% and 12% 

r e s p e c t i v e l y .  

The geographic d i s t r i b u t i o n  of t hese  o i l  bear ing 

r e s e r v o i r s  shows t h a t  S t a t f  jord r e s e r v e s  are l a r g e l y  

confined t o  t h e  e a s t e r n  p a r t  of t h e  s t r u c t u r e ,  Cook 

r e s e r v e s  t o  t he  c e n t r a l  area and Brent  r e s e r v e s  t o  t h e  

c e n t r a l  and western a r eas .  

The presence of o i l  bear ing  S t a t f  jord formation i n  t h e  

e a s t  of t he  s t r u c t u r e  i s  r e l a t e d  t o  i t s  e l e v a t i o n  i n  a 

narrow but  prominent h o r s t  f e a t u r e  which has  now been 
i d e n t i f i e d  on t h e  east s i d e  of t h e  s t r u c t u r e .  

There remain t h r e e  a r e a s  of r e l a t i v e l y  h igh  

u n c e r t a i n t y  wi th  re spec t t o  t he  seismic i n t e r p r e t a t i o n  

and hence t h e  volume of  r e se rves .  The a r e a  of  major 
doubt  i s  the  southern p a r t  of t h e  h o r s t ,  t he  doubts  

being due t o  t h e  poor q u a l i t y  of t he  se ismic  d a t a  i n  

t h i s  a rea .  The nor thern  and southern l i m i t s  of t he  

c e n t r a l  area have a l s o  n o t  been adequately  d e l i n e a t e d  
and hence f u r t h e r  c o n t r o l  i s  requi red  i n  t hese  areas. 
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Recommendations 

Three main a reas  remain t o  be appraised and it i s  

suggested t h a t  three  f u r t h e r  wel l s  w i l l  be required t o  

adequately t e s t  these areas .  

P r i o r i t y  should be given t o  d r i l l i n g  the next  

appra i sa l  well in  the southern p a r t  of the h o r s t  block. 

The p o s s i b i l i t y  of deepening t h i s  w e l l  a s  an 

explora t ion  t e s t  of the  deeper ?Tr iass i c  horizon, 

should be considered, 
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INTRODUCTION 

This  r e p o r t  i s  a supplement t o  the 

geological/geophysical  p a r t  of the commerciality study 

of November 1980 of the Delta East  f i e l d ,  Block 34/10 

(see f ig .1 ) .  

Further  explorat ion d r i l l i n g  i n  the f i e l d  has continued 

s ince t h a t  d a t e  and following r e c e i p t  of the r e s u l t s  

from well 34/10-11, completed i n  February 1981 it was 

considered important t o  r e p o r t  on modif icat ions t o  our 

i n t e r p r e t a t i o n  which are re levan t  t o  the commerciality 

study. 

Object 

The r e p o r t  p resen t s  revised s t r u c t u r a l  mapping of the  

e a s t e r n  p a r t  of the f i e l d  and includes a f u l l  

d iscuss ion  of the  S t a t f j o r d  formation, shown t o  be a 

s i g n i f i c a n t  r e se rvo i r  by well  34/10-11, and a l s o  of t h e  

l imited r e s e r v o i r s  i n  the Amundsen Formation and the 

T r i a s s i c  . 
A s  mentioned i n  the 1980 r e p o r t  f u r t h e r  work has been 

undertaken on the Cook rese rvo i r  and t h i s  is  b r i e f l y  

reviewed here. 

A s  no add i t iona l  information on the s t r a t ig raphy  and 

rese rvo i r  c h a r a c t e r i s t i c s  of the  Brent r e se rvo i r  was 

obtained from 34/10-11 no comments have been made on 

these aspects .  

However, because of new s t r u c t u r a l  mapping, r e se rves  

have been reca lcula ted  f o r  a l l  r e s e r v o i r s  and the 

d i s t r i b u t i o n  of reserves  f o r  each rese rvo i r  is 
ind i c  a ted . 
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Data base 

This  supplement is  based on d a t a  from the  r e c e n t  w e l l  

34/10-11 i n  add i t i on  t o  t he  d a t a  used i n  t h e  

commercial i ty s tudy  completed l a s t  year .  

The geophysical  i n t e r p r e t a t i o n  w a s  based on a 

re-examination of t h e  3D seismic survey of  1979, 

i n t e g r a t i n g  with  the  r e s u l t s  o f  34/10-11. 

R e s u l t s  o f  34/10-11 

W e l l  34/10-11 shows t h a t  a h o r s t  is  p r e s e n t  on the  

e a s t e r n  s i d e  of t h e  Del ta  Eas t  s t r u c t u r e  and t h a t  an 

o i l  bear ing  S t a t f  jord Formation i s  p r e s e n t  almost  

immediately below t h e  Kimmerian unconformity. The 

Brent  Group is  t o t a l l y  eroded i n  t h i s  area. 

In w e l l  34/10-11 ( f i g u r e  2) t h e  late Kimmerian 

unconformity was encountered a t  1868 mRKB, under la in  by 

22 m of sandy Amundsen Formation, which i s  i n  p a r t  o i l  

bear ing .  This  i s  under la in  by 138 m of o i l  bear ing 

S t a t f  jord formation,  and an in terbedded Triassic 

sequence of sandstones  and mudstones i n  which the  

sandstones  are a l s o  o i l  bear ing  down t o  2083 mRKB (2058 

m s s )  . The S t a t f  jord Formation w a s  pene t ra ted  

420 metres h igher  than it w a s  prognosed suggest ing t h a t  

t h e  e a s t e r n  l i m i t  of t he  s t r u c t u r e ,  a d j a c e n t  t o  t h e  

main Viking graben, i s  a small b u t  prominent h o r s t  
f e a t u r e  ( f i g .  3) s t r u c t u r a l l y  d i f f e r e n t  from the  

sequence of d ipp ing  f a u l t  b locks  f u r t h e r  w e s t .  The 

d i f f e r e n c e  i n  s t r u c t u r a l  s t y l e  w a s  recognised 

prev ious ly  bu t  t he  throw of t he  f a u l t s  on the  w e s t  s i d e  

of t h e  h o r s t  was underest imated.  

D r i l l  s t e m  test r e s u l t s  i n  t h e  S t a t f  jord Formation 

showed the  o i l  t o  be s i m i l a r  i n  g r a v i t y  and g a s / o i l  

r a t i o  t o  t h a t  i n  the  Cook r e s e r v o i r  and higher  than the  

o i l  i n  t h e  Brent  r e s e r v o i r  t o  t he  w e s t .  Deta i led 
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d i s c u s s i o n  of  the  r ev i sed  s t r u c t u r a l  i n t e r p r e t a t i o n ,  

sedimentology and r e s e r v o i r  c h a r a c t e r i s t i c s  is  given i n  

t h e  r e l e v a n t  s e c t i o n s  which fol low.  
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2 STRUCTURAL INTERPRETATION 

2 . 1  Geophysical i n t e r p r e t a t i o n  

The d a t a  base used f o r  t he  r e i n t e r p r e t a t i o n  of t he  

seismic d a t a  fol lowing the  d r i l l i n g  r e s u l t s  from 

34/10-11 was t h e  same as t h a t  used i n  t he  earlier 

i n t e r p r e t a t i o n s  except  f o r  t he  a d d i t i o n  of l o g s  and 

w e l l  v e l o c i t y  r e s u l t s  from w e l l  34/10-11. 

2.1.2 Data q u a l i t y  ------------ 
The i n t e r p r e t a t i o n  of t h e  d a t a  and the  seismic 

r e f l e c t i o n s  which a r e  i d e n t i f i e d  i n  34/10-11 

s t rengthened t h e  impression t h a t  t h e r e  i s  a lateral 

v a r i a t i o n  in  d a t a  c h a r a c t e r  and t h i s  can a l s o  cause  

problems p a r t i c u l a r l y  i n  c o r r e l a t i o n  over t he  l a r g e r  

f a u l t s .  

In  add i t i o n  t o  t he  r o u t i n e  i n t e r p r e t a t i o n  of seismic 

s e c t i o n s ,  t he  s e i s c r o p  d a t a  w a s  a l s o  examined using a 
s p e c i a l i s e d  p r o j e c t o r .  This  d i d  n o t  improve the  d a t a  

q u a l i t y  bu t  made t h e  work on t h e  s e i s c r o p  d a t a  s impler  

and qu icker .  The log  d a t a  from 34/10-11 was poorer 

than normal due t o  d i s tu rbance  caused by the  cement 

plug which w a s  set i n  the  r e s e r v o i r  i n t e r v a l .  

2.1.3 Seismic i n t e r p r e t a t i o n  ...................... 
In a d d i t i o n  t o  t he  seismic r e f l e c t o r s  which were 

earlier i n t e r p r e t e d  and mapped, a s t rong  

i n t r a - S t a t f  jord r e f l e c t o r  was a l s o  i d e n t i f i e d  in  w e l l  

34/10-11. This  r e f l e c t o r  is  thought t o  c o r r e l a t e  wi th  

a  s h a l e  horizon i n  Uni t  2  (E i r iksson  Member). Exact 

c o r r e l a t i o n  wi th  t he  w e l l  l o g s  i s  unce r t a in  because o f  

t he  change i n  log c h a r a c t e r  caused by the  cement plug 

i n  t h e  r e s e r v o i r .  
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The r e f l e c t o r  i s  clear on the  se ismic  l i n e  through 

34/10-11 and t h i s  i s  poss ib ly  a r e s u l t  of i n t e r f e r e n c e  

between mul t ip l e  energy and t r u e  r e f l e c t i o n .  The 

r e f l e c t o r  i s  l a t e r a l l y  cont inuous i n  t he  e a s t e r l y  area 

but  however shows a p a r t i c u l a r  c h a r a c t e r  change which 

can be caused by the  divergence of d i r e c t  and mul t i p l e  

energy.  

The seismic  r e f l e c t i o n s  from the  t o p  and bottom of t he  

S t a t f j o r d  Formation, are as earlier i n t e r p r e t e d ,  shown 

t o  be much poorer.  Using t h e  i n t r a - S t a t f  jord r e f l e c t o r  

a s  a guide,  s t r u c t u r e  maps have been made f o r  t he  t o p  

and base of t h e  S t a t f  jord Formation. An isopach of t h e  

i n t e r v a l  between t o p  S t a t f  jord and t o p  Cook ( f i g .  21) 

w a s  used t o  c o n s t r u c t  t h e  t o p  Cook map. 

R e i n t e r p r e t a t i o n  of t h e  d a t a  has  a l s o  r e s u l t e d  i n  

s p e c i f i c  changes i n  t he  i n t e r p r e t a t i o n  of t h e  area 

between t ~ e l l s  34/10-9 and 34/10-11. This  has  mainly 

involved a change i n  the f a u l t  p i c t u r e  such t h a t  the  

e a s t e r l y  l i m i t  of  t h e  Brent  and Cook r e s e r v o i r  has  been 

brought  f u r t h e r  w e s t .  

2.1.4 Veloc i ty  and dep th  convers ion ............................. 
Veloc i ty  informat ion from 34/10-11 toge the r  wi th  some 

o t h e r  minor changes t o  t he  prev ious  i n t e r p r e t a t i o n  

have r e s u l t e d  in  a modified map of t he  average v e l o c i t y  

from mean sea  l e v e l  t o  t op  J u r a s s i c  (Fig.  11). In t h e  

e a s t e r n  p a r t  of t h e  D e l t a  E a s t  f i e l d ,  where t h e  

S t a t f j o r d  Formation has  been mapped, an approximate 

c o n s t a n t  i n t e r v a l  v e l o c i t y ,  corresponding t o  t h e  

v e l o c i t y  informat ion i n  w e l l  34/10-11, has  been used 

f o r  dep th  conversion.  

The s t r u c t u r e  maps and the  i n t e r p r e t e d  se ismic  

s e c t i o n s  (Figs.  4-10 and 12-14) demonstrate the  r e s u l t s  

of t h e  new i n t e r p r e t a t i o n .  
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The i n t e r p r e t a t i o n  s t i l l  shows the  e a s t e r l y  p a r t  of t h e  

s t r u c t u r e  t o  be broken up by smal le r  f a u l t s .  The n o r t h  

sou th  running,  wes te r ly  downthrowing f a u l t ,  which l ies 

e a s t  of 34/10-7 and w e s t  of 34/10-11, i s  cons ide rab ly  

l a r g e r  than prev ious ly  i n t e r p r e t e d  and i s  t h e  major 

f a u l t  which a c t s  as the  wes t e r ly  boundary of t he  h o r s t  

on which 34/10-11 w a s  d r i l l e d .  The e a s t e r l y  border of 

t he  n o r t h  south running h o r s t  c o i n c i d e s  wi th  the  

e a s t e r n  border of t h e  Del ta  s t r u c t u r e .  

The f a u l t s  i n  t h e  a r e a  w e s t  of t h i s  h o r s t  and d i r e c t l y  

w e s t  of w e l l  34/10-9 are seen as compensating f a u l t s  i n  

a p roces s  whereby t h e  D e l t a  s t r u c t u r e  w a s  broken up 

i n t o  r o t a t i n g  f a u l t  b locks ,  while t he  e a s t e r l y  a r e a ,  

t h e  h o r s t ,  was t h e  s t a b l e  element.  The f a u l t  throw 

seen i n  t h e  J u r a s s i c  sequence on t h e  w e s t  s i d e  of t he  

h o r s t  can t h u s  be l a r g e r  than f o r  deeper  hor izons .  

There are no i n d i c a t i o n s  from the  i n t e r p r e t a t i o n  of  

s t r a t i g r a p h i c  s e a l i n g  of t h e  f a u l t  immediately w e s t  of  

34/10-9. From the  known d i f f e r e n c e s  i n  o i l / w a t e r  

c o n t a c t s  and o t h e r  r e s e r v o i r  d a t a  it is  however 

suggested t h a t  t h i s  f a u l t  could have become sealed i n  

t he  f a u l t i n g  process .  

2.1.6 Discussion of t he  maps ...................... 
A comprehensive examination of t he  " se i sc rop"  maps 

toge the r  wi th  t he  earlier contour ing has  r e s u l t e d  in  

s m a l l  mod i f i ca t ions  t o  the  s t r u c t u r e  maps i n  t he  

wes t e r ly  p a r t  of t h e  Del ta  E a s t  f i e l d .  These changes 

have n o t  r e s u l t e d  i n  any s i g n i f i c a n t  changes t o  t he  

r e s e r v o i r  hor izons .  In  t he  e a s t e r l y  p a r t  of  t he  f i e l d  

t he  " se i sc rop"  maps are n o t  of  s u f f i c i e n t l y  good 

q u a l i t y  t h a t  they  can be d i r e c t l y  used f o r  fol lowing 

seismic r e f l e c t o r s  i n  d e t a i l ,  bu t  t h e  t r e n d s  i n  t he  

d a t a  confirm the  i n t e r p r e t e d  s t r u c t u r a l  p i c t u r e .  
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Thus it i s  poss ib l e  t o  i d e n t i f y  t he  s t r u c t u r a l  

e l e v a t i o n  of t h e  S t a t f j o r d  Formation j u s t  south  of 

34/10-11 on t h e  h o r s t ,  and i n  t h e  ad j acen t  area j u s t  

w e s t  of t h e  h o r s t  a t  34/10-7. 

Development of  t h e  De l t a  s t r u c t u r e  

The s t r u c t u r a l  development of  De l t a  E a s t  w a s  d i scussed  

i n  t h e  commercial i ty s tudy  b u t  t he  r e s u l t s  from 

34/10-11 suggest  some changes are requi red  t o  t h e  

i n t e r p r e t a t i o n  of t h e  pre  Cretaceous development. The 

e a s t e r l y  p a r t  of t he  s t r u c t u r e ,  which p r o j e c t s  as a 

high nose i n t o  the  Viking graben,  i s  now i n t e r p r e t e d  

as a major n o r t h  sou th  h o r s t ,  bounded t o  t he  w e s t  by a 

major n o r t h  south f a u l t  and bounded t o  t h e  east by the  

graben edge f a u l t .  The h o r s t  i s  a l s o  t runca ted  a t  i t s  

no r the rn  and southern l i m i t s  by ob l ique  f a u l t s .  In  t he  

area of  t h e  h o r s t  t h e  lower p a r t  of t h e  Dunlin Group 

subcrops t he  Kimmerian unconformity, and the  Brent  and 

Cook r e s e r v o i r s  a r e  absen t ,  t oge the r  wi th  t h e  Upper 

J u r a s s i c  sequence. Towards t he  nor thern  and southern 

l i m i t s  of the  h o r s t  t h e  S t a t f  jord and e v e n t u a l l y  t h e  

T r i a s s i c  s e c t i o n s  subcrop the  unconformity . 
In t h e  wes te r ly  p a r t  of t h e  D e l t a  E a s t  s t r u c t u r e  t h e  

series of wes t e r ly  d ipp ing  f a u l t  b locks  i s  st i l l  

recognised a l though these  a r e  now considered a s  

subs id i a ry  r o t a t i n g  f a u l t  b locks ,  r e s u l t i n g  from 

subsidence i n  t h e  w e s t  c o n t r a s t i n g  wi th  a s t a b l e  h igh  

h o r s t  block i n  the  e a s t .  These areas of c o n t r a s t i n g  

s t r u c t u r e  are separated by an in te rmedia te  zone o f  

r e l a t i v e l y  f l a t  ly ing  beds, a l though l o c a l  f l exu r ing  

and d i p  v a r i a t i o n s  can be expected,  as shown by w e i l  
34/10-7. The f a u l t  throw a g a i n s t  the  west s i d e  of the  

h o r s t  i s  l a r g e  wi thin  t h e  J u r a s s i c  s e c t i o n ,  and 

probably l a r g e r  than ind ica t ed  deeper  wi thin  t he  

T r i a s s i c  , suggest ing t h a t  much of t he  movement occurred 

a s  growth f a u l t i n g  dur ing  depos i t i on  of t he  sequence, 

and t h a t  s i g n i f i c a n t  f a u l t  r e l a t e d  slumping a l s o  took 

p lace .  
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Although the  major f a u l t  t rend  wi th in  t he  s t r u c t u r e  i s  

n o r t h  south and p a r a l l e l s  t h e  r eg iona l  t rend of the  

southern ex tens ion  of t he  graben,  a southwest n o r t h e a s t  

f a u l t  t rend i s  a l s o  prominent; t h i s  l a t t e r  i s  r e l a t e d  

t o  t h e  more dominant t rend f u r t h e r  n o r t h  and t o  t h e  

Shet land More alignment. This  t rend  i s  considered t o  

have become more a c t i v e  a t  a later s t age  and t h e  

s o u t h e r l y  l i m i t  of t h e  h o r s t  may be r e l a t e d  t o  

movements on t h i s  t rend i n  t h e  Lower Cretaceous. The 

n o r t h  south f a u l t s  w e r e  re juvenated however and some 

in f luence  can be seen wi th in  t h e  Paleocene. 
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STRATIGRAPHY AND SEDIMENTOLOGY OF THE STATFJORD 

FORMATION 

The d i scove ry  of an ex t ens ive  o i l  column i n  t he  

S t a t f j o r d  formation of  w e l l  34/10-11 has  led t o  a more 

d e t a i l e d  examination of t h a t  i n t e r v a l  i n  t he  w e l l s  on 

t h e  D e l t a  E a s t  s t r u c t u r e  which have pene t ra ted  it. 

In a d d i t i o n  the  w e l l  34/10-2, d r i l l e d  on the  Alpha 

s t r u c t u r e ,  w a s  a l s o  examined due t o  i t s  proximity  t o  

D e l t a  and because of t h e  cons ide rab le  amount of d a t a  

a v a i l a b l e  from t h i s  w e l l .  

Data a v a i l a b l e  

E igh t  w e l l s  have been d r i l l e d  i n t o  the  S t a t f  jord 

Formation i n  block 34/10 and of  t hese  it i s  considered 

t h a t  seven have pene t ra ted  t h e  e n t i r e  S t a t f j o r d  

sequence and encountered T r i a s s i c .  Of t h e s e  w e l l s  on ly  

t h r e e  have been cored i n  t he  S t a t f j o r d  and from two of 

t hese  t he  t o t a l  c o r e  recovered amounted t o  on ly  10 

me t r e s (6  m i n  34/10-4 and 4 m i n  34/10-9) -40 m of c o r e  

w a s  recovered from 34/10-11, (mostly from t h e  S t a t f j o r d  

Formation) and 5 0  m w a s  recovered from 34/10-2. 

The c o r e  from 34/10-2 r e f l e c t s  a d i f f e r e n t  s t r u c t u r a l  

regime from t h e  De l t a  E a s t  s t r u c t u r e  and t h e r e f o r e  

cannot  be used t o  i n d i c a t e  r e s e r v o i r  c h a r a c t e r i s t i c s  i n  

the  D e l t a  s t r u c t u r e ,  a l though it i s  u s e f u l  i n  

i n d i c a t i n g  r eg iona l  t r e n d s  i n  sediment t h i c k n e s s  and 

f a c i e s .  

In a d d i t i o n  t o  the  l imi ted  amount of core  d a t a ,  

c u t t i n g s  and s idewal l  core  samples have been examined, 

while t he  bas i c  w e l l  c o r r e l a t i o n  was c a r r i e d  o u t  using 

gamma r a y ,  FDC-CNL and dipmeter  logs .  
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Cor re l a t i on  (Figure  15) 

The base of t he  S t a t f  jord Formation i n  the  34/10 area 

has p rev ious ly  been i d e n t i f i e d  a t  a  high p o i n t  on t h e  

gamma curve wi thin  a w e l l  developed sha l e  sequence. 

This p o i n t  i s  d i f f i c u l t  t o  c o r r e l a t e  from w e l l  t o  w e l l  

a s  it i s  poor ly  def ined .  I t  a l s o  does  n o t  r e l a t e  t o  

t he  d e f i n i t i o n  f o r  the  base of t he  S t a t f j o r d  Formation 

by Deegan and Scu11(1977),  who r e f e r  t o  t he  base being 

picked a t  t he  base of  t h e  main sandstone development. 

The occurrence of red s h a l e s  i n  c u t t i n g s  and s idewal l  

c o r e s  w a s  examined t o  see i f  any c l e a r  c o r r e l a t i o n  

could be obtained.  The h i g h e s t  occurrence of red sha l e  

in s idewa l l  c o r e s  could be approximately r e l a t e d  t o  

s h a l e  under lying the  sand horizon thought t o  i n d i c a t e  

t he  base  of t h e  S t a t f j o r d .  In  a d d i t i o n ,  i n  w e l l  

34/10-1 t h e  dipmeter i n d i c a t e s  an inc rease  i n  

s t r u c t u r a l  d i p  a t  about t h i s  d e p t h  a l though i n  o t h e r  

w e l l s  dipmeter p a t t e r n s  are n o t  conclusive .  This  i s  

sugges t ive  of some l o c a l  s t r u c t u r a l  movement a l though 
over much of t he  s t r u c t u r e  it i s  l i k e l y  t h a t  

sedimentat ion w a s  cont inuous from the  T r i a s s i c  i n t o  t h e  

J u r a s s i c .  

The t o p  of t he  S t a t f j o r d  Formation i s  picked a t  the  

t r a n s i t i o n  from a r e l a t i v e l y  c l ean  normally medium t o  

c o a r s e  grained sandstone t o  t he  t h i c k  d a r k  grey  

micaceous sha le  sequence of t h e  Dunlin Formation, t h e  

lowest  member of which i s  c a l l e d  the  Amundsen Member. 

The Amundsen Member g e n e r a l l y  c o n s i s t s  o f  

non-calcareous sha l e  and s i l t s t o n e  and occas s iona l ly  

c o n t a i n s  t h i n  sandstone i n t e r v a l s .  It  i s  i n t e r p r e t e d  

a s  a  marine d e p o s i t .  In w e l l  34/10-11, a t h i n  sequence 

of t h e  Amundsen Member was p r e s e n t  between t h e  

Kimmerian unconformity and the  t o p  S t a t f  j ord Formation 

and t h e  lower p a r t  of t h i s  and the  c o n t a c t  wi th  t h e  

S t a t f  jord was cored.  Although no e r o s i o n a l  c o n t a c t  i s  

ind ica t ed  t h e r e  i s  a  f a i r l y  ab rup t  t r a n s i t i o n  from 

laminated,  non b io turba ted  f a i r l y  c l ean  sands of the  
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S t a t f  jord Formation i n t o  t he  i n t e n s e l y  b io tu rba t ed  , 
f i n e  gra ined ,  s i l t y  sands of t h e  Amundsen Member. 

An i sopach map f o r  t h e  S t a t f  jord Formation ( f i g u r e  16) 

was cons t ruc ted  us ing es t imated  th i cknesses  f o r  those  

w e l l s  having an i n d i c a t i o n  of f a u l t i n g .  This  w a s  

considered t h e  most real is t ic  case. A f u r t h e r  map w a s  

c o n s t r u c t e d ,  (Model 2, f i g u r e  17) us ing t h e  a c t u a l  

t h i c k n e s s e s  p r e s e n t  i n  a l l  w e l l s ,  assuming t h a t  a l l  

w e l l s  are unfaul ted i n  t h e  S t a t f j o r d  Formation. The 

two maps were later compared when g r o s s  rock volumes 

were c a l c u l a t e d .  

The i sopachs  show a  genera l  th ickening  of t he  s ec t ion  

towards t h e  w e s t ,  t h e  t h i n n e s t  s ec t ion  occur r ing  over  

t h e  e a s t e r n  h o r s t  block. The Model 2 i sopach shows the  

t h i n n e s t  s e c t i o n  t o  l i e  i n  t h e  south east of t h e  f i e l d .  

Subdivis ion of t h e  S t a t f  jord Formation. 

The S t a t f j o r d  Formation has  been subdivided i n t o  t h r e e  

u n i t s  which can be broadly r e l a t e d  t o  t he  t h r e e  members 

def ined  by Deegan and S c u l l  (1977),  namely t h e  Raude, 

E i r iksson  and Nansen members. However it i s  recognised 

t h a t  t he  u n i t s  c o r r e l a t e d  i n  t h e  34/10 D e l t a  E a s t  

s t r u c t u r e  cannot  be r e l a t e d  d i r e c t l y  t o  t h e  p rev ious ly  

def ined  member S, a1 though t h e  subdiv is ion  i s  considered 

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

sequence. The bas i c  r e l a t i o n s h i p  i s  as follows: 

34/10 u n i t s  

Uni t  3  

Unit  2 

Uni t  1 

Deegan and S c u l l  (1977) 

Nan sen 

E i r ik s son  

Raude 

C o r r e l a t i o n  of t he  u n i t s  i s  i l l u s t r a t e d  i n  t he  

s t r a t i g r a p h i c  p r o f i l e  of t he  S t a t f  jord Formation 

( f i g u r e  1 5 ) .  
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The p r o f i l e  a l s o  i n d i c a t e s  t he  p o s i t i o n s  of f a u l t s  

c u t t i n g  those  w e l l  S having reduced sedimentary 

s e c t i o n .  In w e l l  34/10-1 a  f a u l t  is  considered t o  c u t  

a t  2309 mRKB and an es t imated 96 metres of s ec t ion  i s  

miss ing,  l a r g e l y  from u n i t  2  b u t  inc lud ing  a l s o  t h e  

base of u n i t  3. The dipmeter a l s o  sugges t s  f a u l t i n g  a t  

t h i s  l e v e l .  

In w e l l  34/10-7 a f a u l t  c l e a r l y  c u t s  o u t  about  60 m of 

t he  lower s e c t i o n  of t h e  Amundsen Member of t h e  Dunlin 

Formation. Cor re l a t i on  of t h e  Amundsen Member in o t h e r  

w e l l s  on the  s t r u c t u r e  shows t h a t  t h e r e  i s  l i t t l e  

change i n  t h i c k n e s s  o r  l i t h o l o g i c a l  c h a r a c t e r  s o  an 
a l t e r n a t i v e  explana t ion  i s  un l ike ly .  I t  i s  a l s o  

es t imated  t h a t  15 m of u n i t  3  i s  c u t  o u t  by t h i s  

f a u l t .  A c l e a r  i n d i c a t i o n  of f a u l t  d r a g  i s  shown by 

t h e  i nc reas ing  d i p  of t h e  Amundsen j u s t  above the  f a u l t  

i n t e r  s e c t i o n  . 
F a u l t i n g  i s  a l s o  i nd i ca t ed  i n  w e l l  34/10-4, where a 

t h i c k  s e c t i o n  of u n i t  2  is  es t imated  t o  be c u t  ou t ,  

3.4 Descipt ion of t h e  Uni ts .  

This  u n i t  i s  n o t  a f f e c t e d  by f a u l t i n g  i n  t h e  34/10 

w e l l s  and it v a r i e s  from 24 m t o  47 m a c r o s s  t h e  D e l t a  

s t r u c t u r e  and i s  50 m t h i c k  i n  34/10-2 on Alpha 

s t r u c t u r e .  The u n i t  i sopach ( f i g u r e  18) shows a 

th ickening  of t he  s ec t ion  towards t he  n o r t h  w e s t  of t h e  

s t r u c t u r e  while i n  t he  c e n t r a l  and e a s t e r n  p a r t  t h e r e  

i s  l i t t l e  th i ckness  v a r i a t i o n .  

The base of t he  u n i t  i s  e q u i v a l e n t  t o  the  base of t h e  
S t a t f j o r d  Formation while the  t o p  i s  picked a t  t he  t op  

of a t h i n  bu t  f a i r l y  d i s t i n c t i v e  sha le  s ec t ion .  The 

u n i t  g e n e r a l l y  c o n s i s t s  of a  b a s a l  sand i n t e r v a l  which 

pas ses  i n t o  a sha le  sequence, t h i s  being followed by a  
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r e p e t i t i o n  of the  same type of sand-shale cyc l e ,  The 

lower sandstone i n t e r v a l  i s  n o t  p r e s e n t  i n  w e l l  34/10-1 

and t h i s  i s  thought t o  be r e l a t e d  t o  a s m a l l  l o c a l  

unconformity o r  pinch-out a t  t h i s  l o c a t i o n ,  There i s  

a l s o  some pa l aeon to log ica l  evidence f o r  a break i n  t h e  

success ion i n  t h i s  w e l l .  

The sandstone s e c t i o n s  show a v a r i a t i o n  i n  l o g  
c h a r a c t e r  b u t  many have f i n i n g  up sequences which 

cont inue  i n t o  t h e  s h a l e s ,  No c o r e s  are a v a i l a b l e  from 

t h i s  u n i t  and sedimentological  s tudy  i s  l imi t ed  t o  

c u t t i n g s  and s idewal l  c o r e  m a t e r i a l .  

The sandstones  range from ve ry  coa r se  t o  f i n e  gra ined ,  

occas iona l ly  becoming conglomerat ic ;  some calcite 

cementation can occur b u t  t h e  g r a i n s  a r e  o f t e n  

uncemented, and g e n e r a l l y  angula r  t o  subrounded, and 

w e l l  s o r t ed .  The s h a l e s  va ry  i n  co lour  from l i g h t  t o  

d a r k  grey ,  g reen i sh ,  and da rk  brown and red.  They can 

be v e r y  s i l t y  i n  p a r t s ,  occas iona l ly  ca l ca reous  and 
micromicaceous. 

This  u n i t  v a r i e s  i n  t h i ckness  a c r o s s  t he  s t r u c t u r e  

from 60 m i n  34/10-7 t o  8 1  m i n  w e l l s  34/10-3 and 

34/10-5. A t h i c k e r  sequence of 104 m i s  shown by 

34/10-2, t o  t he  sou th  of the  s t r u c t u r e .  The u n i t  

i sopach ( f i g u r e  19) i n d i c a t e s  a wes t e r ly  th ickening 

with  a loba t e  o u t l i n e  suggest ing a t h i n  s ec t ion  over 

t h e  e a s t e r l y  p a r t  of t he  s t r u c t u r e ,  which could be 

r e l a t e d  t o  t he  s t r u c t u r a l  development. The u n i t  i s  

considered t o  be f a u l t e d  i n  w e l l s  34/10-1 and 34/10-4. 
I n  34/10-1 an upper s e c t i o n  o f  67 m i s  thought t o  be 

c u t  ou t ,  

The t o p  of t he  u n i t  i s  c l e a r l y  def ined  i n  w e l l s  34/10-3 

and 34/10-5 a t  t he  t o p  of the  t h i c k  sha ley  s e c t i o n  i n  

t he  under lying u n i t .  The c l e a r  c o r r e l a t i o n  between 
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t he se  two w e l l s  probably r e f l e c t s  the  s i m i l a r i t y  i n  

t h e i r  s t r u c t u r a l  p o s i t i o n .  I n  t hese  w e l l s  t he  u n i t  

c o n s i s t s  of a  w e l l  developed sandstone sequence wi th  

occas iona l  sha le  hor izons ,  o v e r l a i n  by a d i s t i n c t i v e  

sha l e  sequence. 

The same sequence, and hence t h e  c o r r e l a t i o n ,  i s  n o t  s o  

clear i n  t he  remaining w e l l s  a c r o s s  t he  block. I n  

w e l l s  34/10-1 and 34/10-4 t h e  s ec t ion  is  t h i n n e r  due t o  

f a u l t i n g  while i n  34/10-11 a s i m i l a r  sandstone i n t e r v a l  

i s  p r e s e n t ,  b u t  t he  over ly ing  sha l e  i s  cons iderab ly  

t h inne r .  Fur ther  south ,  i n  34/10-7, t h e  sha ly  sequence 

has  almost  d isappeared and i s  replaced by a more sandy 

f a c i e s ,  while t o  t h e  sou th  of t he  s t r u c t u r e  i n  w e l l  

34/10-2 t h e  e n t i r e  sequence is  sandy with  i n t e r b e d s  of 

sha l e .  

The log c h a r a c t e r  i n  t h i s  u n i t  shows a more blocky 

n a t u r e  wi th  w e l l  d e f ined  boundar ie S between sand s tone  

and sha l e .  This  c o n t r a s t s  wi th  the  more gradual  

t r a n s i t i o n s  of u n i t  1. 

The sandstones  are quar tzose ,  medium t o  ve ry  coarse  

gra ined ,  wi th  v a r i a b l e  s o r t i n g .  They are g e n e r a l l y  

micaceous, wi th  t r a c e s  of l i g n i t e  and p y r i t e .  The 

s h a l e s  a r e  l i g h t  t o  da rk  grey,  occas iona l ly  brown t o  

red brown, g e n e r a l l y  non ca l ca reous ,  micaceous and 

s i l t y  i n  p a r t s .  

3.4.3 Uni t  3  

This  u n i t  v a r i e s  i n  t h i ckness  a c r o s s  t h e  s t r u c t u r e  

from an es t imated  43 m i n  34/10-7 t o  86 m i n  34/10-5. 

Fau l t i ng  a f f e c t s  w e l l s  34/10-1 and 34/10-7. The f a u l t  

i n  34/10-1 i s  considered t o  c u t  o u t  t he  b a s a l  29 m ,  

while i n  34/10-7 t h e  upper 15 m i s  missing. 

The u n i t  isopach ( f i g u r e  20) i n d i c a t e s  a wes t e r ly  

th ickening .  The base i s  recognised i n  34/10-5 and 
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34/10-3 as the  base of a major sand i n t e r v a l  and i n  

bo th  t hese  w e l l s  the  u n i t  is  dominantly sandy with  a 

t h i n  sha l e  s ec t ion  about h a l f  way up. This  s h a l e  

hor izon can be recognised i n  most of  t he  o t h e r  w e l l s .  

The t o p  of t h e  u n i t  i s  c l e a r l y  def ined  on l o g s  a s  t h e  

t r a n s i t i o n  i n t o  c l a y  sediments of t he  Dunlin Group. 

The u n i t  c o n s i s t s  of f i n e  t o  coa r se  grained sandstones  

wi th  occas iona l  t h i n  beds of s h a l e  and occas iona l ly  

coa l .  The sandstones  are g e n e r a l l y  ca l ca reous  and t h i n  

c a l c i t e  cemented hor izons  are common. I n  w e l l  34/10-4 

the  l a r g e  amount of c a l c i t e  cement i s  probably r e l a t e d  

t o  nearby f a u l t i n g .  

This  u n i t  ha s  been e x t e n s i v e l y  cored i n  w e l l  34/10-11 

( f i g u r e  22) and i n  w e l l  34/10-2 on Alpha s t r u c t u r e .  A 

smal l  amount of c o r e  has  a l s o  been obtained from w e l l s  

34/10-4 and 9. Both c o r e  and log d a t a  show t h a t  t h e  

sand s t o n e s  commonly c o n s i s t  of f i n i n g  up sequences 

which range from ve ry  coa r se  o r  conglomeratic 

sandstones  a t  t he  base t o  f i n e  sandstone,  s i l t s t o n e  and 

sha l e  a t  the  top.  These f i n i n g  up c y c l e s  are ve ry  w e l l  

de f ined  i n  w e l l  34/10-2 where 4 d i s t i n c t  c y c l e s  occur.  

Elsewhere t h i c k  f a i r l y  homogenous c l ean  c o a r s e  

sand s tone  S occur and the  se are o f t e n  uncemen ted  . These 

c o n t a i n  occas iona l  l a r g e  fragments of  l i g n i t e .  

Depos i t iona l  Environment 

The S t a t f  jord Formation i s  descr ibed  a s  a dominantly 

f l u v i a t i l e  sequence r ep re sen t ing  the  t r a n s i t i o n a l  

per iod from the  terrestrial c o n d i t i o n s  of t he  Cormorant 

Formation t o  t h e  f u l l y  marine c o n d i t i o n s  i nd i ca t ed  by 

t h e  Dunlin Group. The base of t he  Formation i s  a l s o  

a s soc i a t ed  wi th  t he  gradual  replacement of t he  red bed 
sequence, c o n s i s t i n g  dominantly of sha l e  i n  t he  34/10 

a r e a  t o  an interbedded sequence of c l ean  coa r se  sands 

and grey sha l e s .  Unit  1 sugges t s  a r e l a t i v e l y  low 

energy environment c h a r a c t e r i s e d  by meandering 
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streams. Uni t  2 d e p o s i t s  were probably a s soc i a t ed  wi th  

h igher  energy cond i t i ons  such a s  a braided stream 

environment, al though the  h igher  energy may be r e l a t e d  

t o  more marine condi t ions .  Unit  3 appears  t o  be 

similar t o  Uni t  1 i n  d e p o s i t i o n a l  cond i t i ons ,  wi th  

lower energy sand d e p o s i t i o n  again  p r e v a i l i n g ,  a l though 

g e n e r a l l y  less d i s t i n c t  than prev ious ly  and wi th  v e r y  

l i t t l e  sha l e  depos i t i on .  

Within Uni t  1 two d e p o s i t i o n a l  c y c l e s  can be 

recognised,  each c o n s i s t i n g  of a sand t o  sha l e  

sequence. Four such c y c l e s  can be recognised i n  Uni t  3 

of 34/10-2. The base of a l l  3 u n i t s  is  marked by sand 

d e p o s i t i o n .  Both u n i t s  1 and 2 show a broad upward 
t r a n s i t i o n  t o  sha l e  cond i t i ons .  Unit  3 p a s s e s  

g radua l ly  i n t o  t h e  marine s h a l e s  of t h e  Arnundsen 

Formation. Fur ther  sedimentological  s tudy  i s  planned 

t o  improve our understanding of t he  d e p o s i t i o n a l  

environment. 
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RESERVOIR PROPERTIES OF THE STATFJORD FORMATION 

The r e s e r v o i r  p r o p e r t i e s  of t he  S t a t f  jord Formation 

a r e  i l l u s t r a t e d  by t h e  r e s e r v o i r  log ( f i g u r e  23) . 
P r o p e r t i e s  have been examined on the  b a s i s  of t he  

s t r a t i g r a p h i c  subdiv is ion  proposed and t h e  d e t a i l s  are 

l i s t e d  i n  t a b l e  2. The v a l u e s  used i n  reserve 

c a l c u l a t i o n s  are l i s t e d  i n  t a b l e  3. Uni t s  i n  which a 

f a u l t  c u t  has  been i n t e r p r e t e d  have n o t  been used i n  

t h e  d i s c u s s i o n  of average v a l u e s  o r  t r ends .  

Net/Gross r a t i o .  

For u n i t  1 t h e  h i g h e s t  v a l u e s  of  >0.50 are obtained in 

w e l l s  34/10-7 and 11 i n  t h e  east of t h e  f i e l d  while t h e  

lowest  va lue  of 0.32 i s  shown by w e l l  34/10-4 i n  t he  

c e n t r a l  a rea .  In t h e  area of hydrocarbons t h e  u n i t  can 

be i n t e r p r e t e d  as having a n e t / g r o s s  r a t i o  of 0.50. 

I n  Uni t  2, v a l u e s  are s i m i l a r l y  high i n  t he  e a s t e r n  

p a r t  of t h e  f i e l d  and decrease  from circa 0.65 t o  0.38 

i n  t h e  n o r t h  w e s t  a t  w e l l  34/10-3, and 0.65 has  been 

used f o r  r e se rve  c a l c u l a t i o n s .  

High n e t / g r o s s  r a t i o s  a r e  g e n e r a l l y  found i n  u n i t  3 

a l though  34/10-4, i n  t h e  c e n t r e  of t h e  f i e l d ,  i s  

s i g n i f i c a n t l y  lower than the  o t h e r  va lues .  A va lue  of  

0.70 h a s  been used as  r e p r e s e n t a t i v e  f o r  t he  

hydrocarbon bear ing s e c t i o n  . 
In 34/10-11, which i s  considered r e p r e s e n t a t i v e  of t he  

a r e a  of o i l  bear ing  S t a t f  jord Formation, t h e  n e t / g r o s s  

r a t i o  i n c r e a s e s  upwards from Uni t  1 through Unit  2 t o  

Uni t  3. 

Po ros i ty .  

In each u n i t  average p o r o s i t y  v a l u e s  a r e  higher  f o r  

w e l l  34/10-11 than f o r  a l l  o t h e r  w e l l s  on t h e  
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s t r u c t u r e .  The S t a t f  jord Formation in t h i s  w e l l  i s  

s i g n i f i c a n t l y  higher than i n  o t h e r  w e l l s  and a broad 

d e p t h  r e l a t i o n s h i p  can be shown, a l though t h i s  i s  

complicated by the  presence of o i l  i n  34/10-11. 

Geographically t he  p o r o s i t y  v a l u e s  appear t o  dec rease  

towards t he  south e a s t .  A s  the  a r e a  of o i l  bear ing 

S t a t f  jord formation i s  r e s t r i c t e d  t o  t he  e a s t  of t h e  

Delta E a s t  f i e l d ,  and l a r g e l y  e a s t  of w e l l  34/10-7, 

v a l u e s  c l o s e  t o  those  i n  34/10-11 have been used t o  

c a l c u l a t e  t he  hydrocarbon pore volume. 

Water S a t u r a t i o n .  

Water s a t u r a t i o n  v a l u e s  were c a l c u l a t e d  f o r  w e l l  

34/10-11 using s tandard log  procedures.  A low average 

va lue  w a s  obta ined f o r  Uni t  3 c o n s i s t e n t  wi th  i ts  h igh  

p o r o s i t y  and permeabi l i ty ,  while s l i g h t l y  h igher  

average v a l u e s  were obtained f o r  Un i t s  1 and 2 ,  t he se  

being a f f e c t e d  by t h i n  zones wi th  r e l a t i v e l y  high 

v a l u e s ,  and by a s l i g h t  i nc rease  i n  SW i n  the  t h i c k  

porous s ec t ions .  These v a l u e s  were used f o r  r e s e r v e  

c a l c u l a t i o n s  i n  t he  area of 34/10-11. In t he  f a u l t  

b locks  f u r t h e r  west s l i g h t l y  h igher  v a l u e s  were used t o  

r e f l e c t  t he  proximity of  t h e  water zone. 

Flow Barriers. 

C o r r e l a t i o n  wi thin  t he  S t a t f  jord Formation sugges t s  

t h a t  t h e r e  are two sha l e  hor izons  which are l i k e l y  t o  

be cont inuous  throughout t h e  o i l  zone. The most 

prominent sha le  horizon i s  t h a t  a t  t h e  t o p  of u n i t  2 

and i n  34/10-11 it i s  about 18 m t h i ck .  Fur ther  w e s t  

it t h i c k e n s  t o  n e a r l y  4 0  m. A t h i n n e r  bu t  cont inuous 

sha l e  ockurs  a t  the  t o p  of Uni t  1 throughout  t he  f i e l d  

a l though i n  34/10-11 it is poor ly  developed. Other 

sha l e  hor izons  occur throughout t he  S t a t f j o r d  Formation 

bu t  no obvious c o r r e l a t i o n  can be made with  o t h e r  

w e l l s .  
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Permeabili ty 

Horizontal  and v e r t i c a l  permeabili ty measurements were 

made f o r  u n i t  3 on core samples from well  34/10-11. 

Within the  cored i n t e r v a l  the  permeabili ty d a t a  was 

used t o  c a l i b r a t e  poros i ty  va lues  and hence provide 

es t ima tes  of permeabil i ty  f o r  the non cored p a r t  of the 

r e se rvo i r .  These a re  i l l u s t r a t e d  in  the r e se rvo i r  log 

( f i g u r e  2 2 ) .  High permeabi l i tes  of over 300 md a re  

in te rp re ted  f o r  most of the  porous i n t e r v a l s  while 

va lues  exceeding 1000 md a re  estimated f o r  the main 

r e s e r v o i r  sec t ion  (1905-1920 mRKB) i n  u n i t  3. 
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THE AMUNDSEN FORMATION 

In  w e l l  34/10-11 22 metres of Amundsen Formation were 

encountered immediately below t h e  late Kimmerian 

unconformity and 1 3  metres of core  were recovered from 

t h i s  i n t e r v a l .  Core and log d a t a  i nd i ca t ed  a sandy o i l  

bear ing  sec t ion  immediately over ly ing  the  S t a t f j o r d  

Formation. The sandstones  are medium t o  ve ry  f i n e  

grained and poorly  s o r t e d ,  wi th  abundant c l a y  and 

s i l t .  Occasional coa r se  g r a i n s  occur wi th  some f o s s i l  

fragments. The e n t i r e  s e c t i o n  i s  i n t e n s e l y  b io tu rba t ed  

and i s  i n t e r p r e t e d  a s  having been depos i ted  i n  a 

shallow marine environment. The l a t e r a l  e x t e n t  of  t h i s  

t h i n  Amundsen r e s e r v o i r  must be l imi t ed  as no r e s e r v o i r  

w a s  found i n  t h e  o t h e r  w e l l  S on the  s t r u c t u r e .  

The s e c t i o n  encountered i n  34/10-11 w a s  used t o  

estimate the  r e s e r v o i r  c h a r a c t e r i s t i c s  i n  the  a r e a  of 

t he  h o r s t  f e a t u r e ,  a l though t h i s  may be considered a 

r a t h e r  o p t i m i s t i c  estimate i n  view of t h e  l ack  of 

r e s e r v o i r  i n  o t h e r  wells. A n e t  t h i c k n e s s  o f  11.5 

metres w a s  i n t e r p r e t e d  as having an average p o r o s i t y  o f  

26%, a l though ind iv idua l  c o r e  p o r o s i t i e s  w e r e  as high 

a s  35%. Core p e r m e a b i l i t i e s  of  up t o  200 md w e r e  a l s o  

found a l though v a l u e s  g e n e r a l l y  ranged from 1 t o  

100 md. Average water s a t u r a t i o n  f o r  t h e  n e t  pay was 

28%. 
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THE TRIASS I C  INTERVAL 

S i x  w e l l s  were d r i l l e d  i n t o  t he  T r i a s s i c  sediments of 

t h e  D e l t a  s t r u c t u r e  b u t  none of t h e  w e l l s  pene t ra ted  

the  e n t i r e  s ec t ion .  O i l  bear ing  T r i a s s i c  sediments 

were found i n  w e l l  34/10-11 down t o  a dep th  of  

2083 mRKB. Maximum th i ckness  pene t ra ted  on the  

s t r u c t u r e  was 130 metres i n  w e l l s  34/10-11 and 34/10-4 

and i n  34/10-2 196 metres were d r i l l e d .  Cor re l a t i on  of 

t he  t o p  Triassic w a s  r e l a t e d  t o  t h e  t o p  of a major 

s h a l e  i n t e r v a l  i n  which red brown s h a l e s  commonly 

occur.  

Cor re l a t i on  wi th in  t he  Triassic has  n o t  been attempted 

bu t  t h e  d a t a  i n d i c a t e  a s i m i l a r  sequence i n  a l l  t h e  

w e l l s  a c r o s s  t h e  f i e l d .  The t o p  of t he  sequence 

g e n e r a l l y  c o n s i s t s  of a s h a l e  of about  50 -60 m 

t h i ckness ,  wi th  some interbedded sand s tone  hor izons  

which are probably n o t  cont inuous.  Underlying t h i s  a 

sequence of sand sha l e  i n t e r b e d s  occurs ,  t he  sand s t o n e s  

commonly c o n s i s t i n g  of  f ining-up cyc l e s .  The 

sand s t o n e s  va ry  i n  g r a i n  s i z e  from very  coa r se  sand 

downwards and they  are commonly s i l t y  and a r g i l l a c e o u s .  

In  w e l l  34/10-11 t h r e e  d i s t i n c t  sandstone s e c t i o n s ,  

wi th  sands o f  10 m o r  more in th i ckness ,  occur towards 

t h e  base of the  w e l l ,  and the  o i l  water c o n t a c t  w a s  

i d e n t i f i e d  i n  t he  uppermost p a r t  of  t h e  upper s ec t ion .  

A s  w e l l  34/10-11 l ies c l o s e  t o  t he  s t r u c t u r a l  crest it 

i s  u n l i k e l y  t h a t  t he se  sand hor izons  w i l l  c o n t r i b u t e  

s i g n i f i c a n t l y  t o  the  r e se rves .  

The n e t / g r o s s  r a t i o  f o r  the  e n t i r e  Triassic i n t e r v a l  

i n  t h e  w e l l  i s  0.36 b u t  t h i s  i s  much higher  than t h a t  

which could be expected i n  the  o i l  zone. A more 

r e a l i s t i c  va lue  of 0.17 f o r  t h e  o i l  bear ing  sec t ion  w a s  

used i n  r e se rve  c a l c u l a t i o n  ( t a b l e  5 ) .  P o r o s i t i e s  i n  

t he  t h r e e  sand s tone  sec t ion  S a r e  r e l a t i v e l y  high,  

reach ing  v a l u e s  up t o  30%. In  t h e  t h i n n e r  poorer  
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q u a l i t y  sand within  t he  sha l e  sequence and the  o i l  zone 

they  are g e n e r a l l y  under 25%. The average p o r o s i t y  f o r  

t he  hydrocarbon bear ing i n t e r v a l  i s  c i r c a  23%. Water 

s a t u r a t i o n  i s  g e n e r a l l y  high (c. 50%) i n  t h i s  i n t e r v a l .  
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THE COOK FORJ!4ATION 

A d e s c r i p t i o n  of t he  Cook Formation w a s  given i n  t he  

l as t  r e p o r t  (November 1980, volume 11) and no changes 

have y e t  been suggested. Meanwhile a new pe t rophys i ca l  

s tudy  has  been made (February 1981) of w e l l s  34/10-7 
and 34/10-9, which are t h e  most s i g n i f i c a n t  w e l l s ,  

having o i l  bear ing  Cook sand. 

Th i s  s tudy has  r e s u l t e d  i n  amended va lues  f o r  n e t / g r o s s  

r a t i o ,  p o r o s i t y  and hydrocarbon s a t u r a t i o n .  These 

v a l u e s  were der ived  from improved methods i n  calcu-  

l a t i n g  c o r r e c t i o n s  f o r  t h i n  beds, c l a y  mineral  and mica 

con ten t .  R e s u l t s  a r e  given i n  t a b l e  6. 

For t h e  volume c a l c u l a t i o n  f o r  t he  Cook Formation 
average va lues  have been used from w e l l s  34/10-7 and 

-9. For Uni t  2 more weight has  been placed on w e l l  

34/10-7, which i s  o i l  bear ing throughout the  i n t e r v a l .  

For t h e  water s a t u r a t i o n  i n  Uni t  3, v a l u e s  have been 

chosen c l o s e  t o  those  i n  34/10-7. 

Aver age va lue  S Net/Gross 8 

Unit  3 

Uni t  2 
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RESERVES 

Bren t 

Tables  8  and 9  l i s t  the  g r o s s  rock volume and the  

hydrocarbon pore volume subdivided i n t o  t he  v a r i o u s  
r e s e r v o r r  u n i t s  and f a u l t  b locks .  

The same method of r e se rve  c a l c u l a t i o n  has  been used as 

be f o r e  (November 1980) , and the  same computer programme 

has  been used f o r  t h e  volume c a l c u l a t i o n .  The d a t a  

base i s  a l s o  t h e  same, excep t  t h a t  t he  s t r u c t u r a l  map 

on t h e  base Brent ,  upon which t h e  r e s u l t s  are based,  

has  been changed, p a r t i c u l a r l y  i n  t h e  e a s t e r n  p a r t .  

The o t h e r  parameters have n o t  been changed, except  f o r  

t h e  dep th  dependent parameters ,  p o r o s i t y  and water 

s a t u r a t i o n .  H e r e  a change i n  t he  dep th  map r e s u l t s  i n  

an automatic adjustment i n  t h e  parameter maps. The 

g r o s s  t h i c k n e s s  over o i l  water  c o n t a c t  is  shown i n  

f i g u r e  24. The o i l  water  c o n t a c t  w a s  r e t a ined  a t  1947 

m s s .  

F a u l t  block 1 now c o n t a i n s  no Brent  r e s e r v e s  and i n  

f a u l t  block 2  a  s l i g h t  r educ t ion  i s  ind ica t ed  i n  t h e  

r e s e r v o i r  volume, when compared t o  the  cornmerc i a l  i t y  

s tudy  (November 1980).  In  t h e  o t h e r  f a u l t  b locks  v e r y  

l i t t l e  change i n  r e s e r v e s  is ind ica t ed .  F a u l t  b locks  

2A and 2B have been grouped toge the r  as the  la tes t  

i n t e r p r e t a t i o n  does  n o t  show a cont inuous sepa ra t ing  

f a u l t  . 
Tota l  r e s e r v e s  of o i l  and g a s  a r e  i nd i ca t ed  i n  t a b l e  

1 2 ,  and here  the  r e s u l t s  a r e  compared wi th  t he  prev ious  

f i g u r e s ,  For Brent  r e s e r v e s  alone a  reduc t ion  of 1 2 %  

i s  ind ica t ed  f o r  the  recoverab le  r e s e r v e s ,  and t h i s  i s  

mainly due t o  t he  new informat ion in the  e a s t e r n  p a r t  

of t h e  f i e l d ,  
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Tota l  recoverab le  reserves from the  Brent  r e s e r v o i r  are 

c a l c u l a t e d  as 1 6 8 . 5 ~ 1 0 ~  s m 3  o i l  and 
9 3 1 6 . 9 ~ 1 0  Sm gas.  

Cook 

Table 10 l i s ts  the  r e s e r v e s  f o r  the  Cook r e s e r v o i r .  

For t he  Cook the  volume c a l c u l a t i o n  has been made 

manually as before .  From the  i n t e r p r e t e d  isopach maps 

( enc losu re s  82 and 83 from November 1980) and the  new 

d e p t h  map of t h e  top  Cook ( f i g u r e  8 )  a g r o s s  t h i c k n e s s  

over o i l  water c o n t a c t  map has  been cons t ruc ted  f o r  

each  u n i t  ( f i g s  25 and 26) .  For f a u l t  block 2 an o i l  

water c o n t a c t  o f  2090 m s s ,  as ind i ca t ed  i n  w e l l  
34/10-9, has  been used. For block 3 an o i l  water con- 

t a c t  o f  1947 m s s  has  been used, as i n  t he  Brent  reser- 

v o i r .  Constant  r e s e r v o i r  parameters  have been used i n  

c a l c u l a t i o n  of t he  hydrocarbon pore volume. 

The r e s e r v e s  a r e  concentra ted i n  f a u l t  block 2 which i n  

t he  sou th  i s  s p l i t  i n t o  a number of smaller blocks ,  

However, 20% o f  t h e  Cook r e s e r v e s  a r e  i n t e r p r e t e d  i n  
f a u l t  b locks  3 and 4B. 

R e s u l t s  have a l s o  been subdivided i n t o  the  two reser- 

v o i r  u n i t s  and it i s  seen t h a t  t h e  major p ropor t ion  o f  

t h e  r e s e r v e s  occurs  i n  u n i t  2. 

The g r o s s  r e s e r v o i r  volume i s  smal ler  than p rev ious ly  

c a l c u l a t e d  b u t  the improvement of the  n e t / g r o s s  r a t i o  

i n  Uni t  2 r e s u l t i n g  from the  pe t rophys i ca l  s t u d i e s  has  

r e s u l t e d  i n  a r e l a t i v e l y  s m a l l  decrease  i n  t he  o i l  i n  

p lace .  

Tota l  recoverable  r e s e r v e s  f o r  t he  Cook formation a r e  
3 9 3 c a l c u l a t e d  a s  4 0 x 1 0 ~  Sm o i l  and 5 . 3 ~ 1 0  Srn 

gas. Compared with  t he  prev ious  r e s u l t s  no change i s  

ind ica t ed  , 
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Amund sen 

Table 11 i l l u s t r a t e s  t he  reserves c a l c u l a t e d  f o r  the  

Amund sen re s e r v o i r  . 
The Amundsen reserves were es t imated a s  a t h i n  s l a b  

over ly ing  t h e  S t a t f j o r d  Formation i n  f a u l t  block 1. 

There is no evidence e lsewhere ,  a p a r t  from 34/10-11, 

t h a t  t h e  Amundsen Formation is  o i l  bear ing  and hence 

reserves have n o t  been es t imated  f o r  o t h e r  f a u l t  

blocks.  

Doubt a l s o  e x i s t s  on the  l i ke l ihood  of  r e s e r v o i r  i n  

t h i s  s e c t i o n  i n  t he  sou th  of f a u l t  block 1, b u t  reserve 
estimates have been included here  as t h e  t h i n  r e s e r v o i r  

found i n  34/10-11 i s  found t o  immediately o v e r l i e  t h e  

S t a t f  jord r e s e r v o i r  and forms a cont inuous r e s e r v o i r  

sequence. 

Recoverable r e s e r v e s  are es t imated  a t  2 . 8 ~ 1 0 ~  Sm 3 

9 3  o i l  and 0 . 6 ~ 1 0  Sm gas.  

S t a t f  jord 

S t a t f j o r d  r e s e r v e s  are l i s t e d  i n  t a b l e  11. 

The S t a t f  jord r e s e r v e s  are c a l c u l a t e d  i n  t he  same way 

a s  t h e  Cook Formation. Gross t h i ckness  maps over o i l  

water c o n t a c t  were cons t ruc ted  from the  dep th  map of  

t he  t o p  S t a t f j o r d  and the  i n t e r p r e t e d  isopach maps 

( f i g s  27-30). The a l t e r n a t i v e  isopach map f o r  t h e  

S t a t f j o r d  (model 2 ,  f i g .  17) w a s  used t o  p l o t  an a l t e r -  

n a t i v e  g r o s s  t h i c k n e s s  map over o i l  water  con tac t .  The 

r e s u l t i n g  o i l  bear ing g ros s  rock volume w a s  3% lower 

than t h a t  c a l c u l a t e d  f o r  t he  p re fe r r ed  model. Constant  

r e s e r v o i r  parameters  were used f o r  t he  c a l c u l a t i o n  of 

the  hydrocarbon pore volume. 
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The o i l  water c o n t a c t  o f  2058 m s s  i n  t h e  T r i a s  o f  

34/10-11 w a s  used f o r  t he  S t a t f j o r d  volume c a l c u l a t i o n  

in  f a u l t  block 1. In f a u l t  b locks  2  and 3  t h e  o i l  

water  c o n t a c t  of 2043 m s s  found i n  34/10-7 was used. 

Reserves a r e  found i n  f a u l t  b locks  1, 2 and 3, bu t  are 
concent ra ted  i n  block 1. 20% of t h e  t o t a l  S t a t f j o r d  

r e s e r v e s  a r e  considered t o  l i e  i n  block 2 a l though some 

of t h e  reserve i s  contained i n  small  s epa ra t e  b locks  i n  

the  south.  F a u l t  block 3 c o n t a i n s  n e g l i g i b l e  reserves. 

Recoverable r e s e r v e s  a r e  now est imated a t  
6 3  9 3 3 0 . 3 ~ 1 0  Sm o i l  and 6 . 2 ~ 1 0  Sin gas. Previous  

estimates suggested t h a t  S t a t f  jord reserves were 

n e g l i g i b l e .  

T r i a s  

Triassic r e s e r v e s  of f a u l t  block 1 are ind ica t ed  i n  

t a b l e  11. 

The T r i a s  r e s e r v o i r  i s  es t imated  as a  " s k u l l "  under the  

t o p  T r i a s  dep th  map (Figure  10) and t h e  o i l  water con- 

tac t  of  2058 m s s  found i n  34/10-11 was used f o r  the  

volume c a l c u l a t i o n .  This  va lue  w a s  a l s o  used f o r  ca lcu-  

l a t i o n  of the  S t a t f j o r d  reserves. 

The p r e s e n t  seismic i n t e r p r e t a t i o n  sugges t s  t h a t  t h e  

Triassic r e se rves ,  which are l imi t ed  t o  f a u l t  block 1, 

are i n s i g n i f i c a n t .  A 1  though a s i g n i f i c a n t  volume of 

Triassic o v e r l i e s  t h e  OWC i n  f a u l t  block 1, the  n e t / -  

g r o s s  r a t i o  of t he  uppermost s e c t i o n  i n  w e l l  34/10-11 

r e s u l t s  i n  a low r e s u l t a n t  hydrocarbon pore volume. 

The subdiv is ion  of t he  r e s e r v e s  i n t o  t h i n  poor q u a l i t y  

zones sugges t s  t h a t  t he se  could n o t  be e f f e c t i v e l y  

produced. 

For comparison with o t h e r  r e s u l t s  a  recoverab le  r e se rve  
3  was c a l c u l a t e d  a t  0 . 5 ~ 1 0 ~  Srn o i l .  
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Tota l  Reserves 

Tota l  recoverab le  r e s e r v e s  f o r  the  34/10 Del ta  E a s t  
6 3 s t r u c t u r e  are now considered t o  be 242x10 Sm o i l  

9 3 and 29x10 Sm gas  (Table 1 2 )  . The Brent  group 
forms t h e  dominant r e s e r v o i r  i n  t h e  f i e l d  a l though t h e  

Cook and S t a t f j o r d  r e s e r v o i r s  con ta in  s i g n i f i c a n t  

r e s e r v e s ,  each c o n t r i b u t i n g  17% and 1 2 %  r e s p e c t i v e l y  o f  

t h e  t o t a l .  The Amundsen Formation can be considered t o  

add a s m a l l  a d d i t i o n a l  r e s e r v e  t o  t h e  S t a t f  jord 

accumulation,  b u t  t h e  Triassic r e s e r v o i r  i s  n o t  thought 

t o  have any s i g n i f i c a n c e  i n  t h e  p r e s e n t  i n t e r p r e t a t i o n .  

The geographic d i s t r i b u t i o n  of  r e s e r v e s  i s  such t h a t  

t he  Brent  group, about  which most i s  known, forms t h e  

r e s e r v o i r  i n  t he  w e s t  and w e s t  c e n t r a l  a r e a ,  while i n  

t he  east c e n t r a l  area a complex of Brent ,  Cook and 

S t a t f j o r d  r e s e r v o i r s  i s  ind ica t ed .  In  t h e  east of t he  

f i e l d  only  S t a t f j o r d  r e s e r v e s  are found. 

Page 31  



CHANGES SINCE PREVIOUS INTERPRETATION 

The major modif icat ion t o  t he  geo log ica l  understanding 

of t h e  D e l t a  E a s t  s t r u c t u r e  concerns  t he  h o r s t  block i n  

t he  east. The presence of a  prominent h o r s t  i n  t h i s  

a r ea ,  b r ings  S t a t f  jord and T r i a s s i c  r e s e r v o i r s  h igher  

than p rev ious ly  expected i n  t h i s  p a r t  of the  s t r u c t u r e .  

O i l  b ea r ing  S t a t f j o r d  and Triassic sands were 

encountered and the  S t a t f j o r d  Formation must now be 

considered a s i g n i f i c a n t  c o n t r i b u t i o n  t o  the  r e s e r v e s  

wi th in  t he  s t r u c t u r e .  

The geographic d i s t r i b u t i o n  of r e s e r v e s  i s  r e l a t e d  t o  

t he  s t r a t i g r a p h y .  In t h e  western a r e a  only  Brent  

r e s e r v e s  a r e  p r e s e n t ,  i n  t he  c e n t r a l  area a  complex of  

Brent ,  Cook and S t a t f j o r d  r e s e r v e s  occurs ,  while i n  t h e  

e a s t  only  S t a t f j o r d  r e s e r v e s  are presen t .  

Tota l  recoverab le  r e s e r v e s  from the  s t r u c t u r e  are 

es t imated  t o  be s l i g h t l y  higher  than prev ious ly ,  

a l though the  i nc rease  i s  only c i r c a  5%. Reserves a r e  

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

the  Brent  (70%) , t he  Cook (17%) and the  S t a t f  jord 

( 1 2 % ) .  

Page 32 



10 UNCERTAINTIES 

10.1 S t r u c t u r a l  u n c e r t a i n t i e  S 

Figure  31  o u t l i n e s  a r e a s  of varying l e v e l s  of uncer- 

t a i n t y  in the  se ismic  i n t e r p r e t a t i o n .  Three main areas 

of medium t o  high u n c e r t a i n t y  are ou t l i ned .  These are : 

The area between w e l l s  6 and 11 i n  the  nor thern  p a r t  

of f a u l t  block 2 i s  poorly  def ined  and t h e r e  a r e  some 

doub t s  on the  i n t e r p r e t a t i o n .  

10.1.2 Southern a r e a ,  f a u l t  b lock 1 ........................... 
A problem e x i s t s  wi th  t h e  i d e n t i f i c a t i o n  of the  mid- 

S t a t f  jord r e f l e c t o r  i n  t h i s  area, due t o  the  poor 

q u a l i t y  of t h e  seismic. I t  might w e l l  be p o s s i b l e  t h a t  

t he  S t a t f  jord i s  downthrown by undetected E-W t r end ing  

f a u l t i n g  below the  es t imated  OWC i n  t he  southern p a r t  

of t h i s  block.  

10.1.3 Southern a r e a ,  f a u l t  b lock 2 ............................ 
The main problem i n  t h i s  a r e a  i s  the  c h a r a c t e r  cor re -  

l a t i o n  of t he  seismic r e f l e c t o r s  over t he  numerous 

f a u l t s .  The Brent  might hence f o r  example be much more 

upthrown and eroded o r  more downthrown below t h e  OWC. 

10.2 U n c e r t a i n t i e s  i n  es t imated  OWC' S 

1 0 . 2 . 1  Brent  ----- 
No OWC has  so  f a r  been pene t ra ted  i n  t h e  Brent  of 

b locks  2 and 3. The OWC i n  t hese  blocks  might hence 

va ry  between the  lowest o i l  found i n  w e l l  9 a t  1920 m s s  

and t h e  h i g h e s t  water found i n  w e l l  6 a t  2050 m s s ,  i f  
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the  f a u l t  s epa ra t ing  block 4 from b locks  2 and 3 i s  

sea l ing .  The OWC w i l l  of course  l ie a t  1947 m s s  when 

the  f a u l t s  between block 2, 3 and 4 a r e  n o t  s e a l i n g  f o r  

t h e  Brent. 

10.2.2 Cook 
m--- 

No OFJC has  so f a r  been pene t ra ted  i n  t he  Cook, i n  

f a u l t  b lock 3 and f o r  purposes of r e se rve  c a l c u l a t i o n s  

a  va lue  of 1947 m s s  has  been used, t he  same as t h a t  

used f o r  t h e  Brent  i n  t h a t  block. The h i g h e s t  water 
found i n  the  Cook i n  f a u l t  block 3 i s  a t  1997 m s s .  

N o  OWC has  so f a r  been pene t ra ted  i n  t he  S t a t f j o r d  i n  

block 1 and hence t h e  OWC has  s t i l l  t o  be firmed up. 

The OWC a t  2058 m found in t he  T r i a s  of 34/10-11 and 

t h e  OWC a t  2043 m found i n  t h e  S t a t f j o r d  of b lock 2 i n  

34/10-7 i n d i c a t e  however t h a t  the  OWC of t he  S t a t f  jord 

i n  block 1 w i l l  be around 2050 m s s .  

10.3 U n c e r t a i n t i e s  i n  Depos i t iona l  Trend S 

10.3.1 Brent  ----- 
A f a c i e s  model has been proposed f o r  t he  Brent  group 

suggest ing t h a t  t h e  o v e r a l l  t rend  r e l a t e s  t o  a d e l t a i c  

p rograda t ion  from the  southwest,  such t h a t  an i n i t i a l  

shallow marine sequence becomes covered by a  d e l t a i c  

complex, which e v e n t u a l l y  retreats du r ing  a  r e g r e s s i v e  

phase. The d e t a i l e d  r e l a t i o n s h i p  of t h e  v a r i o u s  f a c i e s  

d i sp l ayed  i n  t h e  w e l l s  has  n o t  been f u l l y  eva lua t ed ,  
and t h e  r e l a t i o n s h i p  t o  t he  u n i t  i sopachs  needs f u r t h e r  

examination.  An o v e r a l l  th inn ing  of t h e  Brent  Group 

over t h e  s t r u c t u r e  is  ind ica t ed  and t h i s  sugges t s  some 

s t r u c t u r a l  c o n t r o l  on the  p a t t e r n  of sedimentation.  
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10.3.2 Cook 
--m- 

The Cook Formation has  been i n t e r p r e t e d  as a regres -  

s i v e  sequence depos i ted  i n  a shallow marine environ- 

ment. However, as y e t  no d i s t i n c t  d e p o s i t i o n a l  t r e n d s  

have y e t  been i d e n t i f i e d .  

Although no c l e a r  i n d i c a t i o n  has  y e t  been obtained on 

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

formation th i ckens  westward S o f f  s t r u c t u r e  and i s  

t h i n n e s t  over t h e  h igh  h o r s t  area on t h e  e a s t e r n  s ide .  

There i s  hence a suggest ion t h a t  the  s t r u c t u r e  

i n£  luenced the  sedimentation p a t t e r n  i n  t h e  lower 

J u r a s s i c .  

R e  se r v e  S 

Figures  32-35 i l l u s t r a t e  t he  d i s t r i b u t i o n  of "proven" 

and "poss ib le  a d d i t i o n a l "  r e s e r v e s  f o r  each r e s e r v o i r  

and f o r  a l l  r e s e r v o i r s  combined, and v a l u e s  are 

ind ica t ed  i n  t a b l e  13. 

For t h e  Brent  r e s e r v o i r  t h r e e  major a r e a s  of "poss ib l e  

a d d i t i o n a l "  r e s e r v e s  are ou t l i ned .  The f i r s t  i s  a 

s m a l l  a r e a  i n  t he  sou th  w e s t  of t he  f i e l d ,  a f u r t h e r  

area e x i s t s  i n  the  region of  w e l l  34/10-10, while t h e  

l a r g e s t  a r e a  lies n o r t h  of w e l l  34/10-9. I t  i s  

es t imated  t h a t  about h a l f  of t h e  "poss ib le  a d d i t i o n a l "  

Brent  r e s e r v e s  l i e  i n  t h i s  a r e a ,  which would t h u s  
6 3 c o n t a i n  about  1 0 %  (i.e. 17x10 m ) of t h e  t o t a l  

estimate f o r  Brent  r e se rves .  

Only 25% of t he  es t imated  Cook r e s e r v e s  a r e  considered 

"proven" and these  l ie  i n  t he  a r e a s  of w e l l s  34/10-7 

and 9. A l a r g e  a r e a  o f  "poss ib le  a d d i t i o n a l "  r e s e r v e s  

l ies east of w e l l  34/10-1 whi le  a smal ler  area i s  a l s o  

i nd i ca t ed  i n  t he  nor th-eas t .  
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In t h e  S t a t f  jord formation approximately ha l f  of t h e  

r e s e r v e s  are considered "proven", t he se  l y ing  i n  t he  

a r e a s  around w e l l s  34/10-7 and 11. Fur the r  "poss ib le  

a d d i t i o n a l "  r e s e r v e s  l ie i n  t h e  area south  and 

south-west of w e l l  34/10-7 and i n  t h e  southern p a r t  of 

f a u l t  block 1, south of w e l l  34/10-11. 

The o v e r a l l  d i s t r i b u t i o n  ( f i g u r e  35) shows t h a t  t h e  

major a r e a s  of "poss ib l e  a d d i t i o n a l "  reserves l ie  i n  

the  south-east  and no r th -eas t  p a r t s  of t he  f i e l d .  
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11 PLANNED SEISMIC AND GEOLOGICAL STUDIES 

11.1 Seismic Aquis i t ion  

The p o s s i b i l i t y  of shoot ing nor th-  south  l i n e s  over 

Del ta  while t he  Alpha survey i s  being s h o t  i s  being 

considered.  I d e a l l y  a t  least one nor th-south l i n e  

should be s h o t  wi thin  each  f a u l t  block. This  would 

mean about 10 l i n e s  (i.e. about 125 km). 

Seismic Process ing  

Ca. t e n  random l i n e s  i n  s t r i k e  d i r e c t i o n  w i l l  be 

processed,  us ing the  e x i s t i n g  3D d a t a  set (See map 

g iv ing  l o c a t i o n  of l i n e s ) .  

Traces w i l l  be i n t e r p o l a t e d  between t h e  d i p  l i n e s  

(which a r e  75 m a p a r t )  t o  make t h e  generated random 

s t r i k e  l i n e s  e a s i e r  t o  i n t e r p r e t .  

The l i n e s  w i l l  be used t o  confirm the  s t r u c t u r a l  i n t e r -  

p r e t a t i o n  of t he  e a s t e r n  p a r t  of t h e  Del ta  S t r u c t u r e  

and t o  he lp  t o  select the  opt imal  l oca t ion  of p o s s i b l e  

a p p r a i s a l  w e l l s  (See s e c t i o n  12) . 
Work on s y n t h e t i c  seismograms w i l l  be s t a r t e d  soonest .  

The e f f o r t s  t o  p l o t  improved s y n t h e t i c  seismograms wi th  

t he  e x i s t i n g  se ismic  d a t a  set might g ive  l e a d s  t o  

inproved process ing of t h e  3D d a t a .  

S e i s m i c  I n t e r p r e t a t i o n  

A s t r u c t u r a l  i n t e r p r e t a t i o n  of t h e  i n t r a  T r i a s s i c  

r e f l e c t o r  a t  ca .  3000 m i s  planned soones t  (See s e c t i o n  

1 2 )  . 
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11.4  Reservoir  Geoloqical  S t u d i e s  

Fur ther  work is  planned on the  f a c i e s  a n a l y s i s ,  depo- 

s i t i o n a l  t r e n d s  and sha l e  c o n t i n u i t y  of  t he  r e s e r v o i r  

s e c t i o n s ,  and t h i s  w i l l  be aimed a t  improving the  under- 

s tand ing  of geo log ica l  c o n t r o l  S on the  r e s e r v o i r  proper- 

ties. 

I n i t i a l l y  t h i s  work w i l l  concen t r a t e  on t h e  Brent  reser- 

v o i r ,  a l though some pe t rographic  s tudy i s  a l s o  being 

undertaken f o r  t he  S t a t f j o r d .  
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APPRAISAL PLANNING 

The c u r r e n t  i n t e r p r e t a t i o n  of t h e  s t r u c t u r e  sugges t s  

t h a t  3 f u r t h e r  a p p r a i s a l  w e l l s  are r equ i r ed ,  t o  tes t  

the  3 major a r e a s  of u n c e r t a i n t y ,  d i scussed  i n  s ec t ion  

10 .  

The f i r s t  of t he se  t h r e e  a p p r a i s a l  w e l l s  i s  proposed t o  

test  t h e  southern ex tens ion  of f a u l t  block 1. 

It is scheduled t o  be d r i l l e d  i n  t he  second h a l f  of 

1981. 

T h i s  l o c a t i o n  i s  seen t o  have the  h i g h e s t  p r i o r i t y  of 

t he  t h r e e  a p p r a i s a l  l o c a t i o n s  c u r r e n t l y  planned t o  

f  irm-up t h e  e a s t e r n  p a r t  of t h e  D e l  ta-East s t r u c t u r e .  

I t  w i l l  firm-up t h e  a r e a  of t h e  h i g h e s t  unce r t a in ty  and 

i s  foreseen t o  prove-up more r e s e r v e s  than t h e  o t h e r  

two a p p r a i s a l  w e 1  l S. 

I ts  r e s u l t s  might be important  f o r  the  planning of t he  

second pla t form.  

The conf i rmat ion of t h e  s t r u c t u r a l  s i t u a t i o n  of t he  

southern p a r t  of block 1 might a l s o  g ive  l e a d s  t o  a 

more accu ra t e  i n t e r p r e t a t i o n  of the  southern p a r t  of 

b lock 2 and t h e r e f o r e  i n f luence  the  opt imal  l o c a t i o n  of  

an a p p r a i s a l  well i n  t h a t  area. 

The w e l l  might furthermore test  f o r  t h e  f i r s t  t i m e  t h e  

deeper  T r i a s s i c  i n t e r v a l s  i n  t h e  De l t a  s t r u c t u r e  which 

correspond with  a s t rong  r e f l e c t o r  a t  ca. 3000 m. 

The outcome of t he  se ismic  s t u d i e s  d i scussed  i n  s e c t i o n  

11.2 and 11.3 w i l l  be awaited p r i o r  t o  making a f i n a l  

d e c i s i o n  on loca t ion  and t o t a l  dep th  of t he  f i r s t  w e l l .  
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Two areas of u n c e r t a i n t y  remain t o  be t e s t e d  a f t e r  

b lock l has  been firmed-up by the  w e l l  i n  1981: 

- The a r e a  between w e l l s  6 and l1 i n  t h e  nor thern  

p a r t  of block 2B. Mapping of the  Brent  i n  t h i s  

a r e a  i s  poorly  def ined  and the  oi l -water  c o n t a c t  i n  

t h i s  b lock has  s t i l l  t o  be proven. 

- The heav i ly  f a u l t e d  area i n  the  southern p a r t  o f  
t h e  F i e ld  i n  block 2  nea r  w e l l  10, 

The informat ion of t h e  w e l l  i n  t h e  nor thern  p a r t  of  

b lock 2B n i g h t  i n f luence  the  f i n a l  dec i s ion  on the  

l o c a t i o n  of t h e  second p la t form and i s  hence scheduled 

i n  1982, one year before  t he  planned s o i l  test f o r  t h i s  

p la t form.  

The w e l l  t o  test the  southern p a r t  of b lock 2 i s  

planned f o r  1983. 
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