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INVESTIGATION OF CORES FROM WELL 31/2-4, NORWAY

- Petrophysical properties of core samples -

Ref.: Telex for 140822, dated 14-8-81, from Shell Forus, Norway,

to KSEPL, Rijswijk

Telex for 270507, dated 27-5-82, from Shell Forus, Norway,

to KSEPL, Rijswijk

INTRODUCTION

Petrophysical measurements were carried out on core samples

from well 31/2-4, Norway.

The samples consisted of frozen core plugs and frozen core

material. For drilling of the plugs, liquid nitrogen was used as

coolant.

Formation-resistivity factor and corresponding porosity

measurements were carried out at various isostatic pressures1.

The pressures applied were based on the information given in

telex for 121010 of 12.10.81.

Individual cementation factors were calculated from the

results at in-situ stress to show the variation in porosity/

formation-resistivity factor relationship for the different

.samples. An isostatic stress of 120 kg/cm2 was used, which was

assumed to be equivalent to an (estimated) initial effective

grain pressure of 200 kg/cm^ (Poisson's ratio 0.3).

The formation-resistivity relation may be expressed by:

FRF = 0.71 4>~1>92 (at 120 kg/cm2, Isostatic stress).

The correlation coefficient of the linear regression line for log

(FRF) versus log (<»>) was: -0.99.

Cation-exchange capacity measurements were carried out as

described in SMS 2285-1. The linear regression of Qv versus I/4»

showed (excluding samples 1 and 12) the correlation:

QV = (0.37- *)/(3.63xo)

(r = 0.92)

RKER.82.243
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The clay corrected formation-resistivity factors and

cementation factors as given in Table VI were calculated using

actually measured Qv values or the Qv versus 1/<|> relation. The

overall FRF' /<j> relation was found to be :
« O O C O

FRF = 0 . 4 8 <t>~ ^ (at 120 kg/cm , isostatic s t ress)

(R = 0 . 9 9 ) .
The RW of the artificial formation water used was

approximately 0.125 ohm metre at 22°C.

*P&b'le II gives porosities calculated from those measured at

isostatic pressure {Table VII) by conversion according to Teeuw ,

assuming a Poisson ratio of 0.3- The fractional change in pore

volume as a function of hydrostatic pressure is given in Table

III. Pore compressibility as a function of uniaxial pressure is

given in Table IV.

Mercury capillary pressure measurements were carried out in

an automatic pore-injectivlty apparatus (Autopore 9200). Owing to

the low degree of cementation between the grains, samples B and C

(depths 1574 and 1579 m, respectively) could not be cleaned with

various solvents. These samples were dried in a vacuum oven for 4

hours at 100 °C, after which the capillary pressure curves were

measured. The porosity values in the curve plots were calculated

on the assumption that at the highest pressure applied (60 000

psia) the pore volume was completely filled with mercury.

Estimated permeabilities as given in the figures were derived by

statistical approach from the shape of the capillary-pressure

curves when plotted as log pressure versus log mercury saturation

(% Vb).

The results of the analyses are given in Tables I-VII and

Figures 1-15.

RKER.82.243



- 3 -

REFERENCES

1. Teeuw, D., Prediction of formation compaction from laboratory

compressibility data.

SPE Journal, September 1971, pp. 263-271.

RKER.82.2̂ 3



Cn —

CN
v -(t

VJ -1C

0 6
4J O
U \
/rt mru (ji

vw .*:
l •—
e -p

ro

u
/^

/A

"v--x
VJ V

o
l j

rj
roii i

K-^

i>1

4-> -̂-
•H CN

> *•H *
l | (77+J tS
tø O

• r-! Xi

tø jfe

&P
\A *"^

C 4J
O enIU

-i-i
4J
roe
Vj
ot,

o
CN
|_ [

o
CN

m
rH

CN
rH

0
iH

1 AU 1

r-

m

>i
4-1 -»
•H > .
W O C•*• C^
O 4J
u <#> ro

J? ~&

£ ^
i | *
4-* •

a e
<u — '
Q

Q)
rH •
a oe c
ro
en

ro co CN o en
oo in r- vc oo

rH rH rH rH rH

CN VD T VO Cfi

m m r~ vo en
00 rH

rji vo «H rr in

o in r^ vo co
00 rH

o vo o ro oo

oo in p» vo r-
P- rH

in VC 00 CN rH

vo in vo vo r>
P- rH

in vo vo iH CN

ro in vo VD vo
f~ r-"

en in in en CN
o in vo in m
P» rH

in en in rH rH
en r~ oo co en

en ^ •«r ro «r
ro ro ro CN

o m in IH co
ro iH rH o ro

ro rH rH en o
CN in ro vo r-
«r rr in m in
rH rH rH rH rH

i l -----
\!\ ^>

4 L

•H CN ro T r-

00
vc

rH

ro

r-

rH

•

r-

o
•

r-

er,
•

vc

00
•

VD

vo
•

VO

00
co

ro
ro

00
CN

•<!•
r-
m
rH

o
rH

1̂-
r-

rH

in

CN
rH

ro

CN
rH

o

CN
rH

r^

rH
rH

m

rH
rH

T

rH
rH

«H
ro

O
ro

O
r-

0
oo
m
rH

«sr
rH

in
m

rH

ro

vo

CN
•

VO

CN
•

vo

CN
•

VO

rH

•

vc

rH

•

vo

in
co

CN
ro

ro
0

rH
OO
in
rH

in
rH

VO
T

rH

cn

in

00

in

r-

in

r-

in

vo

in

m
•

in

ro
ro

CN
ro

«31

ro

rH
oo
in
rH

VO
rH

en
vo

rH

r-

vo

VO

•
VO

VD
•

VO

in
•

vo

in
•

vo

*T
t

VD

CN
O

T
ro

O
CN
•

o
rH
VO
rH

en
rH

O •
• u T3

U O O)
&4 tø

w
•S
4J

O)
tø

u -H ro
IT tø S
V
13

CN
CN U -H

O 4J
4J 4-> -H
ro U 'C

d)
u
4-1
0)
e

ro C
O
O

vV C

E 4-1 T!
£. ro
O «w O

O rH
in
CN c Oo -H

ro 4J
•H tø

• • D O
>i O tø

rH rH -H
<1) <0
4J O >-l
ro fl;
E j-i T3
• H O C
X t. D
O
Wl "

a
ro ra

3
il

RKER.82.243



<u ^>-
u *J

tO
dl
k-l

u
4J 1
<0 CM r ,
4-> \ AJ
CO rH >
O ro rS
CO X.
r-l rH \

vw <y
c s
C E
o o

•H J-,
4-> U-l

c to
3 0)

CK rH

ro E i_ro Jir
to en
(U Mo IY
u v» \L
0 0 \
4-> U \
O
ro u-i
En O

is
ti
v
it
y

j 
C

y
c
le

)
n

a
ti

o
n

-R
e

s
i

•s
t 

L
o

a
d
 i

 n
e

e

VJ -H (P

O fc,

l

ro

M

CG

a
c
to

r 
,

j/
c
m

**
2

)

£ 4_)
ro

u
o
4-1
O

U-l

>1
4-> —
•H CM

> *•H *
i i c;

10 O
•rt \

w ty
d) v

1
C 4J

F
o

rm
a

ti
c c

4J
•H >

O -i
u <#>(
o
o.

4-1 •
a Eo — •
D

| S
a

m
p

le
,

n
o
.

c
CM

0
CM

in
i-H

CM
rH

0
rH

r-

m

-.

j
TJ
-*>

VO

ro

@\

rH

00

00
rH

00
rH

•H

00
rH

VO

r-
rH

rH

r-

ON

CM

CM
•H

CM
VO
iH

O
CM

r- iH in ro
T oo m in

ON co vo ve

in CM oo r~
co
00
rH

r- rH m rr
m IH oo r~

0
vo
iH

vo vo CM ro

in *r æ r~-
ro
T

in T o ro

m oo oo r-
ro
ro
rH

ro CM oo ro

in vo r- r-
o
CM
rH

CM <Ti in O

in ro r» r-
m
o
rH

rr ro o ^
O CT\ «3" CM

^ rH OO ON
ro CM CM

o m m ^r
CTi T CO CM

f • • •

oo ro r** ON
CM ro ro ro
vo vo vo vo
rH rH rH rH

rH CM ro TT .
CM CM CM CM

r̂ in
•*r r-.

in rH

in CM
rH

ro oo

in rH
rH

CM VO

in rH
rH

iH in

in rH
rH

ON ro

•*r iH
rH

ON O

TT rH
rH

r~ ro
r- 01

T m
ro CM

ro O
•H «*

rH in

ve vo
•H rH

in . vo '
CM CM

4->
•H
to
o

u o
co
<L> D
0) 4-1
U -H
CP 10
O l
•D C

CM
CM U

O
4J 4J
ro o

roo; u-i
V4 |

-u e
O)
E OJ

jc
C i ^

O uj
O

m
CM c
rH O

O 4->
ro
rH

.. o
>i O

•H rH

4J CJ
ro
e >-.
•H O
X fc,
o

'D
0)
in
co
o;
u
a
x
cu
cu

jQ

ro
e

ON
C ON
o •

•H O
4-1
ro n
rH
0> ^
i-l M

K
4-> —-

tO O
O) O iH
CO l-i \
3 0 ^

to S
ro 3 fTi

to to o
C l rH
o c
4J \ O
•H CL, VU
r^J Q^
C rT i V-J
o —
U C)

x: CM
en 4J ON
c •

•H C rH
'O CD |
ro > *
o -H *

o to cu
••H O) *

4J rH rH
ro ,

•»-> E
to ro o
O to
to n

•H (J)
f~* ^T t

i-i 4J a
<u b
TJ u
c o >i
3 Cu n

di U
<0 (C

S cu

ro
E
a>
x.

RKER.82.243



d)
o

g1

ro
O
J

w
Vj

b

O

uå

O\ ^i 1 \f)
°*\ ~*=xj i" >J3
•d-— '̂ n «•• *••

*r -
£ 8 ? ^

^— kw
w
0)

- 4J
> to

rH
dP IQ

•rH

- v:
-P -rH
•rH C
to 3
o
$-1 *
O CM

•K
E
u

ĵj
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V Catin-Exchange Capacity of Core Samples
from\ell 31/2-4 .

Sample ,
No.

i ,<>&eu~
2 . -SH-^u.
3
4
7

10
12
14
15
16

19
| 20

Depth,
( m . )

1423.30
- 1451.15

1531.15
1569.01
1570.54

1574.28
1576.10
1580.70
1581.03
1581.34

1610.20
1624.12

Porosity,
% bv

(atm. )

9.9
34.8
34.9
33.8
24.9

33.9

—30.3
32.8
32 .3

34.0
2 4 . 0

Permea-
b i l i ty ,

mD
_ _

—
—
—
—

—
—::—
__—

Grain
densi tv,

( g/mD
-fø/C-O.

2.69
2.64
2.78
2.61
2.60

2.62

—2.82
2.65
2.66

2.63
2.65

•

Qv
(m.eq/ml .pv
H<5*\/Ctf

0.08
0.00
0.03
0.03
0.10

0.01
0.31*
0.09
0 .02
0 .04

0.04
0.17 |

Remark: For the samples given the Qv / Porosity relation may
be expressed by Qv = ( 0.372 - PHI)/( 3.632 x PHI)
(r for relation = 0.924)

* Units of meq/100 gram.
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