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COMMENTS

GENERAL:

GECO

PREPARATION:

Special core analyses have been completed on 11 frozen samples
from well 31/2-7. The samples were 1 1/2 inch plugs collected
in accordance with your sample list. A sample from depth
1614.70 m was impossible to obtain. Air permeability, porosity
and confined pressure measurements have been carried out on
all obtainable samples. The requested simplified saturation
exponent measurements will be presented at a later date, if
possible. The technique of measuring resistivity and water
saturation on friable samples is presently being developed.

The samples were drilled and cut in frozen condition using
liquid nitrogen as a coolant. Each frozen plug was mounted
in a triaxial cell and consolidated with a hydrostatic pressure
of 5 bar and allowed to thaw overnight. On the following day,
cold solvent cleaning was initiated using methanol and toluene
followed by overnight air blow drying. Air permeability, porosit
and confined pressure measurements were then collected in that
order.

MEASUREMENTS: - AIR PERMEABILITY

Air permeability was measured using N2~gas at 3 different
pressures. These values were the basis for calculating the
Klinkenberg corrected permeability. These data have been
presented both tabularly and graphically.

- POROSITY

Sample porosities were measured by formation water saturation.
The procedure employed was first to evacuate the plug confined
in the triaxial cell. A measured volume of water was then
drawn into the plug. To ensure complete saturation, a pressure
of 15 bar was applied to the injected formation water. A net
confined pressure on the plug was kept at a constant level,
namely 15 bar, under this operation.

- CONFINED PRESSURE MEASUREMENTS (isostatic condition)

Net overburden pressure was set in the laboratory without any
Geerstma-factor correction. Formation Resistivity Factor,
Porosity reduction, and Water Permeability were measured
simultaneously at increasing pressure levels in the triaxial
holder. The "atmospheric" pressure was set to 15 bar to
avoid leakage along the sleeve and the plug. The confined
pressure levels were as follows: 15 bar - 50 bar - 100 bar -
150 bar and 200 bar.
Pore pressure was kept constantly at one atmosphere.
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GECO
* Formation resistivity factor (FRF)

The formation resistivity factor was measured using a frequency
of 1 kHz. A platinum screen was placed at each end of the plug
to ensure good electrical contact over the end surface of the
plug. The parameters "a" and "m" in Archies formula FF = a • 0~m

were calculated both by least squares method forced through
(FF = 1.0, 0 = 1.0) and least squares method (free fit). The
forced fit curve is presented grafically.

* Porosity reduction

In these measurements it has been assumed that the water
saturation porosities were preserved at a confined pressure of 15
bar ("atmospheric" condition). A graduated pipette (vol. 1.0 ml,
grad. 0.01 ml) was used to measure pore volume reduction
when increasing the sleeve pressure and to note when stability in
the sample occured.

* Liquid permeability

Liquid permeability was measured by flowing degassed simulated
formation water through the plugs at a constant rate of 6 ml/min
until stability was achieved. Pressure transdusers measured the
pressure differance, A p.

NOTES

a) Plug from depth 1564.50 is suspected to have collapsed while
measuring water saturation porosity. It is for that reason
we might attribute the abnormal permeability reduction data.
The plug was collapsed when removed from the triaxial holder.

b) Plug from depth 1597.60 has an abnormal permeability reductioi
at 200 bar. When removed from the triaxial holder, however,
collapse was not observable.

c) Plug from depth 1547.50 and depth 1595.40 show a greater
water permeability than the Klinkenberg corrected air permea-
bility. There may have been a disturbance during the water
porosity injection.

The opposite, i.e. slightly less 1^0 perm than Klink perm,
is normally observed in the laboratory.
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The formation water was specified to have a resistivity of 0.07 ohm-m at 130°F.

I This request was gained by a solution consisting of 63 g sodiumchloride per litre
or\ 1 nf- •f r\ n -

I

solution.

The used formation water has the following characteristics:

Electrolyte consentration: Na+ : 23776 ppm

I Cl~ : 36724 ppra

Total 60500 ppm

Resistivity (130°F, 54.4°C): r = 0.070 ohm-mw

_ Resistivity (20°C) : rw = 0.121 ohm-m

• Density (20°C) : p = 1.043 g/cm3

• Viscosity (20°C) : n = 1.106 cP
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PETROGRAPHIC FEATURES

DEPTH (m) DESCRIPTION

•Ém
GE(

1547.50 Sandstone, grey, fine/medium grained, subrounded. poorly <
fairly sorted, with/mica, coal laminations, clay, calcite

1551.50 As above, medium grained, fairly cemented, with fossiles

1564.40 As above.

1571.60 As above, very poorly cemented, without/fossiles, calcit

1574.30 As above.

1591.45 Sandstone, grey, fine grained, subrounded. fairly cementei
sorted, with/mica, clay, coal laminations, calcite.

1595.40 Sandstone, grey, medium grained, subrunded. very poorly c
well sorted, grainstone. with/mica, calcite.

1597.60 Sandstone, fine grained, subrounded. fairly cemented, ver
sorted with/coal laminations, mica, clay, calcite.

1601.50 As above, very fine grained, with/fossiles.

1607.30 As above, poorly sorted, with/coarse sandgrains.
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PLUG SIZE AND POROSITY

DEPTH (m)

1547.50

1551.50

1554.60

1564.50

1571.60

1574.30

1591.45

1595.40

1597.60

1601.50

1607.30

LENGTH (cm)

6.42

6.44

6.55

6.23

6.42

5.25

7.60

4.20

7.48

7.40

7.39

DIAMETER (cm)

3.73

3.77

3.81

3.79

3.40

3.49

3.79

3.70

3.81

3.80

3.81

BULK VOLUME (cm!)

70.2

71.9

74.7

70.3

58.3

50.2

85.7

45.2

85.3

83.9

84.3

POROSITY (%)

28.5

29.5

27.2

34.1

32.5

32.2

24.9

32.4

28.9

28.2

21.7
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DEPTH (m)

1547.50

1551.50

1554.40

1564.50

1571.60

1574.30

1591.45

1595.40

1597.60

1601.50

1607.30

GECO
KLINKENBERG CORRECTED AIR PERMEABILITY

in Pressure
i.abs. )~1

0.790
0.601
0.464

0.890
0.660
0.450

0.827
0.623
0.477

0.906
0.667
0.502

0.909
0.669
0.503

0.908
0.669
0.503

0.868
0.647
0.490

0.908
0.668
0.503

0.861
0.643
0.488

0.787
0.601
0.463

0.625
0.502
0.402

Air Permeability
ka (mD)

213
206
200

2501
2456
2408

282
275
270

8869
8367
7866

8966
8588
8126

7171
6948
6727

187
184
181

1865
1798
1729

154
150
148

58.5
56.4
54.9

11.3
10.7
10.4

Klinkenberg cc
k. e.l. (n

182

2294

254

6669

7149

6179

173

1567

139

49.7

8.73
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Klinkenberq corrected
Air Permeability

Curve T t Klinkenbcrg pcnki 49.7*0

depth i 1601.50 m.

GECO
Petroleum
Laboratory

Curve "2" : Klinkenberg per*.: 8.73 »0

depth: 1609.30 «.
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I/Mean Pressure (1/atm)

V-82
o 073 - Rogal«nd Induvimrykk A s
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Klinkenberq corrected
Air Permeability

Curve "1" : KlinKenberg perm.» 182 «0
depth: 1547.50 .,

Curve "3" : Klinkenberg per».t 173 «0
depth: 1591.45 •.

GECO
Petroleum
Laboratory

Curve "2" : Klinkenberg per*.: 254 nO
depth: 1554.40 ..

Curve "4* : Klinkenberg per».: 139 «0
depth: 1597.60 ..

0.00 0.20 0.40

I/Mean Pressure (1/atm)

'-82
073 - Roø«tond Industntryfck A s
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Klinkenberq corrected
Air Permeability

Curve T i Klinkenberg pertki 2294 «0

depth t 1551.50 «.

GECO
Petroleum
Laboratory

Curve "2" : Klinkenberg per».: 1567

depth: 1595.40 «.

9000.

1000.
0.00 0.20 0.40 0.60 0.80

I/Mean Pressure (1/atm)

B3-NOV-82
Geco073 - Rog*J*nd Imtuti
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Klinkenberg corrected
Air Permeability

Curve "1* : Klinkenberg pert.1 6669 *0
depth . 1564.50 *.

Curve "3" t Klinkenberg perm.: 6197 *0
depth i 1574.30 •,

GECO
Petroleum
Laboratory

Curve "2" : Klinkenberg pen-.. 7149 nO

depth : 1571.60 m,

10000.

I

I
fta-wv
^K«co073 •

I/Mean Pressure (l/atm)

-62
073 - Rog^md mduttr,try*k A.I
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Permeability & Porosity vs. GCvsO Î ^S

I I I 1 1 1 Petroleum <3wt§V
hydrostatic sleeve pressure Laboratory '/n^/ i

• Depth Cm): 1547.50

• Original permeability (curve "1"): 355 mD

• Original porosity (curve "2"): 28.5 7»
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Permeability & Porosity vs. (jltvAJ Kiili:

I I I i i • 1 Petroleum VjJfwSC
hydrostatic sleeve pressure Laboratory vrn>/ i

' Depth (m): 1551.50

"• Original permeability (curve "1"): 2231 mD

• Original porosity (curve "2"): 29.5 %
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Wmeability S Porosity vs. (aCvAJ siris:
J L 1 • 1 Petroleum *5wl!ro>hydrostatic sleeve pressure Laboratory wj*o>

)epth (m): 1554.40

Original permeability (curve "1"): 230 mD

Original porosity (curve "2"): 27.2 %
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Permeability & Porosity vs. \JltvAJ ^^^S
I I I 1 1 - 1 Petroleum *53m§V

hydrostatic sleeve pressure Laboratory frir

Depth (m): 1564.50

Original permeability (curve "1"): 5471 mD

I Original porosity (curve "2"): 34.1 7»
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Permeability & Porosity vs.
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J 1 1 ' 1 ' Petroleum "̂ OTS*lydrostatic sleeve pressure Laboratory wffliy

Depth On): 1571.60

Original permeability (curve "1"): 6863 mD

Original porosity (curve "2"): 32.5 7»
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Permeability & Porosity vs.
hdrostatic sleeve ressure

GECsO

Depth (m): 1574.30

Original permeability (curve

Original porosity (curve
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Permeabil i ty S Porosity vs. GECO
I I I | / 1 / Q^»A«-«.l—..

I I J i L • ' 1 ' Petroleum XtftfWSV
hydrostatic sleeve pressure Laboratory vWv/ i

Depth (n): 1591.45

Original permeability (curve "1"): 144 mD

1 Original porosity (curve "2"): 24.9 %
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Dermeability S Porosity vs. GcCsO «-gPla:
J i 1 • 1 Petroleum *5??WSVhydrostatic sleeve pressure Laboratory vffliY

Depth (m): 1595.40

Original permeability (curve "1"): 1628 mO

Original porosity (curve "2"): 32.4 7»
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Permeability & Porosity vs.
'I L J 1 i • ' 1 ' Petroleum ^ffffiSShydrostatic sleeve pressure Laboratory vj^

Depth (m): 1597.60

Original permeability (curve "1"): 115 mD

• Original porosity (curve "2"): 28.9 %
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Permeability S Porosity vs. GtlUO ̂ ^ |̂
I II 1 1 • ' I ' Petroleum *5zft«5?

hydrostatic sleeve pressure Laboratory VTP^

Depth (m): 1601.50

Original permeability (curve "1"): 37.5 mD

| Original porosity (curve "2"): 28.2 %
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Permeability & Porosity vs. GECO ifijng*
I I I 1 1 - 1 Petroleum ^HWwS1

hydrostatic sleeve pressure Laboratory '/rn^

Depth (m): 1607.30

Original permeability (curve "1"): 5.5 mD

I Original porosity (curve "2"): 21.7 %
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GECO
FORMATION RESISTIVITY FACTOR VERSUS POROSITY

I
Determination of the parameters "a" and "m".

ro
FF a '

rw

I r0 « resistivity of sample (100% saturated).

rw = resistivity of saturating brine.

a = FRF value at fractional porosity of 1.0.

0 » Fractional porosity,

m = Cementation factor.

* The data sets and the calculated values are presented both tabularly and
graphically.
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Formation Factor versus Porosity

Company ..A/S.NQ8SKe.SUBiL
Of,

Confining pressures Atmospheric pressure Oti bar)

FF = 1.00» 0"L"

Fractional Porosity.
0
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Formation Factor versus Porosity

Company . . AÆ NQBS«. SHEU. .....................

Confining pressure s 50 bar

FF « 1.00*0"uel

Fractional Porosity.
"0"
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Formation Factor versus Porosity

Company .. AÆ. NQKKE. S

.3.U2.-.7

Confining pressure s 100 bar

FF = 1.00*0"LK

100 ••• OMHU CQUJ Oiimran nu

10

0.02

Fractional Porosity.
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Formation Factor versus Porosity

Company .. AÆ. NQBKE. SHJ,

Well .. 3.U2"7

Confining pressure t 150 bar

FF = 1.00*0"u*
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srsus Porosity
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