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INTRODUCTION. 

T h i s  i s  t h e  n i n t h  well on t h e  d e l t a - s t r u c t u r e  i n  b l o c k  34/10. 

The main o b j e c t i v e  was t o  tes t  t h e  n o u r t h - e a s t  p a r t  of  t h e  

s t r u c t u r e  f o r  hydrocarbon accumula t ion  i n  t h e  J u r a s s i c  

sands tone .  It  was a s u r p r i c e  i n  t h e  way t h a t  no Brent -  o r  Cook- 

fo rmat ion  were found,  b u t  t h e  S t a t f j o r d f o r m a t i o n  came i n  w i t h  

g o d  hydrocarbon accumula t ions .  The lower p a r t  o f  t h e  Dunlin 

fo rmat ion  h a s  a l s o  hydrocarbons .  The purpose  of  t h i s  r e p o r t  i s  

t o  e v a l u a t e  t h e  pe t r o p h y s i c a l  p a r a m e t e r s  o f  t h e s e  f o r m a t i o n s  

u s i n g  e l e c t r i c a l  l o g s ,  c o r e  and tes t  d a t a .  

SUMMARY. 

Both Dunl in  and S t a t f  jo rd  encoun te red  hydrocarbons  i n  34/10-11. 

The lower p a r t  o f  T r i a s  i s  wa te r -bea r ing .  

The o i l / w a t e r - c o n t a c t  i s  found a t  + 2083 m RKB i n  t h e  

T r i a s - f  ormat ion .  

The Dunlin encoun te red  14.25 m n e t  pay. Average p o r o s i t y  i s  

23.9% and average  w a t e r s a t u r a t i o n  i s  27.6%. 

S t a t f j o r d  fo rmat ion  encoun te red  86.25 m n e t  pay w i t h  average  

p o r o s i t y  o f  28% and average  w a t e r s a t u r a t i o n  o f  13.4%. 

T r i a s  fo rmat ion  h a s  46 m n e t  sand w i t h  an average  p o r o s i t y  of  

23.4% and a  w a t e r s a t u r a t i o n  o f  48% i n  t h e  o i l  zone. 

LITHOLOGY. 

The r e s e r v o i r  zones  have been d i v i d e d  i n t o  t h e  fol. lowing u n i t s :  

Amundsen (1868 - 1890) Shal low marine 

B i o t u r b a t i o n  , s i l t y  sand. 

Nansen (1890 - 1935) f l u v i a l  i n  t h e  bot tom g r a d i n g  

i n t o  marginal  marin w i t h  

lagune f a c i e s  i n  t h e  t o p  p a r t .  

E r i k s e n  (1935 - 2000) Braided s t r eam,  f l u v i a l  



Raude ( 2 0 0 0  - 2029) p o i n t  bar, f l u v i a l  

T r  ias ( 2 0 2 9  - 2155.5) : f l u v i a l ,  c o n t i n e n t a l  

sand s t o n e  



LOG QUALITY. 

The l o g s  a r e  g e n e r a l l y  of good q u a l i t y .  Due t o  t o o  much t e n s i o n  

on t h e  c a b l e  i n  c e r t a i n  i n t e r v a l s  c o r r e c t i o n s  have t o  be made. 

The GR-log on t h e  FDC/CNL have one e r r o n e o u s  i n t e r v a l  t h a t  h a s  

been smoothed. T h i s  i s  t h e  i n t e r v a l  2131 - 2132.5 m were t h e  

GR-values a r e  much to  h i g h  compared t o  t h e  Cl? from t h e  

r e s i s t i v i t y  l o g s .  

The DLL h a s  some i n t e r v a l s  w i t h  t o  h i g h  t e n s i o n  on t h e  c a b l e  

which g i v e s  problems i n  t h e  log-read i n g s .  The lower-most 

i n t e r v a l  2089 - 2094 n g i v e s  a  c o n s t a n t  v a l u e  on t h e  Rmsfl of  

2.2 m which i s  o b v i o u s l y  wrong. T h e r e f o r e  t h e  Rxo = RCLS i s  

used i n  t h i s  i n t e r v a l .  The LI;d and L L s  are memorized, t h e r e f o r e  

t h e y  g i v e  c o n s t a n t  v a l u e s  h i g h e r  up i n  t h e  well (2084 - 
2089.5 m )  . TJothing have been done t o  t h e s e  v a l u e s  because  t h e  

c o r r e c t i o n  w i l l  be v e r y  s m a l l .  

The i n t e r v a l  1946.5 - 1948.5 m h a s  t h e  same problem. The Rmsfl 

h a s  been changed t o  g i v e  a  s i m i l a r  c u r v e  as L L s  i n  t h e  i n t e r v a l .  

Where t h e  L M  and t h e  L L s  have c o n s t a n t  v a l u e s  (1942 - 1944.5) ,  

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

The GR-curve on t h e  DLL s u f f e r s  from t h e  same problem. The 

i n t e r v a l  2079.5 - 2083.5 m g i v e s  much t o  o p t i n i s t i c  v a l u e s  and 

t h i s  i s  caused by t e n s i o n  and memorizing. 

The i n d u c t i o n  i s  ok because  we o n l y  use  t h i s  c u r v e  below t h e  

o i l / w a t e r -  c o n t a c t .  

The son ic - log  h a s  n o t  been used f o r  any e v a l u a t i o n  i n  t h i s  w e l l  

because  t h e  v a l i d i t y  i s  q u e s t i o n a b l e .  For t h e  e v a l u a t i o n  o f  

Amundsen and t h e  t o p  of  Nansen it can n o t  be used because  it i s  

e v i d e n t  t h a t  it r e a d s  beyond r e a s o n a b l e  v a l u e s .  

INPUT PARMIETERS . 
I n p u t  p a r a m e t e r s  t o  t h e  c a l c u l a t i o n s  have been p icked from 

c r o s s - p l o t ,  measured d a t a  and e m p i r i c a l  r e l a t i o n s .  



FOF3IATION FJATER SALINITY. 

No water- tests a r e  a v a i l a b l e  from t h e s e  f o r m a t i o n s ,  b u t  t h e  log 

a n a l y s e s  i n d i c a t e s  t h e  s a l i n i t y  t o  be t h e  same f o r  Bren t ,  Cook, 

S t a t f j o r d  and T r i a s .  The f o l l o w i n g  v a l u e s  have been used f o r  

fo rmat ion  water  r e s i s t i v i t y  under  r e s e r v o i r  c o n d i t i o n s .  

Dun l i n  

S t a t f  jord  = 0.073 m a t  1 6 0 ~ ~  

T r  i a s  

FOwlATION TEMPEKATURE. 

A c o n s t a n t  t e m p e r a t u r e  have been used i n  t h e  whole r e s e r v o i r  

s e c t i o n  : 

Dun l i n  

S t a t f  jo rd  = 1 6 0 ~ ~  

T r  i a s  



MUD PROPERTIES. 

A t  6 3 O ~  

Rmf = 0.25 R m  

Rm = 0.47 Qm 

Rmc = 1 . 4 6  Qm 

30 000  ppm HaC1 

a t  r e s e r v o i r c o n d  i t i o n  

Rmf = 0.10 Qm 

Rm = 0.185 Qm 

Rmc = 0.57 Q m  

HYDROCARBON D E N S I T Y .  

The hydrocarbon d e n s i t y  have been p icked from RFT-pre s s u r e  

p l o t s .  (see a p p e n d i x ) .  A v a l u e  o f  0.65 gm/cc h a s  been used .  

V I T Y .  

An inhouse  cor rec t ion-program f o r  DLL-Msf 1 h a s  been used f o r  

b o r e h o l e  and i n v a s i o n  e f f e c t s .  I n  t h e  water-zone the  

induc  t i o n - l o g  h a s  been used u n c o r r e c t e d  . 



FORMATION FACTOR. 

A s  no core measurements have been undertaken i n  the  

Sta t f jordformat ion .  T h e  Humble r e l a t i o n  has been used: 

SATURATION EXPONENT. 

Core measurements from Brent give an average value of 1 .95  and 

the re fo re  we use 2.0 i n  the  Sta t f jordformat ion .  

WATERSATURATION. 

The equat ion  recommended by Schlumberger f o r  t h e  North Sea is  

used and have t h e  fol lowing equat ion .  

r e s i s t i v i t y  of the vergine  zone 

w a t e r s a t u r a t i o n  i n  f r a c t i o n  

volume of  c l a y  
c l a y  exponent ( 1 . 6  used) 

r e s i s t i v i t y  o f  c l a y  

p o r o s i t y  i n  f r a c t i o n  

cementing exponent 

s a t u r a t i o n  exponent 

l i t h o l o g y  c o n s t a n t  

formation water  r e s i s t i v i t y  



SHALE PARAMETERS. 

S h a l e  p a r a m e t e r s  have been s e l e c t e d  from c r o s s - p l o t  and v i s u a l  

i n s p e c t i o n  o f  t h e  l o g s ,  High c o n t e n t  o f  K - f e l t s p a r s ,  mica and 

some i l l i t e  i n c r e a s e s  t h e  GP\-reading. T h i s  makes it nesoeccary  

t o  use  more i n d i c a t o r s  f o r  VSH. The t a b l e  below l i s t s  t h e  

parameter  used zone by zone. 

I I 

ZONE 
l 

%JSH P~~~ 
! GRmin i GRmax l l 

L ! / Amun dsen 0.42 
I 

2 .35  ; 1.5 3 0  I 7 5 
! l I 

1 
1 l 

: Nansen 0.45 1 2 . 3 7  < 1 .5  3 8  1 8 0  

COMPUTATIONS. 

I / E r i k s e n  0.42 
I 

!RauZe 0.45 

T r i a s  1 0 .45 
1 

S h a l e  Volume 

l 
I 

i 
l 

2 . 4 0  1 1.5 35 i 90  i 
! I l 

2 . 4 3  1.5 3 5 90  i 
l 

2 .45  1.2 3 5 95 j 

Gamma Ray and FDC/CNL c r o s s - p l o t s  have been used f o r  Vsh 

c a l c u l a t i o n s .  Where b o t h  i n d i c a t o r s  have been used ,  t h e  minimum 

v a l u e  have been p icked as  Vsh. Where washouts  e x i s t s  t h e  GR h a s  

been excluded a s  i n d i c a t o r  and o n l y  FDC/CNL h a s  been used.  

POROSITY. 

The p o r o s i t y  h a s  been c a l c u l a t e d  w i t h  a complex l i t h o l o g y  method 

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

pa ramete r s .  

FDC CfJL 

Quar tz  2 .65  - 0.035 

Heavy m i n e r a l  2 .9  .25 

F l u i d  1.0 1 . 0  



CORE LOG CORRELATION. 

Six c o r e s  were c u t  i n  t h e  r e s e r v o i r  s ec t ion .  Due t o  low 

recovery on the  c o r e s  it i s  d i f f i c u l t  t o  c o r r e l a t e  t h e  p lugs  t o  

t he  logs .  Although t h i s  is  a  b i g  problem w e  have made a  

c o r r e l a t i o n  which i s  desc r ibed  below: 

From the  log-heading it shows t h e  d r i l l e r s  d e p t h  t o  be 3.5 m 

shal low t o  t h e  log-depth, and we use t h a t  t o  c o r r e c t  co re  d e p t h  

t o  log dep th .  

Core 1. 

Plugs  a r e  taken from 1870 - 1879.6 m. Corrected t o  log d e p t h  

t h i s  i s  1873.5 - 1883.1. It  i s  than  p o s s i b l e  t o  c o r r e l a t e  t h e  

d a t a  t o  t h e  FDC-log where we  have a t i g h t  zone from 1875.25 - 
1875.5. This  c o r r e l a t e  t o  core-depth 1871.73 which has  a  O = 

14.3. 

The t o p  p a r t  of the  under laying sand i s  n o t  t h a t  good with  a  

s t eady  O of  25% b u t  wi th  low pe rmeab i l i t y  from 47-8 nd. T h i s  

i n t e r v a l  i s  around 1 m t h i c k .  The ve ry  good sand below t h i s  has  

a  t h i c k n e s s  o f  3  m wi th  a  pe rmeab i l i t y  o f  700 - 800 md. Below 

t h e  t i g h t  s t r e a k  1879.5 v e r y  l i t t l e  pe rmeab i l i t y  e x i s t ,  b u t  

s t i l l  with  p o r o s i t y  around 20%. 

Core 2.  

W e  a n t i s i p a t e  t h a t  t he  s t a r t i n g  d e p t h  of each  c o r e  a r e  t he  

d r i l l e r s  d e p t h  a t  t h a t  l e v e l .  Therefore  c o r e  n r .  2  s t a r t s  a t  

1887 which i s  1890.5 m log dep th .  Following the  same system, 

c o r e  3  starts a t  1895 m log  dep th ,  t h e r e f o r e  t h e  p lugs  from c o r e  

n r .  2  have t o  be between 1890.5 m and 1895 m log  dep th .  This  

s e c t i o n  of t h e  FDC-log i n d i c a t e s  a  s i l t y  sand wi th  laminas  of 

s h a l e .  T h i s  i s  j u s t  t he  as the  p lugs  shows wi th  moderate 

p o r o s i t i e s  around 20% bu t  wi th  pe rmeab i l i t y  less than  1 md. 

Core 3. 

Core n r .  3 s t a r t s  a t  1895 m log d e p t h  and core  4 s t a r t s  a t  

1902.5 m. From t h e  l o g s  it i s  e v i d e n t  t h a t  t he  p l u g s  have t o  be 



f r o n  t h e  i n t e r v a l  1895 - 1897.5 because  t h e  rest o f  t h e  i n t e r v a l  

i s  a l m o s t  e n t i r e l y  c l a y .  Only one p lug  i s  t a k e n  from t h e  good 

sand hav ing  O = 25.2%, K 
AIR 

= 653 md. The remain ing  p l u g s  

have been t a k e n  i n  t h e  more s i l t y  s e c t i o n  of  t h i s  sand. T h i s  i s  

because  t h e  p e r m e a b i l i t y  i s  less t h a n  10 md f o r  t h e  rest of  t h e  

p l u g s .  

Core 4 .  

Core 4  s t a r t s  a t  1902.5 m and e n d s  a t  1912.5 m l o g  d e p t h .  From 

t h e  i n s p e c t i o n  o f  t h e  l o g s  f o r  t h i s  i n t e r v a l  it seems as t h e  

p l u g s  a r e  t a k e n  f r o n  t h e  up,uer p a r t  of  t h i s  zone. T h e r e f o r e  t h e  

sand from 1902.5 - 1904 m have a  p o r o s i t y  of  around 35% and a  

p e r m e a b i l i t y  t o  a i r  of  670 md w i t h  v e r y  low v e r t i c a l  

p e r m e a b i l i t y .  A l l  t h e  o t h e r  p l u g s  a r e  t aken  a s  t h e  c o r e  

p r o g r a d e s  i n t o  more and more s i l t y  sand. T h i s  s e c t i o n  g r a d e s  

i n t o  c l a y  d i r e c t l y  under layn  by a t h i n  coal-bed a t  1905 m. 

Core 5. 

T h i s  c o r e  s t a r t s  a t  1912.5 m and e n d s  a t  1923.5 m log-depth.  

Because o f  l o o s e  sand,  p l u g s  are o n l y  t aken  from 1920.5 - 
1923.25 m log  d e p t h .  Very l i t t l e  d a t a  i s  a v a i l a b l e  because  v e r y  

few p l u g s  cou ld  be t a k e  due  t o  v e r y  l o o s e  sand.  But a  f a i r  

q u e s s  i s  t h a t  t h e  p l u g s  a r e  t aken  below t h e  coal-bead a t  1920 - 
1921  m RKB. T h i s  i s  because  it i s  f e l t  t h a t  t h e  sand above i s  

s o  l o o s e  t h a t  it would be i m p o s s i b l e  t o  g e t  p l u g s .  I f  w e  assume 

t h a t  we  a r e  r i g h t ,  t h e  sand 1922 - 1923.5 m w i l l  have a  p o r o s i t y  

o f  35 - 37% i n  t h e  b e s t  p a r t  w i t h  p e r m e a b i l i t y  o f  10  - 1 5  

d a r c i e s .  

Core 6. 

N o  samples a r e  a v a i l a b l e  from t h i s  c o r e  because  it i s  taken  i n  a  

v e r y  w e 1 1  developed sand from 1926 - 1939.5 m on t h e  log .  

Ac tua l  core i n t e r v a l  i s  1920 - 1926.5. The sand i s  similar i n  

log-response  t o  t h e  i n t e r v a l  1911  - 1918 m RKB where w e  

p o s t u l a t e  t h a t  no  p l u g s  are taken  i n  c o r e  5. 



PERMEABILITY. 

H o r i z o n t a l  p e r m e a b i l i t y  h a s  been p l o t e d  a g a i n s t  h e l i u m  p o r o s i t y  

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

The re  are two d i s t i n c t  t r e n d s ;  f o r  Arnundsen and Nansen. F o r  t h e  

t w o  l i t h o l o g i c a l  u n i t s  w e  have t h e  r e l a t i o n :  

Amundsen : Ocore = 0.1791 + 0.063 l o g  KLH r 2  = 0.71 

Nansen : Ocore = 0.2036 + 0.037 . l o g  KLH r 2  = 0.80 

For  t h e  v e r t i c a l  p e r m e a b i l i t y  we have found:  

Amundsen : * c o r e  = 0.2338 + 0.0409 * l o g  K L V  r 2  = 0.80 

Nansen : Ocore = 0.2237 + 0.0307 * l o g  KLV r2  = 0.87 

We have a l s o  found a r e l a t i o n  between t h e  h o r i s o n t a l  and v e r t i c a l  

p e r m e a b i l i t y  f o r  t h e  two l i t h o l o g i c a l  u n i t s .  

Amundsen : Log KLH = 0.6593 = l o g  KLV + 0.6149 r 2  = 0.82 

Nansen : Log KLH = 0.8230 l o g  KLV + 0.7267 r2  = 0.99 

The g e n e r a t e d  p o r o s i t y  - h o r i z o n t a l  p e r m e a b i l i t y  r e l a t i o n s  f o r  

Amundsen and Nansen have been used t o  c a l c u l a t e  p e r m e a b i l i t y  

from l o g s  based  on t h e  c a l c u l a t e d  p o r o s i t y  f o r  t h e s e  two 

f o r m a t i o n s .  

Because  no  d a t a  are a v a i l a b l e  f o r  t h e  o t h e r  members i n  t h i s  w e l l  

we have used t h e  Iilansen e q u a t i o n  t h r o u g h  a l l  o f  t h e  S t a t f j o r d  

f o r m a t i o n  and a l s o  T r i a s .  T h i s  h a s  been  done  to  see what r a n g e  

of  p e r m e a b i l i t y  w e  are t a l k i n g  a b o u t  i n  t h e  o t h e r  members, n o t  

t o  g i v e  exact numbers.  



TESTING SUMMARY. 

Two DST's and two F . I . T V s  were Lperformed. Here i s  l i s t e d  a 

summary of  t h e  main r e s u l t s  of  t h e s e  tests: 

DST n r .  1 : I n t e r v a l  2018 - 2028 n RKB 

Choke 24/64" 

O i l  2542 BOPD 

Ga S 2.15 MMSCFD 

GOR 845 SCF/STB 

DST n r .  2 : I n t e r v a l  1 8 9 1  - 1896 m RKB 

Choke 20/64" 

O i l  2050 BOPD 

Gas 1.9 MMSCFD 

GOR 926 SCF/STB 

F i t  n r .  1 2081 m RKB. 

2 3/4 Gal lon  chamber: 

3000 cc o i l  sp. g r a v i t y  0.85 

7000 cc m u d f i l t r a t e  

6 Ga l lon  chamber was empty; plugged f l o w  l i n e s .  

F i t  n r  2 2050 m RKB 

6 g a l l o n  chamber gave no r e s u l t s  due  t o  p lugg ing  

o f  f l o w l i n e .  



Table 1 
Petrophysical parameters for 34/10-11 

f 4 

f 
1 

NET PAY / NET SAND 
l 

AVERAGE 

' POROSITY 

1 2028-2083 ! 2 2 . 1 ! . 7  / 

Cut-off criterion : VSH > 40% 

PHIF < 12% 

SW > 65% 

AVERAGE 

SW 

% 

PERMEABILITY ---- --.- - -- - . - - , ; NET / GROSS 
ARITMETICH ~ N I C  RATIO i 

8 I 
AVERAGE / AVERAGE i 

i 

* VSH not included as cut-off 
























































