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1, SUMMARY

Porosity and permeability, Klinkenberg corrected, have been
measured on 40 1%" X 2%" plug samples from Well 30/2-1, Ness,
Etive, and Rannoch formation.

Formation factor, resistivity index, and saturation exponents
have been determined for 20 plug samples from the three zones.
Saturation exponents from 1.73 to 2.16 were found, with a mean
value of 1.91.

Capillary pressure curves, air-brine, with eight pressure points

have been determined for the 20 plug samples.

Saturated rock conductivity have been measured with NaCl
solutions of 3 different strengths. Because of uncertainties in

the measuring method, the Qv has not been calculated

Mercury injection capillary pressure measurements have been
performed on the same 20 plug samples. The pore size
distribution are calculated. The mercury injection data show

lower irreducible water saturation then the air -brine data.

The results from the trapped gas measurements will be reported

later.

2. INTRODUCTION

Prolab was requested to make a study of capillary pressure,
air-brine and by mercury injection, electrical parameters, Co/Cw
measurements and trapped gas from well 30/2-1, Rannoch, Etive and

Ness formation. 20 plug samples were used in this study.
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3. THEORY

3.1 Formation factor and resistivity index at

ambient conditions

Electrical properties of porous rock are usually represented by

the formation factor FF and resistivity index RI defined as:

FF

Where R and R, are resistivity of 100% water saturation and

t
partially water saturated rock respectively. Rw is resistivity

of water used in experiment.

Formation factor will often be correlated with porosity using the

expression
FF = a‘Q 3.1.2

Here, the experimental data have been curvefitted by the use of
the least squares method on the logarithmic transform of

equation.

Two different methods have been tried out. First, both "a" and
"m" have been determined from the curvefitting procedure,
secondly the curve have been forced through the point @ = 1 and
FF = 1 so that a = 1.
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Resistivity index on the other hand depend on saturation. For

clean, non-shaly sand the fcllowing relation is used:

RI = S 0

3.1.3
w

The saturation exponent, n, are determined with the use of the

weighted least squares method on the logarithmic transform of
equation.

3.2 Co/Cw Measurements

The measurements are done with the purpose of determining any
possible contribution of the conductance in reservoir - rock,
caused by clay. The general equation for the conductance in
shaly sand is given by:

1
Co = Fpx= (B-Q,, + C)
Plots of Co versus Cw of fully watersaturated core samples show a
straight line relationship. If any clay is present there is a

positive displacement of the line on the Co axis at Cw = 0.

1 = the slope of the straight line portion of the Co vs. Cw
FE* curve

Co = specific conductance of 100 % brine saturated rock.

Cw = specific conductance of brine

B = the equivalent conductance of the clay counterions, 38.3
Qv = the effective concentration of clay cations (meg/ml).

LAB 83.37




3.3 Mercury Injection Capillary Pressue

Primary use of these data is to find the irreducible water

saturation, Swi.

The fractional mercury - saturation is expressed as:
S — V1n|
HG © y 3.3.1
p
V. . = injected volume cc
inj
Vp = pore volume, cc

The equivalent water-saturation is then given by

Sw =1 - Syq 3.3.2

The size range of the pores corresponding to each pressure are
calculated using the Washburn equation (1).

- 20 cos 6

D 3.3.3

Q
]

interfacial tensicn, dynes/cm

@
]

contact angle, degrees

'
1

capillary pressure, bar
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4., EXPERIMENTAL PROCEDURE

4,1 Sample Preparation

40 11/2" X 21/2“ plug samples had been drilled out by Geco. The
samples were washed by extraction using tcluene and methanol and
then dried at 60°C and 40% humidity.

4.2 Measurements of grain volume and pore volume

Subsequently the samples were weighed, and the helium porosity
was measured in a Core Lab Heliumporosimeter. The bulk volume

was measured using sliding callpiper.

4.3 Measurements of air permeability

Air permeability was measured and the Klinkenberg gas slippage
correction was found for each sample by linear regression of at

least 3 pressure points.

4.4 Sample Description

From a plot cof log K versus porosity of routine analysis of the
40 30/2-1 plug samples, 20 plug samples were selected to cover a
wide range of K and porosity. The table below shows a listing of

these plugs.

LAB 83.37
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Table 4.1
Plug no. Depth (m) Formation
39.1 3703.97 Ness
53.1 3714.47 "
59.1 3718.33 "
63.1 3719.68 "
68.1 3721.12 "
75.1 3723.50 "
88.1 3730.34 "
97.1 3737.00 "
101.1 3738.27 "
118.1 3749.43 "
131.1 3758.13 Etive
138.1 3761.12 "
142.1 3762.32 "
178.1 3775.13 "
181.1 3776.15 "
186.1 3777.87 "
190.1 3779.38 Rannoch
198.1 3782.37 "
202.1 3783.77 "
214.1 3787.93 "

4.5 Capillary pressure (Air-brine) and electrical measurements

The plugs were evacuated and saturated with degassed simulated
formation water (see Appendix I). To ensure 100% saturation the
plugs were placed in a pressure-vessel containing brine and kept
at 40 bars for 72 hours.

The resistivity was measured by using two silver painted rubber

electrodes pressed against the plug ends.
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The plugs were mounted on a brine-saturated porous plate, which
was mounted in a cell. A layer of kiesel-guhr was put between
the samples and the plate. Pressure was applied to the cell
using air saturated with water vapor. At least five days were
allowed for water drainage to reach equilibrium. Each plug was

then weighed, and the resistivity, Rt was measured as above.

After each weighing and resistivity measurement the plugs were
mounted back on the porous plate and a higher pressure was
applied. The pressure used were: 0.143, 0.274, 0.586, 1.59,
2.77, 5.0 and 12.0 bars. All resistivities were extrapolated to
20°C. After the last pressure peint the plugs were washed and
dried.

4.6 Co/Cw-measurements

Each plug sample was evacuated and saturated with degassed brine.
To ensure 100% saturation the samples were placed in a pressure
vessel containing brine and kept at 40 bars for 72 hours. The
samples were left immersed in brine until electrical equilibrium
had been attained. The resistivity of each sample was then
measured by using two silver- painted rubber electrodes pressed
against the plug ends. The plug samples were then washed and
dried.

This process was repeated until sample conductivities had been
determined with different saturating brines. The brines used
were, in chronological order, simulated formation brine, NaCl
solutions of concentration 60 000 ppm, 90 000 ppm and

120 000 ppm.
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4,7 Mercury Injection Capillary Pressure

Measurements

20 1%" diameter samples cf suitable sizes (appr. 10-12 cc) had
been drilled out by Geco. The plugs were washed by extraction
using toluene and metanol, and then dried at 60°C and 40 %

humidity. These samples were cut in two, set A and B.
The bulk volume was measured in a Ruska mercury porosimeter.

The mercury injection capillary measurements were performed using

a Ruska mercury pump designed for the range of 0-138 bar.

LAB 83,37




10
5. RESULTS
Table 5.1 gives the routine core data from 30/2-1.

Table 5.1 30/2-1

The Klingenberg corrected permeability (KL), the heliumporosity
(Por) and the grain density (Grdns).

Sample nr. Depth KL . ‘Por Grdns
(m) (mD) (Frac) (gr/cc)
39.1 3703.97 1.50 0.193 2.48
33.1 3714.47 0.22 0.136 2.67
39.1 3718.33 399.00 0.256 2.65
63.1 3719.68 991.00 0.248 2.65
48.1 3721.12 1493.00 0.280 2.65
v & v «473.1 3723.50 96.50 0.220 2.91
88.1 3730.24 0.28 0.160 2.790
97.1 3737.00 0,66 0.1635 2.489
101.1 3738.27 0.38 0.160 3.20
118.1 3749.43 2672.00 0.285 2.63
131.1 3738.13 168.00 0.273 2.67
138.1 3761.12 151.00 0.272 2.66
142.1 3762.32 326,00 0.293 2.467
178.1 3775.13 1.38 0.210 2.70
181.1 3776.15 1.57 0.196 2.71
1856.1 3777.87 4.65 0.22 2.73
190.1 3779.38 0.04 0.153 2.79
198.1 3782.37 0.26 0.193 2.70
202.1 3783.77 1.61 0.233 2.49
214.1 3787.93 2.44 0.222 2.67

Fig 8.1 shows a plot of permeability versus porosity.
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Table 5.2 gives the results of the electrical measurements

from 30/2-1.

Table 5.2

Electrical measurements 30/2-1.

11

|
—---"--------‘

%

Sample nr. Por FF n Swi

{(frac) frac
39.1 0.1693 . 37.65 1.74 0.437
3.1 0.156 48.80 1.89 0.748
9.1 0.256 13.40 1.90 0.110
63.1 0.268 11.90 1.86 0.106
68.1 0.280 11.60 1.84 Q.09
75.1 0,220 22,00 2.12 0.46!1
88.1 0.160 47,60 1.91 0.614
97.1 0.165 37.40 1.73 0.600
101.1 Q.160 52.60 2.16 0.612
118.1 0.285 10.70 2.03 0.093
131.1 0.273 13.00 1.99 0.225
138.1 0,272 15.30 2.05 0.229
142.1 0.293 13.60 2.09 0.197
178.1 0,210 31.90 1.94 0.542
181.1 0.196 30.50 1.9% 0.577
186.1 0,229 23.3 2.07 0. 461
190.1 0. 153 57.10 1.87 0.884
198.1 0.193 40.80 1.93 0.833
202.1 0,233 27.350 1.94 0.5967
214.1 0.232 24.20 1.89 0.473

Composite : FF = 0.59 ¢ 2'43, R2 0.92
FF = ¢-2'10 » Ry = 0.91
RI = Sw-1.91
LAB 83.37
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Fig.8.2 is a plot of formationfactor versus porosity.

Table 8.1-8.,7 list the results of the capillary pressure
(air-brine) analysis. The capillary pressure, the corresponding

water saturation and the resistivity index.

Fig 8.3-8.12 show the plots of resistivity index versus water

saturation for each sample.

Fig 8.13 is a composite plot of all samples, resistivity index

versus irreducible water saturation.

Table 8.8-8.10 give the results of the Co/Cw measurements

Fig 8.14-8.33 show the plots of coreconductivity versus
brineconductivity.

The mercury injection capillary pressure data are given in table
8.11 - 8.29. The plots of capillary. pressure versus mercury

injection are given in Fig.8.34-8.37

LAB 83.37
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6. DISCUSSION/CONCLUSION.

The formation factors increase with decreasing porosity as shown
in Fig 8.2. A linear regression using Archies equation
FF = a Q_m, gives FF = 0.59 0-2'43 and F = ®_2'10 when forced

through 1.

The saturation exponents, n, listed in table 5.2 go from 1.73 to
2.16 and a linear regression analysis on all data points gives
n = 1.91.

In the Co/Cw plots the curves have not been drawn to intersection
with the x-axis. Some of the samples will intersect with the
positive x-axis (sample no. 39.1, 53.1, 88.1, 97.1, 101.1, 178.1,
181.1, 198.1, 202.1, and 214.1) and this may be due to
uncertainties in the Co measurements. The Cw measured values

corresponds well with handbook values.
The mercury injection data are showing lower irreducible water

saturation than the air-brine data. The plugs with very low
permeability has the greatest disagreement.

LAB 83.37




7. LITTERATURE

1. Amyx, Bass & Whiting
Graw Hill Book Company,

14

: "Petroleum Reservoir Engineering”", Mc
London 1960.
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Appendix 1

simulated formation water composition:
Ma : 11480 ppm
K 610 ppm
Mg : 1490 ppm
Ca : 1230 ppm

The chloride ions of the cations above were mixed.

conductivity of the water at 20°¢:

5.42 S/m R = 0,188 Jiw yed J0°C

LAB 83.37
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Formationfactor versus porosity

Fig 8.2

Well 30/2-1

Plot of log FF versus log Por.

All samples.
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Table 8.1

Well 30/2-1

Capillary pressure,

19

the corresponding brine

saturation,

PG(bar),

SW (frac) and the

resistivity index, RI.

53.1 and 59.1

sample 39.1,

Sample 39.1

PG SW RI

0. 00 1. 000 1.00
0.14 0,999 1.02
0.27 0.994 1.07
0.39 0.923 1.17
1.59 0.499 3.596
2.77 0.454 3.83
5.00 0,452 3.90
12.00 0,427 4,07

Sample 53.1
FG SW RI
0.00 1.000 1.00
0.14 0.993 1.03
0,27 0.983 1.09
0,59 0,975 1.41
1.39 0.856 1.12
2.77 0.806 1.50
3.00 0.780 1.560
12,00 0.748 1.567
Sampld& 59.1

PG SW RI

0. 00 1.000 1.00
0.14 0.3532 3.69
0.2 0.302 9.97
0.59 0.202 21.24
1.59 0.138 34.47
2.77 0,120 53.97
5.00 0.116 59.01
12,00 0.110 54.46

LAB 83.37



Table 8.2

Wwell 30/2-1

Capillary pressure,

20

PG (bar),

the corresponding brine

saturation,

SW

resistivity index,

Sample 63.1,

Sample 63.1

(frac) and the

RI.

68.1 and 75.1

PG SW RI RI™
0. 00 1.0006 1.00
0.14 0.377 S.97
0,27 _0.245 13,66
0.99 0.173 27.70
1.59 0.125 52.53
2.77 0.110 61.15
5.00 0.107 61.15
12.00 0.106 50.07
Sample 68.1
PG SW RI
0. 00 1.000 1,00
0.14 0.310 7.97
0,27 0.218 16.13
0.59 0.1357 32,03
1.59 0.108 50.329
2.77 0.097 71.20
5.00 0,102 695.27
12.00 0,095 78.68
Sample 75.1
PG S RI
0.00 1.0Q0 1.00
0.14 0.963 1.10
0.27 0.759 1.90
.99 0.5850 2.66
1.59 0.915 4,20
2.77 0.496 4.36
5.00 0.3471 4.58
12,00 0.461 4.94
'LAB 83.37




Table 8.3

Well 30/2-1

Capillary pressure,

the corresponding brine

saturation,

21

PG (bar),

SW (frac) and the

resistivity index, RI.

Sample 88.

Sample 88.1

i,

97.1 and 101.1

PG SW RI
0.00 1.000 1.00
0.14 0.994 1.06
0,27 0.987 1.14
0.359 0.982 1.14
1.5%9 0,762 2.02
2.77 Q. 666 2.13
5.00 0.643 2,33

12,00 0. 514 2.49
Sample 97.1

FG SW RI
0.00 1.000 1.00
0.14 0.997 1.0S5
0,27 0.994 1.08
0.39 0.989 1.11
1.59 0.658 2.09°
2.77 0.636 2.18
5.00 J.618 2.23
12,00 Q. GO0 2.41

Sample 101.1

PG SW RI
Q.00 1.000 1.00
0.14 0.997 1.04
0.27 0.9390 1.12
0.59 0.985 1.12
1.59 0,682 2.3
2.77 0. 547 2.70
Z.00 0,620 2.67

12,00 0.612 2.88
LAB 83.37



Table 8.4

22
Well 30/2-1

Capillary pressure, PG(bar),
the corresponding brine
saturation, SW (frac) and the

resistivity index, RI.

Sample 118.1, 131.1 and 138.1

Sample 118.1

PG SW RI
0.00 1.000 1.00
0.14 0.360 8.11
0.27 0.271 15.80
0.39 0.182 34.91
1.59 0.124 74.53
2.77 0.105 90.67
5.00 0.098 102.24

12.00 0.093 116.04

Sample 131.1

FG . SW RI
0.00 1,000 1.00
0.14 0.933 1.20
0.27 0.469 4.53
0.59 0.336 8.95
1.59 0.240 18.02
2.77 0.225 19.32
5.00 0.217 20.21

12.00 0.225 18.88

Sample 138.1

PG SW RI
Q.00 1.000 1.00
0.14 Q.92 1.23
0.27 0.459 4.95
0.59 0.340 9.14
1.5 0,252 ¥7.23
2.77 0,236 18.94
S.00 0,231 20.34

12.00 0.229 20,15
LAB 83.37
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Table 8.5 Well 3C/2-1
Capillary pressure, PG(bar),

the corresponding brine
saturation, SW (frac) and the
resistivity index, RI.

Sample 142.1, 178.1 and 181.1

Sample 142.,1

FG SW RI
Q.00 1.000 1.00
V.14 0.354 3.28
0.27 0.379 7.40
0.59 0.297 12.99
1.39 0.223 24.48
2.77 0.211 26.40
5.00 0.203 27.67

12,00 0.197 29.00

Sample 178.1

PG SW RI
0. 00 1.000 1.00
0.14 0.996 1.05
0.27 0.990 1.15
.59 0.983 1.15
1.59 0.597 2.84
2.77 0.569 7.02
5. 00 0.556 3,03
12,00 0.542 3.22

Sample 181.1

PG SW RI
0.00 1. 000 1.00
0.14 0.997 1.04
0.27 0.9932 1.08
0.39 0.988 1.11
1.359 0.627 2.64
2.77 0. 603 2.71
S.00 0.392 2.62
12,00 0.577 2.88

LAB 83.37



Table 8.6

Well 30/2-1

Capillary pressure,

24

PG (bar),

the corresponding brine

saturation, SW

(frac) and the

resistivity index,

Sample 186.1,

Sample 186.1

RI.

190.1, and 198.1

PG Shi RI
0.00 1.000 1.00
0.14 0.991 1.04
0.27 0,989 1.10
0.39 0.813 1.66
1.59 0.3504 23
2.77 0.480 4,54
5.00 0.472 4,70

12,00 0. 461 4.85
Sample 190.1

FG S RI
0.00 1.000 1.00
0.14 0.993 1.05
0.27 0.988 1.14
0.39 0,982 1.16
1.59 0.976 1.16
2.77 0.929 1.15
5.00 0.944 1.18
12.00 . 884 1.28

Sample 198.1

PG SW RI
0.00 1. 000 1.00
0.14 0,997 1.04
0.27 0,993 1.12
0.99 0.986 1.14
1.59 0,942 1.23
2.77 0,907 1.22
5.00 0.887 1.24

12,00 3.88Z 1.37
LAB 83.37



Table 8.7

Well 30/2-1

25

Capillary pressure, PG

(bar),

the corresponding brine

saturation, SW (frac) and the
resistivity index, RI.
Sample 202.1 and "244.1
Sample 202.1
PG SW Rl
0,00 1,000 1.00
0.14 0,998 1.03
0.27 0.994 1.14
0.5 0.989 1.16
1.99 0, 628 2.42
2.77 0,583 2.86
5.00 0,573 2.93
12,00 0.5467 2.03
Sample 214.1
PG SW RI
0. 00 1.000 1.00
0.14 0.994 1.02
0.27 0.990 1.18
0.59 0.852 1.42
1.59 0.345 3.07
2.77 0,489 3.73
S.00 0.481 4,04
12,00 0.4773 4.28
LAB 83.37



Sample 53.1
1.89

is

B0 el e epeesieeespeneaagaeiasaageseseneneasaeeniepiann et ez ue e evenz nemagrannnnne i e seaneas "
o) n \v\.l - e-b .....w -
- Q - - +ofeedon
+ P = S T S S R SO IEY CLETTTRIDEETIE Bt Ob DO SR LURLACLR SLEEEE SRS - o SRRttt m y M
[ Q. LI 4 EPURRRRN < R -
| 1= - ! H : : -
u a It} ; u' ET TP ceecpracanfemmimn
. w o I SUTUS S
a ) : : ]
w noo i i
o O T B
M “-WoQ H :
@© % i :
H z O Rl ST & T 2 >
© @ 0 ; : ™
K - : : .
o O H ™
w ()] O A e ° ©
I o) e R T 5 5 V- VOO VNS NUURIR URURRRTRNL I S0 V0% WL SO0 SOUUOE SE SRR | o s
0 o . BE RPER .. ‘). S 0 S R (3 m
18] {4 T T ¢ ) R T S S S S S AOUD RS - FPNSP R SUPOH SUPU SURURUP SRR pes I S S S N S SOV JUSON SRS <
Q 3 3 A R [
> [ O T :
r Iy m R St S AR Sl S R £ S S St S e S e
x o 0 d . i A8 10 SO0 Y00 SV SO
()] > 0 - :
Lo} b d ; donesiaeenees IS SNEY
= H + O H : :
-~ r —~ O L Lofeeis SRR S O s o TYUS S S
. @® Pyl ; H : :
> -~ oo ™m0 R : I ; :
+ ) ] N m.\..‘". : ...m ; : $otedeodmacfoe : H :
Bl (o I | - w. ' H H g B B Rl LT TR =
> ~ T O . : : : :
-~ O H £ W ; : H : :
ot m O ®© : : i _ . :
n - i : HE: : : i : : a
o - P~ 0 T : : L o ] H m I S g
3] —~ O ¢« > 00°001 00° Gt 004 0000} 00°01 pov
[0] P ~ O A t R ) ] ( m ]
24 T A MmO

8.3

Fi




1.86

Sample 59.1
Sample 63.1

is
1,00
(o]

c popeyesgenepearpeasspnneiagenaness [ e mgeeeeaemmeegeenneaeezeeeamneeannian eee
(o] n ; 4 ~ . hed -
Hal Q ~ fodfecdecdoidon s i )
Es) —~ i : 2 L il cepee Y
o Q. : E £ I OO S <
H g -~ : ' IR : : -
- a ig) B Sl [EE RS TR ; 4”..+ B R s it TELRLD
+ n o H { :
© o B R Rt T T L A Rt SRR LRl poetecdecpaccteseporrroforiamnn e —its
0] I =} !
o O C e e Sebedmammee ...m.
1 ] Uy [oR N H
(1] % : :
) K I)) SEIE IR I U - Al é SLIR I S T a ~
o] wn H Pl ™
2 o : [ .
o 0 o : i ™
~ 0] o A % H e \*& =} 0
o~ 3 -~ ol W1 : ] e é
0 © . t " T ‘.M‘A:. ............
- 0 u Q + §055°7 00 O A A AU YOS A PO R St U SUR SO SRS m
b s-q-dpata . R S SO S <
[} >3 o - 3 e 3
> n L 4 K
N m© E NI N SR SOt SN TEUUUURUDSUUURUURNUUE S S UL WU SUE SO SN AN RUNRPIURTUUU E W S0 100 SR SO SO SUUUU UUUUUTE SRRt St SO -SUL JUURE SUUUUN SEUPUUIN: OO
% o n © RPN = .
() > 0 :
o] I T 25 0% TUR SELE PR -
o H L = :
X [a A B & T - - S SUOY SRR SO, . .
e @ : : i
>4 — om0 : : : :
+ | O v H 4 H
- N~ - AR S A S 3 v SR i a
> ~ v O : ; I : :
- O W O W : : i P : : :
s ™ o o : i : : i : - ; :
0 e H i i HE R A : i ; H : : a
o - P~ QO ] H \” HR N B : . ..i;.o : H : J : H °
()] —~ O ¢ > 0000 00° 01 00" § 00° 00} 0" 0 L
Q QQ ~ O A f I [1"] ‘ o 1
44 2 A n D

Fig 8.4

—




. / -
. /U - —
s |- - .
= V1 . "
(R feo)
T .IH. B 0 <t ™~ ~N
o —
- + e 8 e "
S L _ ~ — — Qm; N
Q,
Lo ” — = " E ]
< o~ < o
I v c @ c
A
Vo 0 8
=} -~ <
0 0 - -
- TR 9
» i E i
0] Q. - =
Y] e [N
3 [V IS
Es] n o
© (W}
n “ (=}
O O
Y] W oQ,
[} b » >
4+ 2 O ! » ~
© n ™M
K3 ot .
o O ™
[eo] %} o -~ e foe)
(N o] ~ Y o
n " . m
N n 1 o <
(1) 3 0 <
> n v Q.
4 © £
kS Q 0N ©
'] > )]
T
o H « o
- K~ D
e @©
> — O N 0
L I O =
- N~ 9]
> ~ T O
- O H 4 W
fs} ™m O © ' -
n o m
s -~ P 4 O
0 ~ O . >
i) » H o -H
(24 = Ao o
T
©
OY
o
(e




Fig 8.6
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Resistivity index versus water saturation

Well 30/2-1
Plot of log RI

versus log Sw for samples

is

88.1 and 97.1. Saturation exponent, n,
given for each sample,.
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Saturation exponent

1

-1

1 and 118
0.0

Resistivity index versus water saturation
Plot of log RI versus log Sw for samples

given for each sample.

Well 30/2

101.

Fig 8.7
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Fig 8.8
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Resistivity index versus water saturation

Well 30/2-1

Plot of log RI versus log Sw for samples

131.1 and 138.1.

given for each sample.
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versus log Sw for samples

1.
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Saturation exponent,
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Resistivity index versus water saturation

Fig 8.13

Well 30/2-1

Plot of log RI versus log Sw.

All samples.
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Appendix 3

Table 8.8 Co/Cw measurements from 30/2-1. Sample 39.1-88.1.

Conductivities are given in Siemens/m.

Sample Salinity 40700 60000 90000 120000
no. ppm ppm ppm ppm
39.1 Co: 0.14 0.20 0.30 0.41
Cw: 5.42 7.63 10.21 13.17

53.1 Co: 0.11 0.17 0.23 0.34
Cw: 5.42 7.63 10.21 13.17

59.1 Co: 0.41 0.54 0.70 0.95
Cw: 5.42 7.63 10.21 13.17

63.1 Co: 0.46 0.60 0.80 1.03
Cw: 5.42 7.63 10.21 13.17

68.1 Co: 0.47 0.60 0.80 1.05
Cw: 5.42 7.63 10,21 13.17

75.1 Co: 0.25 0.35 0.44 0.62
Cw: 5.42 7.63 10.21 13.17

88.1 Co: 0.11 0.17 0.23 0.32
Cw: 5.42 7.63 10.21 13.17

LAB 83.37
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Table 8.9 Co/Cw measurement from 30/2-1.Sample 97.1 - 178.1

Conductivities are given in Siemens/m.

Sample Salinity 40700 60000 90000 120000
no. ppm ppm ppm ppm
97.1 Co: 0.15 0.22 0.30 0.40
Cw: 5.42 7.63 10.21 13.17

101.1 Co: 0.10 0.16 0.21 0.29
Cw: 5.42 7.63 10.21 13.17

118.1 Co: 0.51 0.66 0.88 1.16
Cw: 5.42 7.63 1Cc.21 13.17

131.1 Co: .42 0.51 0.69 0.97
Cw: 5.42 7.63 10.21 13.17

138.1 Co: 0.36 0.48 0.63 0.85
Cw: 5.42 7.63 10.21 13.17

142.1 Co: .40 0.54 0.70 0.93
Cw: .42 7.63 10.21 13.17

178.1 Co: 0.17 0.21 0.36 0.47
Cw: 5.42 7.63 10.21 13.17

LAB 83.37
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Table 8.10 Co/Cw measurements from 30/2-1. Sample 181.1 -214.1.

Condutivities are given in Siemens/m.

Sample salinity 40700 60000 90000 120000
no. ppm ppm ppm ppm
181.1 Co: 0.18 0.27 0.37 1.50
Cw: 5.42 7.63 10.21 13.17
186.1 Co: 0.23 0.34 0.47 0.58
Cw: 5.42 7.63 10.21 13.17
190.1 Co: 0.10 0.14 0.18 0.22
Cw: 5.42 7.63 10.21 13.17
198.1 Co: 0.13 0.20 0.26 0.36
Cw: 5.42 7.63 10.21 13.17
202.1 Co: 0.20 0.28 0.35 0.53
Cw: 5.42 7.63 10.21 13.17
214.1 Co: 0.22 0.31 0.44 0.59
Cw: 5.42 7.63 10.21 13.17
LAB 83.37
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Appendix

Table 8.11

50

Capillary pressure {(bar),

mercury saturation (%) and

pore radius

Well 30/2-1

(micron).

A

sample 53.1

P SHe PR
FHG SHBG R
0.40 0.5 18.325
0.70 1.1 10.486
0.9¢ 2.1 B8.1356
7.20 2.8 1.019
7.30 5.0 0.979
7.90 8.2 0,729
8.30 11.5 0.884
8.80 14.7 0.824
.20 20.2 0.798
?.90 22, 0.741
10,40 26.7 0.706
11,00 30.4 0,667
11.70 33.7 0.627
12.80 6.9 0.573
13,50 I9.1 0.540
15.10 42.3 0.486
16.10 43.9 0.456
17.40 45.5 0.422
18.60 47.1 0.395
20,320 48.7 0.362
21.40 S50.3 0.3243
23.40 1.8 0.214
25.90 22.4 0.288
28.10 935.0 0.261
30.80 26.6 0,238
34.90 a8. 1 0,210
28.90 9.6 0.189
4Z.40 61.2 0,169
43.70 62.6 0.1351
595. 00 64.1 0.133
63.30 65. 6 0.1154
72.60 67.0 0.101
84. 40 68.3 0.087
97.10 69.5 0,076
110,30 71.5 0.067
127.90 72.7 0,057
168.10 75.0 0.0%0
226.60 76.8 0,044
I90.60 77.0 0.040
439. 40 78.4 0,032

LAB 83.37




Pable 8.12

Capillary pressure data

Capillary p

ressure (bar),

sample 59.1

mercury saturation (%) and
pore radius (micron).
Well 30/ 2-1
PHG SHG R
¢.00 0.0 0.000
0,23 4,3 31.913
0.40 12.5 18,350
Q.70 20.9 10.486
1.00 9.7 7.240
1.25 53.5 5.437
2.10 67.0 3.493
2.3 68.9 2.177
3.03 73.7 2.422
4.4% 78.7 1.657
?.32 83.6 0.771
15.10 87.8 0.486
25.20 89.9 0.291
49.80 F0.4 0.147
74,40 92.0 0.099
105.50 3.4 0.070
131.60 3.9 0.0356
LAB 83.37




Table 8.13

52

Capiliarv oressure data

Capillary pressure

{bar),

mercury saturation (%) and

pore radius

Well 30/ 2-1

(micron).

sample 63.1

FHG SHG R
0,00 0.0 Q. 000
0,36 19.8 20,389
0.45 27.0 16.311
0.63 29.4 11.551
0.80 34.1 9.173
0.99 40.3 7.414
1.20 S1.6 6.117
1.63 64.3 4,303
2.97 78.6 2.471
S.01 35.7 1.4465
8.18 88.9 0.897

12,10 ?1.3 0. 607

19.80 Q3.7 0.271

39.30 Q6.0 0.184

70.80 7.6 0.104

100, 00 99.2 0,073

122,40 99.2 0.055
LAB 83.37
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l table §.14 Capillary pressure_data_
Capillary pressure (bar),
' mercury saturation (%) and
pore radius (micron).
|
‘ ' Well 30/ 2-1 sample 68.1
;
l FHG DHG [
‘ Q. 00 Y 0. 000
0.10 3.1 71.262
G. 40 15.7 18.330
‘ 0,50 35.5 14.530
Q.60 47.8 12.233
l 0.70 S54.4 10.486
‘ 1.01 62.8 7.267
1.51 68.9 4,861
| ' 4,00 77.4 1.825
16.30 82.7 0.4350
| 25.50 85.0 0.288
50.30 88.1 0.146
I 79.60 89.0 0.092
100.50 89.5 0,073
' 135,00 89.5 0.054
1
l LAB 83.37




Table 8.15 lapillary pressure_data

Capillary pressure (bar),
mercury saturation (%) and

pore radius (micron).

well 30/ 2-1 sample 75.1
FHG SHG R
0. 00 0.0 0. D00
0.20 0.6 36,700
0. 40 0.6 18.330
0.60 D.6 12,233
1.01 1.1 7.267
1.50 1.1 4,893
z.09 4.4 2.37%
4,06 5.5 1.808
35.04 8.2 1.456
7.01 9.3 1.047
9.13 12.8 0.B04
17,10 20,32 0,360
17.10 24,9 0.429
25.00 0.9 0.294
40,00 42,7 0.183
62,10 3.2 0.118
99.00 £4.4 0.074
132.80 6%9.2 0,035

LAB 83.37




Table 86.16

65

Phusipustg uhmngp g i AT S e

Capillary pressure (bar),
mercury saturation (%) and

pore radius (micron).

Well 30/ 2-1 sample
FHG SHG R
0.00 1.0 0.600
1.01 2.5 7.247
1.76 2.5 4.170
5.45 2.9 1.347
7.03 3.3 1.044
10,60 1G0.3 0.692
32,90 47.2 « 223
48. 40 34,2 0.152
59.60 62.5 0.123
74.00 66.9 0.099
99.70 71.2 0.074
114,60 73.68 0.064
135.00 75.0 0.024
LAB 83.37
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Table €.17 Capillary pressure cdata

ey supumpipmiben s SEEEN S’ uounaniigui ol e

Capillary pressure (bar),
mercury saturation (%) and

pore radius (micron).

Well 30/ 2-1 sample 97.1
PHG SHG R
GO0 0.0 0. 000
0.41 1.1 17.902
1.49 1.4 4.926
3.15 1.4 2.330
3.06 2.7 1.451
7.02 6.0 1.044
10.00 .4 0.734
15.10 26.7 Q.486
21,30 39.8 0.345
259.20 45.3 0,291
I9.00 32.9 0.210
49,50 62.7 0.148
70.20 56.4 0.105
88.90 72.9 0,083
108.50 72.9 0.068
122.80 T7Z.6 0,055

LAB 83.37
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Table 8.18

Capillary pressure (bar),

mercury saturation (%) and

pore radius (micron).

Well 30/ 2-1

FHG SHG ¢
0,00 0.0 0.000
0.49 1.1 14,980
1.01 1.2 7.267
5.11 1.8 1.4346
7.04 5.0 1.043
.90 18.2 0.741

15.10 I3.1 0.486
20. 10 43.7 0.365
25.30 49,2 0.290
35.20 6.3 0,209
49,80 63.7 0.147
70.20 69.4 0.103
90.30 73.2 0.081
109.20 77.% 0,067
138.00 . 78.9° 0.033
LAB 83.37
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Table 8.19

Capillary p

Capillary p

mercury sat

6S

ressure {(bar),

uration (%) and

sample 118.1

pore radius (micron).
Well 30/ 2-1

PHG SHG =4
0.00 0.0 0,000
0.11 9.8 66.727
0.20 25.7 36.700
0.66 48.0 11.121
1.01 51.4 7.2867
2.48 59.1 2.960
.47 62.2 2.115
S.3 b6.1 1.375
7.11 8.8 1.032
?.48 71.4 0.774
12,10 73.5 0.8607
16.10 72.5 0.456
25.320 75.7 0.290
41.40 75.9 0.177
62.60 79.2 0.117
?8.50 80.9 0.075
128. 30 80.9 0.057

LAB 83.37



Table 8.20 gggillary_gressure data

Capillary pressure (bar),
mercury saturation (%) and

pore radius (micron).

Well 30/ 2-1 sample 131.1
FHG SHG R
0.00 0.0 Q. 000
0.31 3.0 23.677
0.50 4.3 12,233
1.01 23.7 7.267
2.32 3t.1 3.164
3.70 3.2 1.984
5.47 39.3 1.342
7.67 62.2 0.957
3.68 64.9 0.846
12.30 70.4 0,587
18.10 74.9 0. 406
24,90 78.1 0.295
24.90 el.1 0.210
50. 60 83.9 0.145
75.80 856.6 0.097
99.40 g8.1 Q.074
121,69 89.95 0.056
LAB 83.37
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Table 8.21

70

Capillary pressure (bar),

mercury saturation

pore radius (micron).

well 30/ 2-1

(2) and

sample 138.1

PHG SHG R
0, 00 0.0 Q. 000
Q.02 0.8 367 . 000
Q.10 1.4 73,400
0.30 1.6 24,4467
0.50 2.4 14,680
0.68 4.7 10,794
0.79 9.0 9.787
Q.81 15,2 9.062
0,83 20.4 8.6235
0,90 26.1 8.136
0.96 0.8 7.046
1.01 33.8 7.267
1.15 42.1 6.283
1.25 45.5 5.872
1.50 50.9 4,893
1.72 S4.1 4,267
2,00 36.9 3.670
2.64 61.0 2.780
Z.50 64.4 2.097
S.17 88.2 1.420
7.00 71.3 1.049

10,00 73.9 0,724

20,00 5.3 0.367

20.00 82.8 0,243

o0.00 85.9 0.147

100,00 89.0 0,073

135.00 90.0 0.054
LAB 83.37




Table 8.22

71

Capillary pressure -(bar),

mercury saturation

pore radius

{micron) .

Well 30/ 2-1

(%) and

sample 142.1

PHG EHG R
0,00 0.0 0,000
.05 1.7 144,300
0.20 2.0 36.700
0.43 4.4 17.070
(.55 10.3 123.345
Q.80 20.6 12.233
0.70 359.53 10,486
0.75 40.5 ?.787
0.83 44.8 8.843
0.95 49.3 7.724
1.01 S0.7 7.267

.20 94.2 6.117
3.45 65.6 2.128
4,50 &68.0 1.631
6.00 70.7 1.223

10,320 74.7 D.713
13,00 77.5 0.489
20.00 79.9 v, 267
S0.00 B2.3 0,245
40.4¢ 84.3 0.182
61.00 86.2 0,120
F0. 00 88.?2 0,082
120,00 88.9 0,061
125,00 89.4 0. 054
LAB 83.37
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Table 8.23

Capillary p

75

ressure (bar),

mercury saturation (%) and

pore radius

{micron).

Well 30/ 2-1

sample 178.1

FHG SHG F
0,00 0.0 0. 000
0.10 1.4 73.400
0,320 1.4 24,467
0.72 1.7 10,194
1.Q0 2.1 7.340
2.60 2.3 2.823
4,350 8.2 1.6314
5.00 7.9 1.468
5.98 15.9 1.315
5.90 20.8 1,244
6.30 25.4 1.165
6.80 28.8 1.079
7.54 3.6 0.973
3.590 6.7 0.864

10,70 42.0 D, 4586
12.50 45.9 0. 587
15.00 49,7 1,489
17.50 53.2 0,419
20,00 99.7 0.367
23.50 S9.1 0.312
27.00 61.6 0,272
31.00 64.4 0.237
40, 00 67.7 0,183
S0. 00 74.0 D.147
60. 00 73.8 0,122
75.00 76.6 0.098
100,00 79.0 0,073
115,00 80.6& 0.064
135,00 81.3 0,024
LAB 83.37
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Table 8.24 Capillary_pressure_data

Capillary pressure (bar),
mercury saturation (%) and

pore radius (micron).

Well 30/ 2-1 sample 181.1
FHG SHEG R
0.00 D.0 0,000
.20 1.4 36.700
0.30 1.6 14,680
1.00 1.8 7.340
2,00 1.9 3.670
3.20 2.6 2.294
4,00 4,9 1.835
4.350 5.1 1.631
4,92 10.6 1.492
9.20 13.7 1.412
.40 17.1 1.359
3.70 21.1 1.288
6.00 24,2 1.223
46.40 27.7 1.147
6.90 J0.6 1.064
7.62 4.3 0,963
8.00 I6.32 0.918
8.60 IB.4 0.853
9.20 40.4 0.798
10,00 42,2 0.724
11.00 44,3 0.667
12.30 47.2 0,597
14.00 S0.1 0,32
15.00 21.4 0,489
16.S0 93.3 0.445
18. 50 a6.1 0,397
21.00 8.3 0,330
24.00 61.2 Q. 306
27.00 63.6 0,272
30.00 63.7 0.245
23,00 67.6 0,210
40.00 70.7 0,183
45.00 72.8 0.163
0. 00 78.3 0.147
60, 00 77.2 0.122
70,00 78.9 0, 105
80,50 80.8 0.091
F0. 00 81.7 Q.082
100,00 82.8 0.073
120,00 84.56 0,061
125,00 85.2 0,054
LAB 83.37




Table 8.25

Capillary pressure (bar),

mercury saturation (%) and

sample 186.1

pore radius (micron).
Well 30/ 2-1
FHG SHG R
0.00 0.0 0.000
Q.72 2.0 10.194
1,00 2.3 7.340
2.54 S.4 2.890
4.13 27.1 1.789
5.3 36.2 1.362
6.38 40.8 1.150
9.16 50.0 0.801
10.50 52.5 0.699
11.90 $3.3 0.617
15.00 60.2 0.489
20,30 66.0 0. 362
25.00 69.9 0.298
34.70 73.32 0,212
48.80 80.1 0.150
74.50 84.9 0.1099
98, 50 87.6 0,079
129,60 88.7 0.057
LAB 83.37




Table 8.26

Capillary p
mercury sat

pore radius

ressure (bar),

uration (%) and

{micron).

Well 30/ 2-1

sample 190.1

PHG SHG R
0.00 0.0 0.000
Q.65 2.0 11.292
1.00 2.3 7.340
2.30 2.9 3.191
.78 2.5 1.942
5.09 3.9 1.203
?.62 9.2 0.763

11.80 7.1 0,622
13.00 14.9 0.489
18.10 22.7 Q. 306
20.90 29.6 0.3251
25.230 37.5 0,290
29.80 44.2 0.246
38.70 S3. 0.190
49,50 99.4 0.148
3.40 68.2 0. 100
8. 10 73.5 0.075
133.30 77.5 0,055

LAB 83.37
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Table 8.27 Capillary pressure_data

Capillary pressure ({(barj,
mercury saturation (%) and

pore radius (micron).

' Well 30/ 2-1 sample 198.1
l FHG SHG R
0,00 0.0 0. 000
0,38 1.2 19.316
. 1.00 2.4 7.3240
4.98 2.6 1.474
7.3 2.6 0.993
I 9.98 6.3 0.735
12.40 15.9 0.3592
14.90 22.4 0.493
18.40 4.6 0.399
l 20. 10 39.7 Q. 765
25.50 S0.2 0.288
29.90 54.8 0.245
. 37.10 &G.6 0.198
i 42.70 62.8 0.168
095,10 68.7 0.133
70.30 72.8 0,104
. F0. 00 76.8 0.082
111.30 80.0 0,066
l 124.350 B0, S 0,058
L
¥ |
. LAB 83.37




77
Table 8.28 Capillary pressure_data

Capillary pressure (bar),
mercury saturation (%) and

pore radius (micron).

Well 30/ 2-1 . sample 202.1
FHG SHEB K
0,00 0.0 0. 000
0.25 1.4 29,360
1.00 1.9 7.340
3.81 S.0 1.927
5.88 20.4 1.248
6.82 24.1 1.0748
3.51 1.0 0.863
?.90 39.7 0.741
12.50 9.9 0.3987
16.00 45.9 0.459
20.320 50.7 0,362
74,90 594.9 0.295
I36.30 61.8 0.201
90.10 65.0 0.147
75.20 58.8 0.098
99.10 71.4 0.074
130.20 74.73 0.056
LAB 83,37




Table 8.29

et ARG vupunihuunhs Gt ]

Capillary pressure (bar),
mercury saturation (%) and

pore radius (micron).

Well 30/ 2-1

sample 214.1

PHG SHG R
0.00 0.0 0.000
Q.66 1.4 11.121
1.00 1.4 7.340
&6.64 22.4 1.105
8.90 26.8 0.828

10.20 30.0 0.720
13.70 6.7 Q.53
13.90 40.7 0.462
19.50 4z,7 0.376
24.9¢ 47.5 0.29%
31.20 S0.7 0,235
40.90 52.5 0.179
S90. 40 99.7 0.146
73.50 60.2 0,100
100, 30 62.9 0,073
132.50 65.4 0.035
LAB 83.37
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