SPECIAL CORE ANALYSIS STUDY
FOR
A/S NORSKE SHELL EXPL. AND PRO-
WELL: 31/2-2, 31/2-3



Directors:

e

JX

CORE LABORATORIES UK LTD.

75 GREENFIELD ROAD,

J. D. Wisenbaker  (USA) LONDON E1 1EJ Telephone: 01-377 9777
J. W. Barbour (USA)

J. S. Green {Managing) Telex: 8811086

W. B. P. O’Driscoll (Financial) .

M. Blackburn Cable: CORELABOR
JCR/hsb

A/S Norske Shell Exploration and Production
Damlse Ferusuei 43,

P.0. Box 10,

40-33 Forus,

Norway
September 1981

Attention: Mr Jolly

Subject: Special Core Analysis
Wells: 31/2-2, 31/2-3
File: UKSCAL 80087

Gentlemen,

In a telex dated 3rd November 198C, ref Foro 31109, from Mr Jolly of Norske
Shell Exploration and Production, Core Laboratories were requested to perform a
series of special core analysis measurements on samples from the subject wells.
The results of these measurements are presented herein and serve to confirm
previous preliminary data.

A total of nine full diameter samples from well 31/2-2 and six full diameter
samples from well 31/2-3 were received for use in this study.

The samples were drilled using kerosene as the bit lubricant, due to the friable
nature of the core a number of samples had to be mounted in thin metal sleeves.
This prevented Amott wettability and electrical resistivity measurements being
performed.
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The samples were cleaned in cool solvents, dried in an humidity controlled oven
and had air permeability and helium injection porosity measured. All samples
are described with respect to depth and lithology on pages 1 and 2 of this
report.

It has been a pleasure working with A/S Norske Shell Exploration and Production

on this study. Should you have any questions please do not hesitate to contact
us.

Yours faithfully,
CORE LABORATORIES UK LIMITED

Jon Roberts
Laboratory Manager
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Water-0i1 Relative Permeability Data (Page 31)

Three samples from well 31/2-2 and four samples from well 31/2-3 were scheduled
to undergo this analysis.

The samples that had previously undergone gas-oil relative permeability
measurements were restored under vacuum with the refined mineral oil, mounted in
an hydraulic core holder and flushed with this oil to ensure the removal of any
trapped gas. Effective permeability to the oil was then remeasured.

Sample number 1B from well 31/2-2 and samples numbered 10B, 11B and 15B from
well 31/2-3 collapsed prior to water-o0il relative permeability measurements.

The remaining three samples were flooded with simulated formation brine and
incremental production of oil and water recorded against time. The floods were
terminated at water-oil relative permeability ratios in excess of 100, and
effective permeability to the brine was then measured.

Water-o0il relative permeébi]ity data was calculated using a digital computer and
the floods are summarised on page 31 and are presented in tabular form on pages
32 through 34 and in graphical form on pages 35 through 40.
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File 311 80087

COMPANY: NORSKE SHELL EXPL AND PRO. FQORMATION:

WELL: 31/2-3 COUNTRY: NORWAY
FIELD:
IDENTIFICATION AND DESCRIPTION OF SAMPLES
Sample Depth
Number Metres Lithological Description
10A 1502.61 ss, 1t gy, m-cgr, pcmt, Fri, abd mic, arg mat, hzt
fract.
1CB 1502.66 ss, 1t gry, m-cgr, v.p. cmt, v fri, abd mic, arg
. mat, sample fractured :
11A 1554.24 As Above
11B 1554.29 As Above
12A 1585.51 ss, 1t gry, m-vegr, v.p. cmt, v fri, abd mic.
12B 1585.61 As Above
13A 1602.98 Ss, gry, vi-fgr, mod cmt, fri, arg
13B 1603.03 ss, gry, fgr, m-pcmt, fri, arg, mic, sample
fractured
14A 1525.13 As Above
14B 1525.18 As Above
15A 1574.69 As Above
15B 1574.74 As Above.

These analysaes, opinions_or Interpretations are based on observations and material supplied by the client to whom, and for whose exclusive and confidential
use, this report is made. The interpretations or opinions expressed represent the best judgment of Core Laboratories, UK Lid., (all errors and omissions excepted): but
Core Laboratories, UK Ltd., and its officers and employees, assume no responsibility and make no warranty or representations as to the productivity, proper operation,
or profitableness of any oii, gas or other mineral well or sand in connection with which such report Is used or relied upon,
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File: UKSCAL 80087
AIR-BRINE CAPILLARY PRESSURE DATA
I Pressure, PSI: 1 2 4 8 15 30 200
Sample Permeability Porosity
Number Millidarcys Per Cent Brine Saturation, Per Cent Pore Space
WELL: 31/2-2
7A 18830 35.0 11.4 10.1 8.5 7.9 7.2 6.3 4.3
2A 8440 30.8 79.5 66.9 44.1 25.3 21.1 15.8 10.6
6A 6550 36.8 42.7 34,2 23.5 12.3 9.6 7.0 5.1
4A 4460 40.3 71.6 50.1 30.6 17.6 13.5 11.4 6.8
1A 1760 33.4 96.9 68.7 43.9 17.3 9.8 9.1 1.4
. 3A 174 26.9 100 97.3 85.1 75.4 68.4 62.1 38.8
Well: 31/2-3
10A 5150 36.6 58.7 31.0 24.0 19.7 18.1 17.3 17.2
12A 4020 37.2 84.2 59.3 40.4 s$2.9 23.6 13.3 6.6
13A 136 30.5 84,8 82.7 79.8 76.7 71.8 66.2 37.4

These analyses, opinions_or Interpretations are based on observations and material supplied by the client to whom, and for whose exclusive and confidential
use, this report is made. The interpretations or opinions expressed represent the best judgment of CorelLaboratories, UK Ltd., (all errors and omissions excepted): but
Core Laboratories, UK Ltd., and its officers and employees, assume no responsibility and make no warranty or representations as to the productivity, proper operation,

or profitableness of any oil, gas or other mineral well or sand in connection with which such report is used or relied upon.
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Petroleum Reservoir Engineering File uxscat 311 80087

LONDON- ABERDEEN

Company NORSKE SHELL EXPL. AND PROD.  Formation

Field

Sample Number: 7A
Air Permeability, MD: 18,830
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CORE LABORATORIES, UKLTD.
Petroleum Reservoir Engineering
LONDON-ABERDEEN

Formation
Country.

NORSKE SHELL EXPL. AND PROD.

31/2-2

Company

Well

NORWAY

Field

2A

Sample Number

8440

Air Permeability, MD
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CORE LABORATORIES, UKLTD.
Petroleum Reservoir Engineering
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Formation
Country

Company__NORSKE SHELL EXPL. AND PRQD.

NORWAY

31/2-2

Well

Field

6A

Sample Number

6500

Air Permeability, MD
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LONDON-ABERDEEN

Company___NORSKE SHELL EXPL. AND PROD.  Formation

Well 31/2-2 ___ Country_____NORWAY

Field

Sample Number: 4A
Air Permeability, MD: 4460
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LONDON-ABERDEEN

Company__ NORSKE SHELL EXPL. AND PROD. _ Formation

Well 31 /2-2 Coun’(ry NORWAY

Field

Sample Number: 1A
Air Permeability, MD: 1760
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Petroleum Reservoir Engineering File uxscal 311 80087

EXPL. AND PROD.

Well 31/2-2

Formation

Field

Country. NORWAY

Sample Number:

Air Permeability, MD:
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Petrolc_eum Reservoir Engineering File ukscat 3171 80087
LONDON-ABERDEEN

Company__NORSKE SHELL EXPL. AND PROD. _ Formation
Well 31/2<3 Country NORWAY
Field

Sample Number: 10A

Air Permeability, MD: 5150
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Formation
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NORSKE SHELL EXPL. AND PRQOD.
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Formation
Country.

Company_NORSKE SHELL EXPL. AND PROD.

NORWAY

31/2-3

Well

Field

13A

Sample Number

136

Air Permeability, MD
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o Page 13 of 40
File: UKSCAL 80087

GAS-OIL RELATIVE PERMEABILITY DATA

Sample Number: 18 Initial Water Saturation
Per Cent Pore Space: 12.5
Air Permeability, Md: 7420
Oi! ?enneability with - 2970 Porosity, Per Cent: 40.3
Initial Water Present,Md:
Liquid Saturation Gas-0i1 Relative Relative Permeability Relative Permzability
Per Cent Pgre Space Permeability Ratic To Gas*™, Fraction To Cit*, Fraction
100 ’ .000 .000 1.000
90.9 .260 122 .470
. 88.5 .570 .151 .265
86.5 .886 173 .196
81.9 2.07 .222 .107
78.3 4.19 .260 .062
75.9 6.83 .287 .042
72.8 12.8 313 .024
69.5 29.4 .349 .012
65.8 98.8 .384 .0040

* Relative to 0il Permeability

N=se snalyses, opinions_ or interpretations are Based on observations and material supolied by the client to whom, and for whose exclusive and confidential
ve. Dis report is made. The interpretations or opinions expressed reoresent the dest judgment of Coreladoratories, UK Lid., {all errors and omussions axceplecd); du!
o> Laboratories, UX L:d., and its ofticers and smoloyses, assuma ng responsibilily and make no warranty or rscrasentations as 10 the -roductivily, procper oderation,
Sr=ftadlenass of any oil, gas or other mineral well or sand in connection with which such report is used ar relied ypon.,
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. Page 14 of 0

File: UKSCAL 80087

GAS-QIL RELATIVE PERMEABILITY DATA

Sample Number: 2B Initial Water Saturation
‘Per Cent Pore Space: 18.6
Air Permeability, Md: 930 '
0i1 Permeability with Porosity, Per Cent: 39.4
Initial Water Present,Md: 800
Liquid Saturation Gas-0i1 Relative Relative Permeability Relative Permesadiiity
Per Cent Pcre Space Permeability Ratic To Gas*, Fraction To Cit*, Frzcticn
100 .000 .000 1.000
89.4 .363 .107 .295
‘ '87.8 672 .158 .235
86.8 .89%4 .183 .205
84.0 1.93 .268 .139
81.6 3.52 .342 .097
79.3 6.26 .423 .068
77.3 10.2 .493 .048
75.1 19.0 ' .575 .031
72.7 38.3 .657 .017

* Relative to 0i1 Permeability

Th=se analysss, opinions or interpretations are based on observations and material supplied by the client to whom, and for whose exclusive anc confizentiai
t~e. Dis report is made. The intsrpretations or opinions expressed represent the best judgment of CorelLadoratories, UK Lid., (2!l ertors and om.ssicns 2xcestsd): Sut
~o~e Laboratories, UK Lid., and its officers and smployees, assume no responsibility and make no warranty or

. A representations as 10 the proguclivity, oreder Soeralicn,
r >-ctiableness of sny oil, gas or other mineral well or sand In connaction with which such reoort it used ar_raliad_nman -




CORE LABORATORIES UK LTD.

Petroleum Reservoir Engineering
LONDON—ABERDEEN

GAS-0IL RELATIVE PERMEABILITY DATA

Sample Number: 108

Air Permeability, Md: 8760

011 Permeability with -
Initial Water Present,Md: 5360

Liquid Saturation Gas-0i1 Relative

Page

15 ot

40

File:

UKSCAL 80087

Initial Water Saturztion
Per Cent Pore Space: 9.5

Porosity, Per Cent: 28.2

Relative Permeability Relative Permeability
Per Cent Pore Space Permeability Ratic To Gas™, Fraction 70 Cii*™, Fraction
100 .000 .000 1.000
98.8 .072 .066 .910
97.6 .093 071 .763
‘ 94.7 . 149 .078 .522
92.9 .202 .085 .420
90.8 .281 .091 .324
86.5 .538 .106 .196
81.8 1.16 124 A0
78.3 2.28 .138 .057
75.1 4.93 .149 .029
71.9 13.3 .165 .012
69.1 86.4 .178 .0021
* Relative to 0il1 Permeability
®
~ese analyses, odinions or interpretations are based on observations and material supdiied by the client 'o whom, and for whose sxciusive and confizenta,

2. ihis report is made. The interpretations or ooinions expressed represent the best judgment of Corelanoratories, UK Lid., (ail errors ang omissions axcectec): =t
= Laboratories, UK Ltd., snd its officers and employees, assume no responsibility and maka no warranty or representations as 10 the procuctvily, SrSder soeral.ow,

.¢fitableness of any oii, gas or other mineral well or sand in connaction with wnich such regort is used or relied upon.




CORE LABORATORIES UK LTD.

Petroleum Reservoir Engineering
LONDON—ABERDEEN

GAS-OIL RELATIVE PERMEABILITY DATA

Sample Number: 12B:

Air Permeability, Md: 1110

0i1 Permeability with
Initial Water Present,Md: 1060

Liquid Saturation Gas-0i1 Relative
Per Cent Pore Space Permeability Ratic

16 o7 40

UKSCAL 80087

Initial Water Saturaticn
Per Cent Pore Space: 23.2

Porosity, Per Cent: 36.7

Relative Permeability Relativa Pe:

To Gas*, Frac=zion

rm
- T % T
70 Cit*, Frac

2ab
*io

ility
n

100 ' .000
94. .082
‘ 92. .154
90. 277
87. .693
85. .15
80. 3.76
77. 5.81
15.6

74.
7. 49.5

W 00 N O O w 0 N o
—

* Relative to 0i1 Permeability

ie,

.000
.038
.053
.070
.106
124
.164
.184
.203
.223

1.000
464
.345
.255
.154
.108
.044
.027
.013
.0045

"Sese analyses, oopinions_or interpretations are based on observations and material supolied by the client to whom, and for whese exciusive ang csonfizenta:
this report is made. The intarpretations or qpinions expressed represent the best judgment of Coraladoraitcries, UK Lid., (all arrors and orississs axceciez): sut

ce Laboratories, UK Ltd., and ils officers and employees, assume no responsiDilily and make no warranty or feoresentations as to the Srocuctivity, =r2per Coeralza

tofitableness of any oOil, gas or other mineral well or sand in connection with which such report is usec or relie¢ upon.



CORE LABORATORIES UK LTD.

Petroleum Reservoir Engineering
LONDON—ABERDEEN

Page

17 40
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0

File:

UKSCAL 80087

GAS-OIL RELATIVE PERMEABILITY DATA

Sample Number: 158 Initial Water Saturation
Per Cent Pore Space: 22.5
Air Permeability, Md: 19
0i1 Permeability with Porosity, Per Cent:  26.0
Initial Water Present,Md: 8.3
Liquid Saturation Gas-0i1 Relative Relative Permeability Relative Permeability
Per Cent Pore Space Permeabilitfy Ratic To Gas™, Fraction To Cil*, Fraczion
100 .000 .000 1.000
89.9 .260 .063 .243
89.0 .357 .076 .213
87.2 ..686 .096 .140
86.6 .815 .103 127
85.4 1.15 117 .102
83.3 2.05 .136 .067
5c.2 .79 151 .C54
79.9 8.36 .174 .021
75.8 37.8 .204 .0054

* Relative to 0i1 Permeability

~ese analyses, opinions or interpretations are based on obsarvations and material supplied by the client ts whom, and for whese exclusive ang eonficental

+ ihis resport is mads. The interpratations or opinions expressed represent the best judgment of CoreLaboratories, UK Lid., (all errors and omussicrs exceciec): out
» Laboratories, UK L1d., and its officers and empioyses, assume no resconsibility and make nO warranty or rsoresentations as 10 the crocuclivity, SrSoer sferat s,
~fitableness of any oil, gas or other mineral well or sand in connection with which such reoorn is usec or relies upon.

254



CORE LABORATORIES UK LTD.

Petroleum Reservoir Engineering .
LONDON—ABERDEEN

® Page 18 o

File:  UKSCAL 80087 -

40

-4

GAS-OIL RELATIVE PERMEABILITY DATA

Sample Number: 118 4 Initial Water Saturation

. . Per Cent Pore Spacs: 29.3
Air Permeability, Md: 32
0i1 Permeability with | Porosity, Per Cent: 33.5

Initial Water Present,Md: 6.5

Ligquid Saturation Gas-0i1 Relative Relative Permeability Relative Psrmz2abilizy
Per Cent Pcre Space Permeability Ratic To Gas*, Fraction 7o Cin~, Fraczion
100 » .000 | .000 1.000
96.6 .031 .024 .780
95.7 .051 .036 .700
. 94.5 .081 .049 .614
93.6 122 .065 - .530
91.5 .303 .123 .407
89.0 .798 211 .264
87.8 1.13 .251 .223
84.9 2.67 .37 .139
82.3 5.18 .435 .084
79.6 11.4 .512 .045
77.1 26.9 . .608 .023
75.1 57.3 .699 .012
‘ * Relative to 0il1 Permeability
e rapont is “ade. Tne intarbratations. o oeiniane: exorasves reareeent 1na et hdamans B Cote b rocram el hom. and ! O upoe SCiise ang conisenia,

e Laboratories, UX Lid., and its officers and employees, assume no responsibility and maxe no warranty or representations as !0 ine Crocuclivity, 2rcder coerat.cn,
safitableness of any oil, gas or other mineral well or sand In 2ornection with which such refor is used or reiied upon. ’
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Petroleum Reservoir Engineering File vxecar_ 280087
LONDON-ABERDEEN

NORSKE SHELL EXPL. & PROD

Company Formation
Well 31/2-2 Country. NORWAY
Field
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OIL PERMEABILITY, MD: 2970
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Gas-0il Relative Permeability Ratio
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Liquid Saturation, Per Cent Pore Space

Gas-0il Pelative Permeability Ratio
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LONDON-ABERDEEN
Company NORSKE SHELL EXPL. & PROD Formation
Well 31/2-2 Country.___ NORWAY
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Petroleum Reservoir Engineering File ukscat

80087

LONDON-ABERDEEN

Company Formation
Well 31/2-2 Country____NORWAY
Field
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LONDON-ABERDEEN
Company__ NORSKE SHELL EXPL. & PROD Formation
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Petroleum Reservoir Engineering File ukscar 80087

LONDON-ABERDEEN

Company_NORSKE SHELL EXPL. AND PROD Formation

Well 31/2-3 Country, NORWAY

Liquid Saturation, Per Cent Pore Space

Gas-0il Relative Permeability Ratio
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Relative Permeability, Fraction

Petroleum Reservoir Engineering File ukscar 80087
LONDON-ABERDEEN
Company. NORSKF SHFIl FXPI . & PROD Formation
Well 31/2-3 Country_ NORWAY
Field
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Petroleum Reservoir Engineering File vkscar 80087

LONDON" -ABERDEEN

Company NORSKE SHELL EXPL, & PROD Formation

Well 31/2-3 Country NORWAY

Gas-0il Relative Permeability Ratio

Gas-0il Relative Permeability Ratio
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Petroleum Reservoir Engineering
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CORE LABORATORIES UK LTD.

Petroleum Reservoir Engineering
LONDON—ABERDEEN

‘ Page 32 of 40

"File: UKSCAL 80087

WATER-OIL RELATIVE PERMEABILITY DATA

Sample Number: 2B Initial Water Saturation

Per Cent Pore Space: 18.6
Air Permeability, Md: 930
0i1 Permeability with Porosity, Per Cent: 39.4

Initial Water Present, Md: 800

Water Saturation Water-0il Relative Relative Permeability Relative Parmeability
Per Cent Pore Space Permeability Rat‘o To Water*, Fraction To Cil*, Fraction

18.6 .000 .000 1.000
32.5 112 .040 .404
39.7 .299 .070 .234
' 44.7 - .647 ' .095 .146
49.0 1.49 129 .087
51.2 2.30 . 151 .067
54.3 4.52 179 .040
57.3 9.74 .209 .022
58.7 15.0 .234 .015
61.0 29.7 .264 .0089
62.2 55.8 .290 .0052
63.2 86.1 .310 .0036
63.8 121 .315 .0026
66.3 - .379 .0000

* Relative to 0il1 Permeability

These analyses, opinions_or interpretations are based on observations and material sypplied by the client to whom, and for whose exciusive and ccnfidential
use, this report is made. The interpretations or opinions exoressed represen! the dest judgment of CoreLaboratories, UK Lid., (all errors and omissions excepted): dut
Core Laboratories, UK Lid., and its oflicers and employees. assume no respansibility 11d make no warranty or resresentations as to the procuctivity, proper cperalion,
or orofitableness of any oil, gas or other mineral well or sa1n? _'n connaston with wr:cn such report is Lused or relied ucon,




CORE LABORATORIES UK LTD.

Petroleum Reservoir Engineering
LONDON—ABERDEEN

® ) Page 33 of 40
File: UKSCAL 80087

WATER-OIL RELATIVE PERMEABILITY DATA

Sample Number: 88 Initial Water Saturation
Per Cent Pore Spacs: 30.2
Air Permeability, Md: 278
0i1 Permeability with Porosity, Per Cent: 32.7
Initial Water Present, Md: 168
Water Saturation Water-0il Relative Relative Permeability Relative Permezziliy
Per Cent Pore Space Permeability Rat‘o To Water*, Fraction To C0il*, Frzczicn
30.2 .000 .000 1.009
34.5 120 .091 .762
38.4 181 .097 .537
. 45.5 .396 .107 273
50.7 .750 ' 112 143
57.3 1.72 .118 .0863
61.0 3.68 .121 .033
63.3 8.28 .124 .015
64.6 18.2 27 .0070
65.1 23.7 .128 .0054
66.3 56.1 .129 .0C23
.67.1 100 .130 .0013
68.9 - 131 .0020

* Relative to 0i1 Permeability

Thesa analyses, oOpinions or interpretations are bssed on observations and material sypplied by the client to whom, and {or whose excius.ve end zanfdental
use, this report is made. The interpretations or opinions expressed represent the best judgment o!f CorelLaboratories, UK Lid., (all errors and omiss.cns exgesiec); “ut
Core Laboratories, UK L!d., and its officers and empioyees, assume no responsibility and make no warranty or representations as !C ‘he procuctivity, =rooer toerslcn,
or profitadisness of any oil, gas or other minerat well ¢ sand in connaction with which such report is used or reiied upon.
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Petroleum Reservoir Engineering
LONDON—ABERDEEN
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.File: UKSCAL 80087

WATER-OIL RELATIVE PERMEABILITY DATA

Sample Number: 128 Initial Watef Saturation
Per Cent Pore Space: 23.2

Air Permeability, Md: 1110

0i1 Permezbility with - Porosity, Per Cent: 36.2
Initial Water Present, Md: 1060

Water Saturation Water-0il1 Relative Relative Permeability Relative Permeability
Per Cent Pore Space Permeability Ratio To Water*, Fraction Ty Cil*, Fraction
23.2 .000 .000 1.000
46.0 .283 .066 .232
50.5 ~.559 .090 181
. 54.3 1.08 .110 .102
59.1 2.98 134 .045
60.7 4.33 .143 .033
63.0 9.06 .154 .017
65.0 18.5 .166 .0090
66.1 30.4 174 .0057
67.5 63.7 .182 .0029
68.2 109 .185 ' .0017
. 70.3 - .204 .0000

* Relative to 0il Permeability

Thess analysss, opinions or interpretations are based on observations and material sypplied by the cllent to whom, and for whosa exclusive and cornfidentia!
use, this report is made. The interpratations or opinions expressed represent the best judgment of CorelLaboratories, UK Lid., (all errors and crmissions sxcepted); dut
Core Laboratories, UK Lid., and its officers and employees, assume no rasoonsibility sn3 maks no warranty or representations as 10 the productivity, proper operstion,
or profitableness of any oil, gas or other mineral well or sand in connection with wnrica such report Is used or relied upon,
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