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Attention: Karl Arland
Subject: Special Core Analysis
Well: 34/10-4
Fiie: UKSCAL 7964
Gentlemen, '

In a Jetter dated 21st November 1979, ref KSA/Bri from Mr Karl Arland of Statoil,
Core Laboratories UK Limited were requested to perform a series of special core
aralysis measurements on samples from the subject well.

The results of these measurements are presented herein and serve to confirm those
previously submitted in preliminary form.

Five full diameter core pieces were recaived for use in this study. Four one and
a half inch diameter samples were drilled from each core piece using synthet1c
formation brine as the bit lubricant. Due to the friable nature of the care. some
of the samples were ultimately mounted in thin metal sleeves to maintain the1r
coherence. A1l samples are described with respect to depth and lithology on page
1 of this report.

It has been a pleasure working with Statoil on this study. Should you have any
questions please do not hesitate to contact us. '

Yours faithfully,
CORE LABORATQORIES UK LIMITED

Jon Roberts
Laboratory Manager
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Discussion of Laboratory Procedures

Five of the core plug samples were p]aced under synthetic formation brine prior
to fresh state analysis. The remaining samples were cleaned in cool solvents and
dried in an humidity controlled oven, Air permeability and helium injection
porosity were then measured. :

Air-Brine Capillary Pressure Data (Page 2)

Five samples were scheduled to undergo this ana]ys1s but sample Al fractured and
could not undergo further measurements.

The clean, dry samples were evacuated and pressure saturated with simulated
formation brine consisting of approximately 43,500 mg/1 total dissolved solids
and was synthesised according to information furnished for use in this study..

The samp]es were placed in a porous plate cell and humidi fied nitrogen introduced
at increasing incremental pressures up to 13.6 bars. Equilibrium saturations
were determined. grav1metr1ca11y with the samples removed from the cell. The _
results are presented in tabular form on page 2 and in graphical form on pages 3
through 6.

Formation Factor and Resistivity Index Data (Page 7)

Prior to air-brine capillary pressure measurements, the electrical resistivity of
the fully saturated samples and saturant brine were measured on consecutive days
until results stabilised indicating ionic equilibrium within the core samples.
Formation resistivity factor values were calculated and results are presented in
tabular form on page 7 and in graphical form on page 8. With an intercept 'a’
value of unity the average cementation exponent 'm' value is 1.72.

During measurement of air-brine capillary pressure, wh11e the samples were
removed from the cell, their resistivity was measured at each equilibrium
saturation.

Resistivity indices were calculated and results are presented in tabular form on
page 7 and in graphical form on pages 9 through 13. The saturation exponent 'n'
values vary from 1.88 to 2.02 with an average of 1.97.

The above results are comparable with those obtained for well 34/10-3 ref UKSCAL
7932 where the average cementation exponent 'm' value is 1.75 with an intercept

a' value of unity, and the average saturation exponent 'n' value is 1.95.

Air Permeability at Differential Pressures (Page 14)

The same suite of samples that underwent air-brine capillary pressure and
electrical resistivity measurements were also scheduled to undergo this
analysis.

The samples were leached in cool methanol and dried in an humidity controlled
oven.

Cont'd......
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The samples were then each mounted in an hydraulic core holder. Gas was flowed
through each sample, the volume of which was measured using a wet test meter.
Upstream and downstream pressures were gauged using liquid manometers. Air
permeab111t1es were measured at four d1fferent1a1 pressures and the resu]ts are
presented in tabular form on page 14. ’

Gas-0i1 Relative Permeabi1ity Data  (Page 15)

Five samples which had previously undergone wettability analysis were also
scheduled to undergo gas-oil relative permeab111ty measurements.

The clean, dry samples were evacuated and pressure saturated w1th simulated
formation brine. Sample A3 fractured and could not undergo further analysis.
The remaining samples were placed in an high pressure cell and desaturated to
immobile water saturations.

Each sample was then mounted in an hydraulic core holder and held under reservoir
confining pressures of approximately 30.4 bars. They were each flushed with a
refined mineral o1l having a viscosity of approximately 20 centipoise at room
conditions to ensure the removal of all gas and mobile water. Effective
permeability to the oil was then measured.

Gas-0il relative permeability measurements were performed using humidified
nitrogen as the displacing phase. Incremental productions of 0il and gas were
recorded against time and the floods were terminated at gas-oil relative
permeability ratios in excess of 30. Relative permeability data was calculated
using a digital comguter and the resuits are prasented in tabular forn on pages
15 through 18 and in graphical form on pages 19 through 26.

Waterflood Susceptibility Data at Reservoir Conditions (Page 27)
Five sampTes were scheduled to undergo this analysis.

The clean, dry samples were evacuated and pressure saturated with synthetic
formation brine, and then desaturated in an high speed centrifuge, to immobile
water saturations. The samples were each mounted in an hydraulic core holder and
flushed with treated degassed kerosene at room conditions to displace any trapped
gas and mobile water

The samples were then removed and each placed in an hydraulic core holder in a
reservoir conditions oven. Internal and external pressures were raised simul-
taneously to 307 bars and 358 bars, respectively. When the pressure had
stabilised the temperature was increased slowly, until the reservoir temperature
of 162°F was attained. When conditions had stabilised once more, crude 0il was
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flushed through and effective permeability to this crude was then measured. The
samples were then allowed to age for a period of weeks, at reservoir pressure and
temperature, in this live crude. After ageing, a few pore volumes of crude oil
were again flushed through and effective permeability to this crude ofl
remeasured.

Waterfloods were performed using synthetic formation brine as the displacing
phase. Incremental volumes of o0il and water produced were recorded against time
and the floods were terminated at watercuts in excess of 99.99%.

Results are summarised on page 27 and are presented in tabular form on pages 28
through 31 and in graphical form on pages 32 through 35. Sample A5 failed during
this analysis and no data is available.

Water-0il Relative Permeability Data (Page 36)

IWatér-oi1're1ativé permeability data was calculated from the waterflood suscep-
-~ tibility results. The data is presented in tabular form on pages 36 through 39
and in graphical form on pages 40 through 47. ,

Water Permeability Data (Page 48)

Four samples were scheduled to undergo this analysis.

The clean, dry samples were evacuated and pressure saturated with synthetic
formation brine. Each sample was mounted in an hydraulic core holder with an
effective overburden pressure of 13.6 bars, they were then flushed with the brine
to ensure the removal of any trapped gas, permeability-to the brine was then
measured. ' ‘ '

The effective overburden pressure was then increased to approximately 51.0 bars,
the samples were flushed with the brine until conditions stabilised and
permeability to the brine was then measured.

The samples were then placed in a reservoir conditions oven, mounted in an
hydraulic coreholder and the internal and external pressures were raised simul-
taneously to 307 bars and 358 bars respectively. Brine was flowed through-each
sample until a stable water permeability was reached. :

With the samples still under these conditions the temperature was increased until
the reservoir temperature of 162°F was reached, brine was flowed through each
sample until conditions stabilised and permeability to the brine was again
measured. Results are presented in tabular form on page 48.

Wettability Determinations by Imbibition and Dynamic Displacement ({Page 49)

Five fresh state samples were scheduled to undergo this analysis.

The samples were each mounted in an hydraulic core holder and flushed with
synthetic formation brine to ensure the removal of any trapped gas. Effective
permeability to this brine was then measured.
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They were then immersed in treated, degassed kero%ggg for a period of weeks until
static imbibition of the kerosene ceased volume of oil imbibed, indicated
by the volume of brine dTSpTaced, was recorded. The plugs were then flushed with
kerosene and the volume of brine displaced indicating the volume of kerosene -
‘imbibed recorded. Effective permeability to the kerosene was then measured.

The procedure was repeated using synthetic formation brine as the imbibing fluid.
Wettability indices were calculated using the volumes of fluid statically and
dynamically imbibed.

The samples were then cleaned in Dean-Stark type distillation apparatus, leached
in methanol and dried in an humidity controlled oven.

Air permeability and helium injection porosity were measured ‘and fluid
saturations calculated using material balance equations.

Results are presented in tabular form on page 49. The ) tendency to
be wet by water except for sample E3 which shows a tendency to be wet by oil.

Rock Compressibility Data (Page 50)

Five samples were scheduled to undergo these measurements but sample A2 was
unsuitable for this analysis.

The remaining clean, dry samples were mounted in heat shrinkable tubing, placed
in an hydraulic core holder, then saturated with a brine consisting of
approximately 30,000 mg/1 sodium chloride. The external sleeve pressure and
internal pore pressure were raised simultaneously to approximately 361 bars and
347 bars respectively. Having reached pressure stabilisation, the internal pore
pressure was reduced incrementally to simulate reservoir depletion and
corresponding pore volume reductions recorded.

Compressibilities were calculated from a plot of pore volume versus effective
overburden pressure and, from the curve, the instantaneous change in pore volume
per unit overburden pressure was determined. Thelresu1ting compressibilities
were corrected for uniaxial loading as per Teeuw ~. The results are presented
in tabular form on pages 50 through 53.

1 Uniaxial loading conditions, transformed from hydrostatic data as per Teeuw,
Dirk: "Prediction of Format1on Compaction from Laboratory Compressibility Data"
Trans AIME (1971) 251, 263-271.
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CORE LABORATORIES UK LTD.

Petroleurn Reservoir Engineering
LONDON-—-ABERDEEN

Page 1 of 33

File UKSCAL 7964

COMPANY: STATOIL ‘ FORMATION:
WELL: 34/10-4 A COUNTRY: NORTH SEA
FIELD: ‘ NORWAY

IDENTIFICATION AND DESCRIPTION OF FULL DIAMETER SAMPLES

. Sample Depth :
o Number Feet Lithological Cescription
A3 1836.09 Sst, 1t brn, med gr wsrt, pcmt, fri, mic
B1 1867.12 As Above
B2 Lanwed 1867.19 As Above
————
B3 1867.25 As Above
- B5 1867.33 As Above
C1 1869.11 As Above
02 Rewwth 1869.15 As Above
C3 R ool 1869.20 As Above
CS Aatcn 1869.32 As Above
D1 down— 1879.76 As Above .
(. D2 Rowmnet 1879.80 As Above 0 P
D3 1879.85 As Above
DS 1879.97 As Above
E1 1889.28 As Above
E2 Rl 1889.35 As Above
E3 1889.40 As Above

ES 1889.48 As Above

:3@ analyses, opinions_or interpretations are based on observationa and material supplied by the ctien! to whom, and for whose exclusive and confidentia:
), this wort is made. The interpretatons or opinions expressed represent the best judgment of Corelaboratories. UK Lid., {(ail errors and omissions excspted): but
‘@ Lat sries, UK Lid., and its officers and empioyees. assume no responsibil.ty and maxe no warfanty of representations as to the productivity, prooor operation,
Jrofita. ..ress of any o:l gas or other mineral weli or sanc in connection with which such report is used or relied upan.



CORE LABORATORIES UK LTD.
Petroleum Reservoir Engincering
LONDON—ABERDEEN ) 2

Page of 53 -

File:  UKSCAL 7964

AIR-BRINE CAPILLARY PRESSURE DATA

Pressure,Bars 07 4 .27 .54 1.0 2.0 13.6
Sample Permeability Porosity .
Number Millidarcys Per Cent Brine Saturation,'Per Cent Pore Space
B1 1496 37.9 - 89.8 46.2 27.5 - 21.3 17,5 16.9 16.4
ool 1286 37.2 92.0 46.3 29.4 21.4 15.3 12.7 12.6
D1 1275 . 38.4 91.2 47.5 2.8 21.1 18.1 16.8 16.7

El 639 - 36.6 93.9 73.9 40.5 30.1 24.5 22.1 20.7

3 analyses, opinions or interpretations are based on observations and material supplied by the client to whom, and for whose exclusive and configential
this re-~rt is made. The interpratations or opinions expressed represent the best judgment of CoreLaboratorres, UK Ltd.. (ail errors and omissions excepted); but
Labo es. UK Ltd., and its officers and empioyees. assumae no responsibility and make no warranty or representations as to the productivity, proper operation,
ofitabt. .S of any oil, gas or other mineral well or sand in connaction with which such report is used or relied upon. MR



53
of.
7964

3

- Page

CORE LABORATORIES, UKLTD.

File vxscat

Petroleum Reservoir Engineering
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Pressure, PSI

CORE LABORATORIES, UK LTD. Page_ > __of 33

Petroleum Reservoir Engineering File vxscat 7964

LONDON-ABERDEEN

Company STATOIL Formation.

Well_ 34/10-4 Country, NORTH SEA

Field v -NORWAY

SAMPLE NUMBER: D1
AIR PERMEABILITY, MD: 1275
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Petroleum Reservoir Engineering File uxscat 7964
LONDON-ABERDEEN

Company STATOIL Formation
Well 34/10-4 Country __NORTH_SEA
Field ‘ NORWAY
SAMPLE NUMBER: El

AIR PERMEABILITY, MD: 639
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CORE LABORATORIES UK LTD.

Petroleum Reservoir Engineering
LONDON—ABERDEEN

Page 7 of 53

File: UKSCAL 7964

FORMATION FACTOR AND RESISTIVITY INDEX DATA

Resistivity of Saturating Brine, Ohm-Meters: .195 @ 600 .

Sample  Air Permeability Porosity Formation Brine Saturation Resistivity
Number  Millidarcys Per Cent Factor Per Cent Pore Space Index
D1 1275 38.4 5.2 100 1.00
89.8 1.22
46.2 4.20
- 27.5 15.0
21.3 33.0
B1 1496 37.9 5.3 100 1.00
92.0 1.16
29.4 11.1
15.3 45.0
12.6 79.4
C1 1286 37.2 5.5 100 1.00
91.2 1.17
26.8 9.88
21.1 19.1
18.1 40.0
El 639 36.6 6.0 100 1.00
73.9 1.82
40.5 5.84
24.5 17.5
i 20.7 28.5

e analyses, opinions or interpretations are based on observations and material supplied by the client to whom, and for whose exclusive and confidential
this re=~~rt is made. The interpretations or opinions expressed represent the best ;udgment of Corelaboratories, UK Ltd., (all errors and omissions excepted): but
Labo s, UK Lid., and its officers and employees. assume no responsibil'ly ang make no warranty or representations as to the productivity, proper operation,
ofitabt .5 of any oil, gas or other mineral wetl or sang 1N connaction with wnich such repcrt is used or relied upon.
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Petroleum Reservoir Engineering
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File_ UKSCAL 7964

AIR PERMEABILITY DATA

Mean Differential ) .
Sample Number Pressure (Bars) Air Permeability MD

1040
970
920
880

Bl

it e d d
« s e s
IR — =2
—_— Py N -t

cr 1.09 760
' - 1.16 . 700

- - 1.23 ‘ 670
- 1.30 , 620

D1 ' 1.08 670
: 1.15 : 610

1.23 . 520

1.30 480

E1 1.08 620
: 1.15 570

1.22 I 540

1.30 520

‘3e analyses, opinions _or interpretations are based on observations and material supplied by the client to whom. and for whose exclusive and confidential
. this report 1s made. The :nterpretations of opinic~s exoressed represent the best jucgment of Core Laboratories., UK Ltd., (ail errors and omissions excepted): but
e Labco--*nries, UK L'd., and its officers and employees, assume no responsituhity and maxe no warranty or representations as to the productivity, proper cperation,

crofita ss of any ou gas or other minerai weil ¢r sand .n caonnection weth which sucn report is used or relied upon. B
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Petroleum Reservoir Engineering
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Page 15 of S3

_File: UKSCAL 7964

GAS-OIL RELATIVE PERMEABILITY DATA

Sample Number: €3 Initial Water Saturation
Per Cent Pore Space: 11.3

“Air Permeability, Md: 1500

37.1

0i1 Permeability with Porosity, Per Cent:
Initial Water Present,Md: 1170

- Liquid Saturation Gas-0il Relative Relative Permeability Relative Permeability

Per Cent Pore Space Permeability Ratio To Gas*, Fraction To 0i1*, Fraction

100.0 .000 .000 1.000
90.4 012 .0067 .550
87.2 .031 .014 .452
84.1 .063 .023 .364
80.9 L1170 .032 .288
77.9 171 .041 _ .240
72.8 .388 .062 .160
68.2 .884 .091 .102
66.1 1.25 .109 .087
61.2 2.89 .133 .046

_ 58.5 5.17 .160 .031
55.7 9.14 .192 .021
51.7 20.3 .242 .012
48,2 43.2 .289 .0067

* Relative to 0i1 Permability

je an»''ses, opinions_ or .nterpretations are based on observations and material supplied by the client to whom, and for whose exclusive and confidantial
this rt s made. The interpretations or opinions expressed represent the best judgment of CorelLanaratories, UK Ltd., (ail errors and omussians excepted}: but
r Labc  ries, UK Ltd., and its ofticers and amployees. assume no responsibility and make no warranty or representations 8s (0 the productivity, proper operation,
rofitableness of any o1, gas or other mineral well or sand in connection with whicn sucn report is used or retied upon. To-
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File: UKSCAL-7964

GAS-OIL RELATIVE PERMEABILITY DATA

Sample Number: B3 Initial Water Saturation
Per Cent Pore Space: 13.3

Air Permeability, Md: 1830

0i1 Permeability with Porosity, Per Cent: 39.2
Initial Water Present,Md: 996

~_Liquid Saturation Gas-0i1 Relative Relative Permeability Relative Permeability

Jer Cent Pore Space Permeability Ratio To Gas*, Fraction To 0il*, Fraction
100.0 .000 ’ .000 1.000
93.1 .014 .0098 .702
89.2 .036 .020 .560
86.0 .069 .031 - .449
83.3 Jd12 .042 .377
76.9 .307 075 .243
73.5 .522 .095 ' .182
67.3 1.49 .151 .101
63.2 3.23 .200 ' .062
60.1 5.43 .239 .044
57.7 8.75 .280 .032
- 52.9 23.8 .380 .016
’ 50.3 41.5 .447 o .on

*Relative to Qi1 Permeability

2 analyses, opinions_or interpretations are based on observations and materal suoplied by the client to whom, and for whose exciusive and confidentiai

s re is made. The interpretations Of oDinions expressed represent the best judgment of CorelLaboratories, UK Lid., (ali errors and omissions excapted): dut
Labora s. UK Ltd., and its officers and empfoyees. assume no responsibil.ly and make no warranty or representations as to the productivity, prcper operation,
otitapleness of any oil, gas or other mineral well or sand in connaction with which such reoort is used or relied upon. S
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File: UKSCAL-7964

GAS-OIL RELATIVE PERMEABILITY DATA

Sample Number: D3 Initial Water Saturation
Per Cent Pore Space:

Air Permeability, Md: 1430

0i1 Permeability with ' Porosity, Per Cent:
Initial Water Present,Md: 902 :

38.8

Liquid Saturation Gas-0i1 Relative Relative Permeability Relative Permeability

— Per Cent Pore Space Permeability Ratio To Gas*, Fraction To 0il*, Fraction
100.0 .000 ' .000 1.000
89.7 .021 011 ' .520
85.2 .055 _ .021 .380
83.0 .080 .026 .320
79.0 L1571 .036 238
76.0 .244 .047 191
73.8 .347 .056 ' .164
70.1 .599 .072 .120
66.0 1.18 .097 .082
60.4 2.74 131 .048
56.2 5.62 .159 .028
. 52.5 10.9 .189 .017 s
48.2 24.4 .220 , .0090
44.2 57.5 .247 .0043

* Relative to 0i1 Permeability.

ie analyses, opinions or interpretat.ons are based on observations and material supplied by the client to whom, and for. whosa exclusive and confideatial

‘his report is made. The interpretations or opinions expressed represent the best judgment of Corelaboratonies, UX Lid.. {all errors and omissions excepted): but
> Labor-  nes, UK Ltd., and its ofticers and employees. assume no responsibilily and make no warranty of representations as to the productivity, propar operation,
rofitab s of any oM. gas or other mineral wetl or sand 1n connection with which such report is used or relied upon. -



CORE LABORATORIES UK LTD.

Petroleum Reservoir Engineering
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_File: UKSCAL-7964

GAS-0IL RELATIVE PERMEABILITY DATA

Sample Number: £3 Initial Water Saturation
Per Cent Pore Space:

Air Permeability, Md: 498

0i1 Permeability with ' Porosity, Per Cent:
Initial Water Present,Md:_344

. Liquid Saturation Gas-0i1 Relative Relative Permeability Relative Permeability

Per Cent Pore Space Permeability Ratio To Gas*, Fraction To 0il*, Fraction

100.0 .000 .000 1.000
93.8 .019 011 .593
90.2 .048 .021 .440
87.4 091 .032 ©.350
84,1 .183 .048 .262
79.7 .387 .072 ) .187
76.7 .667 .094 147
73.0 1.23 JA17 .nge
70.1 2.01 .146 .072
66.4 4.01 .183 .046

) 63.1 7.77 | .228 .029 ;
58.7 19.6 .282 .014 |
55.8 37.2 .320 ' .0086

53.0 82.3 374 .0046

* Relative to 0i1 Permeability.

;9@ analyses, opinions_or interpretations are based on observations and material supplied by the client to whom, and for whose exciusive and confidential
. ths nt is made. The interpretations or opinions exoressed represent the best judgment of CoreLaboratories, UK Lid., (al!l errors and omissions excepted): but
e Lab ries, UK Ltd., and its officars and empioyees. assume no responsibiily and make no warranty or representations as to the productivity, proper obscation.
orofitab - ..<¢ss of any Qu, gas aor ather muneral wetl or sand in connaction with which such raport is used or relied upon. ‘e -
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Petroleum Reservoir Engineering

File: UKSCAL 7964

LONDON-ABERDEEN
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File:  UKSCAL 7964

SUMMARY‘OF WATERFLOOD TEST RESULTS

RESERVOIR CORDITIONS
Initial Conditions ~ Terminal Conditions
Water 01l

Alr | Satinration o Salturation Water 0i) Recovered
Sample Permeability Parosity Per Cent Permeabilily Per Cent Permeability  Per Cent Per Cent
Number — Millidarcys =~ Per Cent  Pore Space  Millidarcys =~ Porz Space Millidarcys = Pore Space  0Qil in P
g5 1490 38.4 18.2 187 _ 21.5 120 60.3 73.7
D5 1780 34.5 | 16.8 179 45 .5 112 37.7 45.3
C5 1230 36.5 13.9 16 ‘ 44.7 11 11.4 48.1
ES 64 27.9 19.3 5.9 3.9 , 1.5 44.8 55.6
Thess snalyses, opinions of inlorpretnlions are besoi on obaoivalions and malorlal suppliod by the cliont to whom, and for whoso exclusive and "‘. tal
‘é(:o ’i‘.!i..i‘.?&';‘m'? mads. Tho lulaipralatlans or opIns B o0 IOy o aoks Ho” warranty Or ruproseatations ‘2 10 the ‘proguemiin.” promes oo,

‘or profitabloness ol a}\y oif, gos r other mineral wall or sand In connection with which such roport s used or 1etlod upon,

.
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File: UKSCAL 7964

WATERFLOOD SUSCEPTIBILITY DATA

Sample Number: BS . Reservoir Conditions Initial Water
Per Cent Pore Space:__ 18.2

Permeability to Air, Md: 1490

N o Porosity, Per Cent: 38.4
?ﬁ:??g?]&;§Zrtgr2;;n¥1t3d: before ageing 385, after ageing 187 ‘
Cunmulative 0il  Average 0il Average
Water Input Recovery, Per Cent Recovery, *Per Cent Water Cut**
Pare Volumes Pore Space Pore Space Per Cent
.466 46.6%** | - -
862 | 51.0 o | 48.8 88.41
1.10 ' 51.5 51.3 94.81
2.07 53.0 52.4 98.48
2.82 ' 53.9 ' 53.6 99.23
3.88 55.0 54.4 99.32
5.31 55.9 - 55.5 99.40
7.94 57.0 , 56.5 99.60
13.1 159.4 | 58.2 99.79
18.4 - ‘ 60.5 o | ~60.0 99.87
28.8 o | 61.1 - | 60.8 99.94
3 99.99

39.2 o 61.4 _ 61.
* Calculated for mid-point of incremental through-put -
r&  Calculated from incremental through-put volumes
Ahk o Bpeak through recovery
Thesy  unslysoy, opinions  or Intusprelulions ure vosed on obuuivations  snd waluful suppliod by the client 1o whom, and for whoso ive and tdanlial
usw, this goport ls mude. The inl (Ml or opinl oxprogsud ¢ t o bust Judgmont of Gute Laboratoddus, UK Lid., (all vrro1s und omisslons oxceplud); bul

» | P
Cuiv Leburutonius, UK 114, and hs ulficess und employous, udsume nu fusponsibilily and make 1o waiisnly of jupiesontations 4s (o the productivil ropur operation
or profitublenuss of any OI‘. gus or other mmo(nl wull of sand In connuction with which suchiteport ts used of soliod upon. s ¥, prop 4 on,
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File: UKSCAL 7964

WATERFLOOD SUSCEPTIBILITY DATA

Sample Number: D5 RESERVOIR CONDITIONS Initial Water
_ Per Cent Pore Space: 16.8
Permeability to Air, Md: 1780 _
Porosity, Per Cent: 34.5
Permeability to 0i] with o
Initial Water Present, Md: before ageing 726, after ageing 179
: Cummulative 0i1 Average 0il Average
Water Input Recovery, Per Cent Recovery, *Per Cent Water Cut**
Pore Volumes Pore Space ‘ Pore Space Per Cent
.162 16 . 2%*%* _ | - -
.960 22.4 19.3 92.25
2.35 26.0 ’ v 24.2 97.42
5.39 _ 30.3 28.2 98.59
12.0 ‘ 32.7 A 31.5 99.63
24.6 : » 34.8 : 33.8 99.82
49.1 - 37.0 ‘ 35.9 99.91
73.7 : : 37.5 : 37.3 99.98
122 37.7 ' ‘ 37.6 99.99
*  Calculated for mid-point of incremental through-put
**  Calculated from incremental through-put volumes
**%  Break through recovery
Thoso analysos, oplalons  or h!nlorpmlnllonso'mo nb:::d“oc'\o’:‘l;uo::nzl‘gl:‘sn nn‘:‘l r)v:'t;lov::l :‘l‘l":.pll‘.od zrolh: t(:’l'l‘c‘u‘\)l’l& wvhom, nndﬂlo:':o‘:’t'\:s:n -oz:\ "; and conlid ] tal
é’o':'o llnn';o'v:?:t?os‘: \;n)(nt‘l‘&.nt:?\ g:‘g;ﬁ:::i::{':nd op! : : ?m :p § ‘It::luy‘ an:llnl\‘gko |:o 'wgnam:; :v u:pv:)se'nl‘ia’l‘l:::‘s"‘ag ‘:o the pro:ucllvll:YE ?’:o;:‘;og:,’d');“g:,

Lol hdall
or profitableness of any ol‘. gas or other mineral wall or sand In connoclion with which such repost §s used or retied upon,
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File: UKSCAL 7964

WATERFLOOD SUSCEPTIBILITY DATA

c5 Reservoir Conditions

Sample Number: Initial Water

Per Cent Pore Space: 13.9

Permeability to Air, Md: 1280

‘ . _ Porosity, Per Cent: 36.5
?ﬁ?@?z?'&;Egrtgrgglnzltnd: before ageing 105, after ageing 16
Cummulative 0il Average 0il Average
Water Input Recovery, Per Cent Recovery, *Per Cent Water Cut**
Pore Volumes Pore Space Pore Space Per Cent
.360 36.0%** - -
.599 37.6 37.2 97.11
.961 39.2 38.4 98.82
1.22 39.9 39.6 99.08
2.89 4.5 40.7 99.82
5.80 41.8 41.7 99.85
8.73 42.1 42.0 99.89
14.5 42.3 42.2 99.98
20.3 , : 42,7 42.5 99.99

* Calculated for mid-point of incremental through-put
Ax Calculated from incremental through-put voluuwes
*AA Break through recovery
’ bus [F . ,
T Ly Inbunratutions o aplalons 0xpruzvud toprosenl e bost Hidumun of Coro § aboratories, UK Lid.o (ull strors snd oissions axcemmy. et

or up
Coru Lubwintories, UK LD, and e ollicurs and omployouy, nisuime no responaibliily snd mube nu warunly of rupiusontutions us to the productivity, piuper operation,
uf profitubloposs ol eny ol’. gut of othur minorgl wull ur wund lo connuciion with which such repott Is used or rellod voon.
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File: UKSCAL 7964

WATERFLOOD SUSCEPTIBILITY DATA

Reservoir Conditions

Sample Number: E5 , Initial Water
’ Per Cent Pore Space: 19.3
Permeability to Air, Md: 64
» Porosity, Per Cent: 27.9
Permeability to 011 with i
Initial Water Present, Md:  Before Ageiny 5.9, After Ageing 5.9
Cummulative 0il Average 0il Average
Water Input _ Recovery, Per Cent Recovery, *Per Cent Water Cut**
Pore Volumes Pore Space Pore Space Per Cent
.296 - 29.6 xx* - -
.378 31.8 30.7 64.95
.521 34.5 33.2 80.84
1.01 37.6 36.1 93.70
1.51 39.0 38.3 97.08
2.49 41.2 40.1 98.74
3.43 42.4 41.8 99.31
5.67 43.3 42.9 99.62
10.04 ’ 44,5 43.9 99.73
18.68 o 44.7 44.6 99.97
27.30 ' 44.8 44.8 99.99

* Calculated for mid-point of incremental through-put
**  Calculated from incremental through-put volumes
**%  Break through recovery '

Those analyses, opinions or interpratations are hesed on obsorvailons and matorlal suppllod by lhe client to whom, and for whose exclusive and fidential
use, this report Is made. Tho ‘~lorprelations or opinions exprossod reprosent tha best Judgmonl of Coru Laboralorles, UK LId., (alt errots and omisslons excopled); but
Core Laboratories, UK Lid., an is olticess and omployoos, asaume no rosponsibility and make no warranty or represoniations as to the produclivity, proper operation,
of prolilableness of any ol‘. gas or other minera) woll or sand In connection with which such report is usad or relled upon,

-
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LONDON-ABERDEEN
Comrany STATOIL Formation
Well 34/10-4 Country. NORTH_SEA
ield NORWAY
SAMPLE NUMBER: B5
OIL PERMEABILITY MD: 187
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Petroleum Reservowr Engineering Filo ~wzoz- 7964
LONDON-ABERDEEN
Company STATOIL Formation
Well 34/10-4 Country NORTH SEA
Field NORWAY
SAMPLE NUMBER D5
QIL PERMEABILITY, MD 179
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Perroleum Reservoir Engineering File :xsca: 7964

LONDON-ABERDEEN

Company STATOIL Formation
Well 34/] 0-4 Countfy NQRTH SEA
Field NORWAY
SAMPLE NUMBER:C5
OIL PERMEABILITY MD: 16
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Petroleurm Reservoir Engineening File wxscar 7964
LONDON: ABERDEEN
Company STATOIL Formation -
Wel! 34/10-4 Country NORTH SEA
Field NORWAY
Sample Number: ES
0i1 Permeability, MD: 5.9
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_File

WATER-OIL RELATIVE PERMEABILITY DATA

Sample Number: 85 , Initial Water Saturation 18.2
4 Per Cent Pore Space: .
Air Permeability, Md: 1490
0i1 Permeability with Porosity, Per Cent:  “o-*
Initial Water Present, Md: 187
Water Saturation Water-0il Relative Relative Permeability Relative Permeability

> epr Cent Pore Space Permeability Ratio To Vater*, “raction To 0il*, Fraction

18.2 .000 | .000 1.000

56.8 3.92 243 .062

60.8 8.08 315 .039

65.1 19.0 400 ' .02

68.1 41.8 .460 N

69.2 55.8 | .480 | .0086

69.5 61.3 .490 .0080

69.€ 64.0 499 .0078

70.9 9.4 .51 .0053

72.4 162 552 0034

73.7 252 579 © L0023 ?
- 75.2 434 608 .0014 ’

77.1 1172 621 . .00053

78.5 ‘

- .642 .00000

* Relative to 011 Permeability

ise ar as, opinions or interpretations are based on observations and material syzplied by the client t5 whom, and for whose exclusive and confidentisi
., thus 1 1s mace. The interpratations or opinions expressed represent the best judgmaent of Corelaboratcries, UK Ltd.. {all errors and omissions sxcested): but
‘e Laborasarres. UK Ltd., and its officers and employees. assume no respons:bilily and maxe no wairanty ¢r represenialions a8s (o the productivity, proper oceration,
arofitadleness of ary oil, gas or other minerat well or sand in connechion with wnich such report s used or relied upon.
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.File: UKSCAL 7964

WATER-QIL RELATIVE PERMEABILITY DATA

Sample Number: L5 Tnitial Water Saturation

) Per Cent Pore Space: ~ 16.8
Air Permeability, Md: 1780
0i1 Permeability with | Porosity, Per Cent: 34.5

Initial Water Present, Md: 179

Water Saturation Water-0i1 Relative Relative Permeability Relative Permeability
I Cent Pore Space Permezbility Rato To Water*, Fraction To Qil*, Fraction

16.8 .000 .000 1.000
38.2 3.63 .218 .060
33.3 3.83 .222 . .058
41.2 12.5 .301 . .024
47.2 137 .465 .0034
49.1 293 .498 : .0017
50.5 586 .539 .60092
53.3 3005 .601 .00020
54.4 41200 .618 .000015
54.5 - ‘ .623 .000000
* Relative to 0il Permeability
inalysc apinians or intarpretations are Sased 4an soservations 3nd Talertal sydplied by ‘he client to whom, and for whose exclusive and czonfdential

s repor. .. made. The interorelauons or opinions excressed recresent Ine dest judgment c! CorelLaporatornes, UK Lid., (st} arrors and omissions excepted): dut
yaratorres. UK Lid., and its oficers and empioyees, assume NG 72S00NS:Oiily 1nd MAake G warranly Of reoreaseniations as 10 e produchivity, Zroter operation,
\0ieness af any gil, J&3 Or Other Minerai weil or sanc -n conn=ci.on Wit ATICD SUCR Te207t s Jsed Cf rehel voon,
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WATER-OIL RELATIVE PERMEABILITY DATA

Sample Number: %) Initial Water Saturation
Per Cent Pore Space: 13.9
Air Permeability, Md: 1280
Qi1 Permeability with Porosity, Per Cent: - 36.5
Initial Water Present, Md: 16
“ater Saturation Water-0i1 Relative Relative Permeability Relative Permeability

. ir Cent Pore Space Permeability Ritic To Water*, Fraction To Ni1*, Fractior.

13.9 .000 .000 1.000
33.8 .437 .066 .151
46.5 10.3 .279 .027
49.7 30.8 .370 012
50.4 43.2 .397 - .0092
51.4 77.6 .450 .0058
52.2 100 .500 .0050
54.2 546 .601 .o0m
54.6 849 .603 .00071
55.0 1605 .642 .00040
3

. 55, - - .660 .00000

* Relative to 0il Permeability

ara . opinions or interpratations are base¢ on observations and material sypplied by the client to whom, and for whose exclusive and confidential
n:8 re. . :3 mace. Tha interpretations Or oDiNions excressed represent the best judgment of CorelLavoratones, UK Lid., (ail errors and omissions axcemoﬂ);'but
.aborator:es, UK L1d., and its oticers and employees assume 5o responsidilily and maxe no warranty or reoresentations as to the productivity, proper operation,
fitableness of gny o, gas or other mineral well or saad 1a connechign with which such report is used or relied upon.
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File: UKSCAL 7964

WATER-QIL RELATIVE PERMEABILITY DATA

Sample Number: £5 Initial Water Saturation
Per Cant Pore Space: 19.3
Air Permeability, Md: 64 , : i )
0i1 Permeability with ‘ Porosity, Per Cent: 27.3
Initial Water Present, Md: 5.9 |
Water Saturation Water-0il Relative Relative Permeability Relative Permeability
’qu Cent Pore Soace Permeability Ratfo To Water*, rFraction T Qil*, Fraction
19.3 .000 .000 1.000
41.8 .887 .055 .062
43.2 1.20 .060 .050
47.3 3.42 .082 ©o.024
52.9 14.3 .126 .0088
55.4 28.3 .150 .0053
57.3 57.9 .168 .0029
57.8 63.8 172 .0025
58.5 83.2 .183 .0022
60.5 165 .198 .0012
.62'7 575 .230 .00040 i
- 64.1 - .250 .00000
* Relative to 0i1 Permeability
Y NS O e avatons of aoinans. Txorassed rearesent g Tl o O o e e eoneaians excogrod) oot

1507210, w4, UK Li3.. and 1ts officers and emolovees, assume nQ 2S00NSiiliY and mase N0 warranly of represantations as 10 e productivify, 3rocer aperaticn,
:apleness a! any otl, sas or other "nerai wetl o1 sang n connecl,on with #NICh SUCH report s Ysed Of reited upan,
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Water Saturation, Per Cent Pore Space
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{ ONDON-ABERDEEN

Company STATOIL Formation
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Water Saturation, Per Cent Pore Space
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Petroleum Reservoir Engineening File uyxscar 7964
LONDON -ABERDEEN

Company___STATOIL Formation
Well 34/10-4 Country NORTH SEA
Field MORWAY
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LONDON-ABERDEEN

STATOIL Formation
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LONDON-ABERDEEN

Company STATOIL Formation
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File: UKSCAL 7964

| Water Permeability Data

Sample Room Conditions ‘ Reservoir Pressure
Number . I 1
P | b l
13.6 Bars 51.0 Bars Room _ Reservoir
Qverburden Pressure Temperature Temperature

1050 1030 827 455
850 827 - 751 729
849 | 810 804 345
460 429 445 275

m O O oW
—_— ol et —a

analyse= apwmions  or interprataticns are Sased 20 J2serv3at one  1ng Tateral suadd’ied oy 'Ne client 1o whom, and for wnose axclusive 13 confzart 3l
S rep v maze. The .nlerpresations or oo:Nn.C~3 exgressad rec-e:1~t tha Test zcsrent of Corelasorataries. UK Lid.. /all errors and omissions exceztaT: nut
1corate UK _13.. ang .!s ofticars ang 2mcioyees, assuma nQ ' rs oil.ls a™3 maxe n0 warran’y ¢or reoresentations 3s !0 Me procductivity, ores®r e atin
labieness 2t 3ny 01, 513 ar Qther miner3l weil ©r 33and A cornect S N 4MICY 3UCH radort 15 used or relizd upon.
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SUMMARY QOF FRESH-STATE IMBIBITION AND DYNAMIC DISPLACEMENT
(AMOTT METHOD)

Initial Fluid Imbibed is 0i}

Sample Number: : A3 B3 - C3 D3 E3
Depth, Metres: , 1836.09 1867.25° -1869.20 1879.85  1889.40
Air Permeability, Md: 2100 1830 1500 1430 498
Porosity, Per Cent: 39.7 39.2 37.1 38.8 36.5
Immobile Water Saturation,*
- Per Cent Pare Space: 39.0 42.4 48.3 38.0 29.7
. 0i1 Permeability, Md.
At Immobile Water Saturation: 882 955 629 - 689 140
Water Imbibed Statically, : ' ‘ '
Per Cent Pore Space: N 18.9 12.9 1.0 14.1 4.8
Water Imbibed Dynamically, .
Per Cent Pore Space: 34,1 34.7 37.6 38,7 43,1
Total Water Imbibed, | | |
Per Cent Pore Space: ' 53.0  47.6 48.6 52.8 48.9
Immobile 011 Saturation,** o : :
Per Cent Pore Space: 11.5 14.8 10.5 14.2 32.6
Water Permeability, Md. v
At Immobile Qi1 Saturation: 343 261 202 - 234 66
0i1 Imbibed Statically,
Per Cent Pore Space: 3.7 4.0 5.2 4.8 6.2
. 0i1 Imbibed Dynamically, ‘ '
- Per Cent Pore Space: 45.9 38.8 36.0 43.0 31.5
Total 0i1 Imbibed, -
Per Cent Pore Space: ' 49.6 42.8 _41.2 47.8  37.7
Wettability Index to Water: 0.357 0.271 .~ 0.226 - 0.267  0.098
Wettability Index to 0il: - 0.075  0.093  0.126  0.100 = 0.164

*  Water present just prior to water imbibition
** Qi1 present just prior to oil imbibition

Fluid Imbibed Statically
Total Fluid Imbibed

Wettability Index =

se  inalyses, ooinions or interpretations are based on observations and matenai supplied by the client to wnom, and ‘or wnose exciusive 3ng conficential
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ROCK COMPRESSIBILITY DATA

Sample Initial Effective Pore
Number External Overburden Volume,cc
B2 (Rowmmety 361 13.6 20.40
34.0 20.33
68.0 20.20
102.0 20.06
136.1 19.90
170.1 19.72
204.1 19.51

(1) Measured in laboratory under hydrostatic Loading conditions.
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Bulk Porosity,
Volume,cc Per Cent
53.35 38.2
53.28 38.2
53.15 38.0
53.01 37.9
52.85 37.7
52.67 37.4
52.46 37.2

Compressibility,PV/PV/PSIX10~
2

NN

13.0
13.6
15.2
17.3
19.5
21.8

7.9
8.3
9.3
10.6
11.9
13.3

(2) Uniaxial loading conditions, transformed from hydrostatic data as per Teeuw, Dirk: “Prediction
of Formation Compaction from Laboratory Compressibility Data," Trans., AIME (1971) 251, 263-271.

Thoso analyses, opinions_or lnterpretalions are based on obsorvations and material supplled by the cllent to whom, and for whose exclusi

and fidential
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ROCK COMPRESSIBILITY DATA
Pressure, Bars

Sample Initial Effective Pore Bulk Porosity,
Number External Overburden Volume,cc Volume,cc Per Cent

D2 ( ey 361 13.6 13.37 35.24 37.9

34.0 13.26 35.13 37.8

68.0 13.15 35.02 37.5

102.0 13.02 34.89 37.3

136.1 12.87 34.74 37.0

170.1 12.71 34.58 36.8

2041 12.56 34.43 36.5

(1
(2

) Measured in laboratory under hydrostatic Loading conditions.
) Uniaxial loading conditions, transformed from hydrostatic data as per Teeuw, Dirk: "Prediction
of Formation Compaction from Laboratory Compressibility Data,” Trans., AIME (1971) 251, 263-271.
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Compressibility,PV/PY/PSIX10™

6

HON

21.8
17.6
21.6
24.7
24.3

22.5
>

{2)

13.3
10.7
13.2
15.1
14.8
13.7
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Core Lahoralories, UK Lid., and its officers and employees, assume no responsibllily and make no warranly or representations as to the productivity, proper operation,

or piofitablenass of any oll,_ gas or other-mineral well or eand In connection with which such seport is used or relied upon.
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ROCK_COMPRESSIBILITY DATA

Pressure,Bars

Sample Initial Effective Pore Bulk Porosity, Compressibih’ty,PV/PV/PSIX]O—6
Number External Overburden Volume,cc Volume,cc Per Cent (1) 2
C2 Runnock, 361 13.6 21.31 56 .34 137.8 - -
34.0 21.23 56.26 37.7 13.2 8.1
68.0 21.09 56.12 37.6 12.3 7.5
102.0 20.96 55.99 37.4 12.6 7.7
136.1 20.83 55.86 37.3 14.0 8.5
170.1 20.67 55.70 37.1 18.0 11.0
204.1 20.46 55.49 36.9 21.6 13.2
: i T~

(1) Measured in laboratory under hydrostatic Loading conditions.
(2) Uniaxial loading conditions, transformed from hydrostatic data as per Teeuw, Dirk: “"Prediction
of Formation Compaction from Laboratory Compressibility Data," Trans., AIME (1971) 251, 263-271.

Ini int elallon are buad on obsewa(lcna and malalial suppllad by tha client 10 whom, and for wh lusive and fidential
IQ;’“’,,,,‘,’"?;‘,’,’:,? is made, m%' int tations or opl expressed rep t the best } t of Core Laboratories, UK L1d., (all errors and omisslons excepled); but
Cote Labosetories, UK Lid., and is officers and em| no r ibllity and make no warranty or rep!esentauons "as to the produciivity, proper operauon

- or profitablenass of any oil, gas or othgr minerat well of sand In connection with which such report is used or relled upon. -



NN NS VIWVAIICED U\ LT L,
R Petroleum . .cservoir Engineering .
, N SR |
B LONDON—ABEREEEN . . )

Page 53 of 53

ROCK_COMPRESSIBILITY DATA

Pressure, Bars

Sample Initial Effective Pore Bulk Porosity, Com‘pressibih’ty,PV/PV/PSIX]O'6
Number External Overburden Volume,cc Volume,cc Per Cent (1) (2)
E2 (Roominacl,) 361 13.6 15.43 45.90 ‘33.6 - -
34.0 15.40 45.87 33.6 7.4 4.5
68.0 15.34 45.81 33.5 8.4 5.1
102.0 15,27 45.74 33.4 8.6 5.2
136.1 15.20 45.67 33.3 9.3 5.7
170.1 . 15,13 45.60 33.2 10.0 6.1
204.1 15.05 45.52 33.1 1.6 7.1
238.1 14.96 45.43 32.9 16.6 10.1
272.1 14.81 45.28 32.7 36.2 22.1

(1) Measured in laboratory under hydrostatic Loading conditions.
(2) Uniaxial loading conditions, transformed from hydrostatic data as per Teeuw, Dirk: "Prediction
of Formation Compaction from Laboratory Compressibility Data," Trans., AIME (1971) 251, 263-271.

. inions or intorprelations are based on ohsarvations and meterial suppilled by the cllent to whom, and for whose exclusive and confidential
323“:m:"?¢',’$?3 lsot‘:\:de. The in} ,p th or opini 6xp d represent the best judgment of Core Laboratorlos, UK Lid., (all errors and omissions excepled); but
Core Laboratorles, UK Lid., and Its officera and employ no responsibitity and make no warranly or reprosentations as to the productivity, proper operation,
or profilablenaess of any oll, gas or otnar mineral well or sand in connection with which such report Is used or retied upon,




	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

