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Attn: Mr. G. J. Lookabaugh
Dear Mr. Lookabaugh:

EPR.21TS.80 - Core Analysis Report
Norway Well 34/10-3

This report contains the results of all special core analysis tests
performed on core material from Norway well 34/10-3, in the Ness, Etine
and Rannach formations. A total of 10 core plugs were cut from the 2-1/2
feet of core material furnished. The work reported herein was authorized
by a letter of May 30, 1979 from Mr. L. T. Barron of Esso Norway to
Drs. C. C. Mattax and R. H. Rossen of EPRCo.

These tests included water-oil relative permeability by waterflood, oil
relative permeability by centrifuge, gas-0il relative permeability by gas-
flood, and both water-oil imbibition and gas-o0il drainage capillary pressure
measurements by centrifuge.

Very truly yours,

C. C. Mattax
. * By (ﬁgw\% Dwg_mw
C. Gruesbeck

LIJd:taw

cc: Mr. G. H. Sawyer
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INTRODUCTION

This report presents the results of a core analysis study of core
material cut from Norway Well 34/10-3. Except for one piece, the fur-
nished material appeared to be well preserved. This work was authorized
in a letter dated May 30, 1979 from Mr. L. T. Barron of Esso Norway to
Drs. C. C. Mattax and R. H. Rossen of EPRCo.

A summary of the tests performed is shown below:

Number of Tests

Type of Test Planned Completed
Water-oil relative permeability by water- 1 1

flood of composite core at reservoir conditions

Gas-0i1 relative permeability by gasflood 1 1
of the same composite

0i1 relative permeability by centrifuge at 4 4
160°F and atmospheric pressure

Water-oil imbibition capillary pressure by 4 4
centrifuge at 160°F and atmospheric pressure

Air-Kerosene drainage capillary pressure by 4 4
centrifuge at room conditions '



.DISCUSSION

Core Material

A total of ten usable samples were cut from approximately 2.5 feet of
core material furnished by Exploresso Stavanger. The cylindrical samples
were approximately 6 cm. long and 3.8 cm. in diameter. Due to its extremely
friable nature, some of the core material disintegrated under the sampling
bit. This condition was remedied by freezing the more friable sections
in 1iquid nitrogen prior to being plugged. Except for one section,
(1937.75-37.85 m) the core material upon receipt was well-wrapped and sealed,
and appeared to be preserved. The unpreserved piece arrived wrapped loosely in
a polyethylene bag but was not sealed. :

Preliminary Sample Data

Where possible, preliminary porosity and permeability measurements were
made, these to be used as a basis for selecting samples for the various tests.
Approximate porosities were measured by the nuclear magnetic resonance (NMR)

. procedure, and permeability by flowing brine through the core sample in "as
< received" condition (prior to any cleanup measures). Table I lists the core

sections and samples, preliminary data, and sample selections for further
testing.

Water-oil Relative Permeability by Waterflood

A composite core, consisting of four butted preserved core plugs enc]osed
under triaxial stress within a steel cell was waterflooded in order to
measure oil and water relative permeabilities. The core was prepared for
flooding by establishing a minimum water saturation with a viscous white
0oil flush at 3000 psi differential pressure, and then disp1acing the white
0il with a reconstituted live crude from the Norway reservoir. During the
test a synthetic brine (60 grams NaCl and 20 grams KC1 per liter)(See
Appendix A) was injected at a constant rate to displace oil from the core.
0i1 production rates and differential pressures across the core were con-
tinuously monitored during the flood. Test temperature was 163°F. Brine
injection was continued until oil production ceased. A system pressure of
several hundred psi greater than the saturation pressure of the o0il was

jemp1oyed throughout.

Results of the waterflood test, ana]yzed by the Johnson-Bossler- Naumann
procedure!, are presented in Table II and in Figures 1-3.

0il Re]ative Permeability by Gasflood

The same composite was subjected to a gasflood in order to measure
relative permeabilities to gas and 0il1. The core initially contained a
minimum water saturation, established as described above, and a 2.5 cp
white oil. During the test helium gas displaced the white oil at
essentially a constant differential pressure. Gas flow and o0il production
rates were monitored throughout, providing data for the relative permeability
computations using the Johnson-Bossler-Naumann procedure. Test data and
results are presented in Table III and Figures 4 and 5.




0il Relative Permeability by Centrifuge

Four core samples, subjected to about 3500 psi overburden pressure in
triaxial cells, were used in the centrifuge tests for relative permeability
to 0il. The samples were prepared by using a refined white oil flush for
cleaning and later for establishing irreducible water saturations. Prior
to the test, the white 0i1 was replaced by degassed crude oil from the
Norway reservoir. Tests were performed in the centrifuge at 160°F and
with atmospheric pressure on the fluids in the samples. The centrifuge
speed was held constant at about 2400 RPM. 0i1 production vs. time data
collected during the approximately 24 hours of the test period were ana-
lyzed for relative permeability behavior, with data and computed results
being shown in Table IV and in Figures 6-9. Relative permeabilities were
corrected for capillary end effects (See Appendix B), although these
effects were essentially insignificant.

Water-oil Imbibition Capillary Pressure by Centrifuge

Imbibition capillary pressure tests were performed on the same samples
used in the above relative permeability tests. Preparations for the tests

were the same in both cases.

£

Sai

This test is started by allowing the samples, containing degassed
crude 0il and irreducible water saturations, to stand in contact with
brine for approximately a week to permit spontaneous imbibition of the
brine. At the end of this period, the samples are placed in the centrifuge .
and spun at a lTow speed for production of o0il until equilibrium is estab-
lished. Centrifuge speeds are increased incrementally (with each held
long enough to achieve saturation equilibrium) to apply a range of capillary
pressures. Results of these tests are shown in Table V and in Figures 10-13.
Capillary pressure curves are based on calculated face saturations of the
water phase Z,

Air-Kerosene Drainage Capillary Pressure by Centrifuge

The same set of samples was saturated with a 2.5 centipoise white oil,
and subjected to drainage capillary pressure tests in the centrifuge. 1In
this test the oil is displaced by air at a series of centrifuge speeds, with

0il saturation brought to equilibrium at each speed. Results of these tests

s

b

are shown in Table VI and in Figures 14-17, with capillary pressure curves
being: based on calculated face saturations of the displaced phase.

]Johnson, E.F.; Bossler, D.P.; and Naumann, V.0.: "Calculation of Relative

Permeability from Displacement Experiments," Trans. AIME (1959), 216,370.

2Hass]er, G.L.; and Brunner, E.: "“Measurement of Capillary Pressure in
Small Core Samples," Trans. AIME (1945), 160, 114-123.

3S]obod, R.L.; Chambers, A.; Phren, W.L. Jr.: "Use of Centrifuge for
Determining Connate Water, Residual 0il, and Capillary Pressure Curves for
Small Core Samples," Trans. AIME (1951), 192, 127-134.



APPENDIX A
USE OF A SYNTHETIC BRINE

The water phase used in all tests was a solution containing 60 grams of

sodium chloride and 20 grams of potassium chloride per liter. It has

been determined in core analysis tests made over a long period of time that
brine composition within a wide saturation range has no measurable effect
on water-oil displacement test results. The mixture that was used in tests
reported here is one that was developed in our laboratories to minimize

the possibility of loss of permeability in brine sensitive cores.

The use of reservoir brine samples or close simulations of reservoir brine
compositions has proved to be undesirable for a number of reasons.

1. It iﬁ.often difficult to secure a large volume of uncontaminated
reservoir brine.

2. Reservoir brines are unstable and tend to form precipitates when
subjected to changes in pressure or temperature or to slight
contact with air. :

3. Even when formation of precipitate is not apparent, reservoir brine
may cause serious loss of permeability in test cores.

4. It is often impossible to make a stable brine to match the analysis
of a reservoir brine by starting with pure salts and distilled
water.



APPENDIX B
CORRECTION OF CENTRIFUGE RELATIVE PERMEABILITY FOR CAPILLARY PRESSURE

The procedure used for measuring relative permeability to oil in the
centrifuge is based in part on an assumption that the capillary pressure
gradient in the direction of flow is negligible compared to the gravity
potential gradient. As the brine saturation increases this assumption
is subject to increasing error.

The gravity potential difference is equal to the expression
(ZHN,Z X (pw -'po)r x 14.7 x L

2IN s psi
60 1.0133 x 10°

= centrifuge speed, rpm

density of water phase, gm/cc

density of oil phase, gm/cc

distance between pivot point of the centrifuge arm and
the midpoint of the sample, cm

sample length, cm

i Hon

N
,pw

P

r

L

1]

Ear]y in the displacement of oil from a core, the caplllary pressure, p - pw,
is small and the permeability to oil calculated by using the gravity

gradient as the pressure term gives an accurate relative permeability value.

As the oil saturation is lowered, the capillary pressure retarding the
production of o0il increases and the gravity gradient must be corrected for

the capillary pressure to obtain an accurate measure of permeability to oil.
When relative permeability and capillary pressure data are-available for

the test sample, an approximate correction can be made.

A plot of the capillary pressure data show1ng average water saturation, % PV,
versus calculated capillary pressure, p , psi, is used to determine the
capillary pressure at any selected wate? satHrat1on The gravity gradient
calculated for the k__ test in the centrifuge must be decreased by the
capillary pressure to obtain a corrected driving pressure at any saturation.
.. Because the corrected pressure gradient is less than the total gravity
«<-'gradient, the corrected permeability and the relative permeability to oil

are higher than uncorrected values. The correction is made to all calculated
points based on average saturation values for both relative permeability

and capillary pressure data.

This type of correction can be made with acceptable accuracy to a saturation
at which the corrected k__ is about twice the uncorrected value. 1If greater
accuracy is required or Y% extension of the relative permeability curve to a
lower 011 saturation is necessary, these data must be obtained from a
simulator study of the system.




TABLE 1

Core Samples Properties and Selection for Testing

Core Depth, Sample Depth, Preliminary Data Used Test Use
Meters _ Meters as Basis for Selection Centrifuge Composite
NMR Permeability
*%k
Porosity kbro’ md
1931.31-31.46 1931.4 - 0.45
*1937.75-37.85 *¥1937.78 26.4 53.4 X
*1937.81 22.6 18.7
1963.30-63.39 . 1963.33 30.9 78.0 X
o 1963.36 26.1 45.1 X
[@g;?1997.78—97.89 1997.85 -- 51.8 X
2023.97-24.29 2023.99 -- 323 X
2024.01 -- 301 X
2024.08 -- : 315 X
2024.15 -~ 194 X

* Unpreserved
**  Permeability in brine in "as received" condition




(o " TABLE TIA &

EPRCU WATERFLOUL CALLULATIUN, SAMMLE COMPUSITE CONDIV1ON — PRESERVED DATE 11-16~-79
CUMIPANY K GERVIO IR WELL NOe.  DBEPTH FT. SAMPLE NO. WATERFLOOD TOT. TIME INCREMENTS
. NUMBER N FLOOD
EXPL o NURWAY 34/10~3 6640.000 COMPDSITE 1 13
CURE LENGTH, M 24,500
CHUSS—5e Ul TONAL AREA UF CUR:s SU CM 10.860
AULK VOLUME » CC 266.070
PURE VOLUME OF COKEs CC 80.500
HYORGCARDBOIN VOLUME s, CC , 71.600
Ul VISCUSEfY In TEST. Cp , 1.500
FLUOUING dRINE VISCUSETY iN TEST, CP - ' 04430
VISCOSITY KATIO 3.488
PURKUSTIYy PCTe BULK VOLUME 30.255
SCALING FACTURSs LVMULS 2.307
KOLWs PREDETCHRMINED PERM-ABILITY Ta OIL 1IN PRE SENCE 302.000 X5 (Se«.)
UF CONNATL WATCRs MD , ,
KBKUs BRINE PERMEABILLITY AT KES 1DUAL OIL SATURATIUN 364113 W { S
FLUW VELUOCLITY IN CORts INCHE S/DAY 410.310
TiMz CONVERSTURN FACTORs UNITS/MINUTE 0.133
Time UNATS AT FLODD START 0.0
PRZSSURE CONVLKSION FACTORs UNITS/ZPS] 4.000 .
PIRESSURE UNLTS AT ZEAU PReSSUNE 0.0
ToMPoRATURE OF CORE DURING FLOODs DLG F 163.000
CURRE UUTFLUW FACz PRESSUKEs PSIG 36354000
INLFLAL OJL LN PLACE, PCTe PV HE8.944
CUNNATE WATERs INLTIAL wWATER IN PLACE, PCT. PV 11.056 Swec
UIL DISPLACED DUKING FLUODs PCT. PV 87.574

RELATIVE PEMoABILITY CALCULATION METHUD — SMODTHED (5 POINT, LEAST SQUARES, BOSSLER)

- ' COMMENTS

RESZRVUITK CONGIT s WATERFLOOD
INLZT 2023.99. 2024415, 2024.08, 2024.01 (ML VERS )



T,

TABLE 11B P
EPRCG WATERFLUDD CALCULATIUN. SAMPBLE COMPUSITE - CONDITIUN - PRESERVED DAT: 11-16-79

CONTINUOUS CHART TYRE FLOOD
DISPLACED OIL RECORDED FRUOM ScPARATUR TRANSDUCER QUTRUT

INPUT DATA

HE ADING UF 01l RoCOVERY SYSIEM AT FLOUOD START. UNLTS 100000
UTL RECUVERY VOLUME FACTORs CC/ZUNLT ‘ 13300
BRINE HULDUP . CCe ( VON_UME UF SYSTEM BETWEEN CORE 1.0000
ouUTLET AND ULL COLLECTOK) . :
ODie HOLDUPs UCe (VULUME UF DIL IN INLET AND OUTLET 1.4000
LINGS OF CURE HOLDER. NOT PART UF HV)
B AnE INJECTION KATES COZMIN 23780
CUMMUTED TIME TG PROWWCE 0L FLUS WATER HOLDUP. MIN 1.0093
CUMULATED TIME FROM PRESSURE DROP PRODUCED OIL
STAKRT OF FLOUD ACRDSLS CORE READING
5TEP NUa TIME UNILITS PRESSURE UNITS CHART UNITS
1 08750 39,0000 21,0000
2 18310 53,0000 33.8000 °
3 2 <4950 6041000 42,7000
4 440000 617000 44,1000
s 6.0000 63.6000 4447000
6 8.0000 65.0000 45.0000
7 11.0000 659000 45.2000
8 16.0000 65.8000 45,5000
o 9 20.0000 65.3000 45,8000
10 26.0000 54 5000 A5.685%00
‘11 32.0000 63.6000 4549000
12 38.0000 63.0000 45,9000
13 42,0000 45,5000

CHECLK VOLUMES Al STEP 1.

62.2000



& CTABLE TIC o

EPRCO WATLRFLOOL CALCULATIONS SAMPLE COMPUSITE CONDITION - PRESERVED DATE 11-16-79

AVGe 0OIL SAT. UL DISPLACED (OlL DISPLACED VOLUME BRINE VUOLUME Qi TOTAL FLUID

STer NO. FERCENT PV PERCENT PV PERCENT HV INJECTED, PV PROLUCED, CC PRODUCED, CC
1 72.%0G3 164348 1844776 0.1641 13.2300 13.2065
2 51.3615 37.5825 42 42541 0.3760 302540 30.2640
3 36.65H72 $52.2869 58.7862 0.5H231 42.0910 42 .1094
4 343441 54.5999 61.3868 0.8566 43.9530 -689B76E
& 33.3028 555912 62.5013 12998 447510 104.6367
¢ 32.8572 56.0869 63.0586 1.7431 45.1500 1403156
(4 dz.H267 S56.4173 63.4301 244079 4544160 193.8340
8 32.0311 569130 €3.9874 3.5159 45.8150 283.0313
S 31.5384 57,4086 64 <5446 44,4023 46.2140 3543892

10 31.4%28 H7.4912 G4.6375 57320 4642805 461 .4258
11 2l1.3702 657.5738 647304 70616 463470 568.40626
12 31.3702 57.5738 64,7304 843913 46.3470 675.4990
13 31.3702 57,5738 64,7304 Ge2777 463470 746 .8572



cPRCO WATzKRFLOUOD CALCULATLION s SAMPLE COMPUSITE

oL

CALC.

Al

LE R L R X S
79.9316
6343998
4G 8973
40.5004
38.7329
38e1506€
3744440
367090
261328
3565328
35.5328
3L «H328

L

P

OlL SAT.
GUTLET COURE

FAlc PCTe HV

92.2422
710945
5643901

4443807
36.0228
34.4506
339380
33.3042
32.6505
32.1380
3106043
31.6043
3146043

PV

CTABLE 11D -

7T
{’ RS

COND) TIUN — PRESERVED

RELATIVE PERMEAOSILITIES

CALCe UOIL SAT.
AT OUTLET CORE
FACE PCTa.

CALCs WATER SATe
AT OUTLET CORE
FACE PCT.

T«7578
28 .9055
43.6099
5546193
63.9772
655444
6600620
66.6958
67.3495
678620
08 « 3957
68 3957
6843957

PV

RELATIVE
PERMEABILITY
TO BRINE PCT.

—4,3190
13.2792

12.8945
12.5781

12,3313
11.8219
11.4287
11.1306
11,0132
11.0027
11.0033
11.0036

M}RJ

DATE 11-16-79

RELATILIVE
PERMEABILLTY
TU Ol PCT.

89.4483

39.0418

28.0593
5.9696
0.9202
0.3969
0.2431
0.144¢
0.0986
0.0460
0.0127
0.0107

0.0097
0%0

RELATIIVE
PERMEABILIT
RAT10

—0e 0482t
Oe 2594
Da4732¢
Z2¢1600.

13.6695¢

31.07161

4866235«

T&.8783]

112.8971¢
239.5324.
864452441
1027.3618¢
1135.,9206¢

P
<

i
-,



TABLE IIE
EPRCU WA TZRFLUUL CALLULATIUNS SAMBLE COMPOSLITE CUNDITION — PRESEKVED DATE 11-16-79

RELATIVIZ INJECTIVITY

BRINE RELAT A VE
STEP NC. INJECTED . PV INJECTAVITY
1 0.1641 0.6696
2 0.3759 0.4927
3 0.5231 0.4345
4 0.8566 0.4232
5 1.2998 0.4106
6 1.7431 0.4017
7 2.4079 0.3963
) 3.5159 0+3969
9 4.4023 0+3999
10 5.7320 0.4049
11 7.0616 0.4106
12 8.3913 0.4145
13 92777 0.4198

LL
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ZPRCO GASFLOOD CALCULATION. SAMPLE COMPOS ITE

CUMPANY ReSTRVULR 7 WZLL NOe

EXPUR e NORUAY 34/710~3

CORE LENGTH. CM

CRULS=52CT TONAL AREA (JF CORE «+ 50 CM

BULK VOLUME, CC

PORE VULUME OF UIRES CC

HYDROCARBON VOLUME s CC

UL VISCOSLITY IN TEST, Cp

GAS VISCUSITY IN TESTe CP

PORUSEITY s PCTe BULK VULUMES

KOCwWs PREVETERMINED PLREMEABILITY 10 0Ji IN PRESENCE
OF CONNATE. wATERs MDD

KGROs GAS PERMLABILLTY AT RKZS1DUAL UL SATURATLONG MD

COMPUTED TIWE FOR PRUDUCED Wi YO REACH COLLECTOR e MEN

TAME CORVERSLAUN FACTUORs UNITS/ZMENUITE

TAML UNXTS AT FLOOD STAakE

PROSSURE CONVERLION FACTIHG e UNLTS/ZPSI

PRESSUKRZ UNLITS KT 2ERU PaESSURE GRADIENT

INETRAL OLL IN PLACE, #CT e PV

INLKTRIAL WATER SATURATIUNS i e PV

TABLE IIIA

DEPTH FT.

i

Lo

CONDETION ~ PRESERVED

24.500
10.860
2664070
80..500

71200

2500

0.018

30255
&.1.&:_0.9(2’

229 .361
- 0e.200
0.133
0.0
10.000
0.0
Bbe447
11.553

SAMPLY
6640.000 COMPUOSINE

DATE NOV26.*79

GASFLOUD TIME INCKEMENTS
NUMBE b IN FLUOUD
1 15

RELATIVL PERMEABLICLITY CALCULAT ION METHOD - SMUODTHED (5 PUINTLLEAST SQUARLS sBUOSSILEK)

o . COMMENT S
GASFLOUD OF COMPUSETE — HELIUM DISPLACING WHITE OIL

AINLET 2023499220244154202440842024.0) QUITLET (METERS)
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EPRCO GASFLOOD CALCULATION, SAMPLY COMPOSLTE

CONDITION — PRESERVED DATE NOVZEG,*79

READING OF UXL RICUVERY SYSLTEM AT FLOOD STARTs UNLTS 10.0000

0l RECOVERY VOLUME FA&CTONle CC/ZUNILT 05040

OlL HOLDUEy Cle (VOLUME OF Ol IN INLET AND OUTLET 14000
LANES OF CURE HULDER » NOT PART OF HV)

INITEAL READING ~ wal TEST KETER 03300

CORE DJTLET FACE PRLOYSURZ s P 5 236.0000

% BACK PRESSURZ HELD CONST ANT %X

PRUDUCEZED UL
KEADING

CONMUL ATED TIME FrOMm
START OF L OVD

PRESSURE LwOP
ACRDSS CUORC

PRULUCEZD GAL
LITERS AT

STl Nl TAME UNITS PRES SURE UNITS CHART UNKTS ATMas PRESSURE

1 1.0000 82.0000 43,2000 1.0

2 2.0000 819000 56.9000 4,0

3 5.0000 82.6000 72.5000 18.2
4 10.0000 79.9000 875000 6le0 .

s 200000 778000 9142000 181.5%

6 30.0000 755000 96,0000 331.0

7 4040000 771000 101.0000 498,.,0

8 50.0000 79.0000 102.8000 68240

9 60.0000 77.7000 104.5000 - B84e0

— 10 706.0000 T6 9000 106.0000 1091.0
w 11 80.0000 7242000 106.9000 130840
12 90.0000 74.7000 107.6000 152540

13 1000000 73.1000 1043000 1740.0

14 105.,0000 7249000 108 .6000 1848.5

15 110.0000 70.2000 108.9000 1955.5




IABLE ITIC

\Z\« T“fA
EPRCU GASFLUDD CALCULATLIONG LAMELE COMPOSITE CONDIVIUN — PRESERVED DATE NOUVZ26,'79
AVGe Uli SATS ik PRODUCED Gl FRODUCED viui.UMc GAS YOLUME O
LSTE P NUO. PeRCENT PV  PeRCENTY PV PERCENT v ’ INJECTEG. CC PRADUCED, CC
1 69.40 | 14,05 21 483 - 3T7eS 1533
2 60.82 27«62 31.23 210.7 22024
3 5106 : 37«39 42 .28 1030.0 30610
5 44 4810 43469 49435 - 39003 3%e14
S 39 435 49410 ) 5551 10458.0 39.52
O 36 « 34 ) 52«10 L8891 19094 ,1 41 a4
T 33«21 55.23 6iladS 28738.0 44,46
a8 32«09 56.36 0C3.72 : JU3HG9 6 45,37
G 31.02 57.43 64 .93 . 51023.3 46423
| X4 30 .08 58437 65 o 99 6297T7T.6 46.98
11 29«52 58.93 66 .63 7552049 4T ult 4
12 29 .08 5G .37 67.12 88058.1 47.79
13 28«04 59.81 67 .62 100483.6 4LBel4
14 2B 4% 59 .99 67 B3 . 106754 .4 A4B.29
15 2827 60418 E8 .04 11294} .8 48.45

At



EPRCO GASFLOOD CALUULATIUNS SaMPLE COMPUSLETE

STEY NQe

LENCBEWN-

Gt

CALCs Ol SAT.
GUTLE I CURK

AT

FACE PCT .

B 7732
7460755
04 0328
50-51 1 1
5024006
84649462
435218
41 .936L
39 5046
38.3100
37.2423
3663431
3Le87732
35.6608
IS e44 64

vV

TABLE IIID

CONDITION -~ PRESERVIL

RELATLIVE

CARLCe ULIL SAT, LEIGUULD SAT.

AT OUTLET CURE AT OQUTLET CORE

FACE PCTe PV
74 ,97U% 86.5323
664021 T7 554G
56 6352 68 1879 -
49,9825 61.5352
44 44364 55.9892
41,5226 53.0753
384948 5040466
37 .0%13 486441
344368 4644926
33.8840 45 L4368
32,9397 44 o 4925
32.1444 43,6972
31 7288 43.281%
31 540G 43,0337
31 .3531 42.9059

PERMEABILYTIEDS

KECATIVE

13.47
17.05
U,
%l
g,
Yo d?
4a.94
5432
§ 359
SY.C
5550
S6. 3y
5637
56.94
514

PERMEABILLTY
FACE BLTe PV g, F0 GAS PCI.

d2.1458
aeB376

09«1914
L4 e 9240

234338
293110
34,3994
A7.7812
38 .6854
40,6581
84 G039
47 04196
AB.B522
LD e INT9
e 732

UATE NOV26,.°79

RELATIVE

PoRMEAGBILTLY
TO Ok PCT.

\31.7768
170261
0641767
026689
{0 1.3348
§0.9078
107103
0.5378
03340
02?755
Qe2272
01853
Us1680
0e 1596
0edD27

KRELATIVE
PoxMEABSILYIN
RATIO

0.0675C
026651

Il «4880C
SaHGL T
32,2864
48.432060
7025346
115%.8180%
147 59047
255,91022
290.7404H
30924140
32797681



CUORE NOe
DERPTH, FT
PERMEABILITY (KOCW),
POROSITYs % BV
PORE VULUME s CC
CONNATE WATER,
LENGTHs CM
GRAVITY GRADIENT,

MO

% PV
PSI

gl

s

RELATIVE PERMEABILITY 7O OIL DATA

& WATER-OIL SYSTEM (i_
FIELD: RESERVOIR: 34-10
WELL: 3 CENTRIFUGE @ 160
1937.78 1963.33 1963.36
635749 644147 64418
1942 239.0 18640
2444 31.2 30.5
15.4 19.7 1943
13.0 12.2 20.2
5.82 5.82 5.82
15413 1513 1513
CFGe%  OTL¥*% CFGe*x  OIL%x% CFGak  OIL*%
TIME PROD « T IME PROD « TIME PROD.
MINUTES  X_hV MINUTES X HV MINUTES X HV
0.20 0 045 16.8 054 10.1
0.78 Oet 0.88 20.2 0.98 13.3
1.26 3e4 1.50 29.5 1.75 29.5
2.12 = 4.1 2.33 39.9 2.54 35.4
3.14 6.7 3.48 4640 3.71 41.9
4470 11.2 4,96 49.4 5429 4747
660 134 6.85 5046 7«39 . 49.4
9.10 19.4 9.60 5449 10.00 54.2
13.20 261 13.50 58.4 13.90 S58.4
1770 2949 18.00 607 18,30 62.3
5.8 37.3 ‘2548 63.9 22.3 646
33.7 4245 33.3 6546 30 .5 68.2
44,7 49.6 45,0 67.1 38.9 69.2
S8ae7 534 S8e7 681 5049 72a1
71e7 5542 71a7 6848 6347 734
9642 56e7 9642 70.2 83.0 75«0
1217 571 12147 Tle4 109.7 7548
157.7 575 1577 72.0 1377 7646
195.7 604 220.0 73.1 1967 7846
270.0 619 293.0 T74.9 270.0 812
322.0 6442 692 7544 323.0 821
692 657 1266 772 693 82.8
1266 679 1266 83.8

1997 .85
6554 49
z078 .0
27 .8
13.2
15,9
480
12.07
CFG %k OIL*x
TIME PROD.
MINUTES % _HV
0+.65 550
1.07 568
1.99 59.5
2075 64 .9
3.97 67.6
S5.47 685
7«70 68,4
10.30 7Tle2
18.60 T34
2646 757
34,1 TTeS
523 T7.7
63.9 T80
834 784
110.7 78.8
138.7 80.2
221.0 8le1
32440 81.7
693 8269
1267 82,9

* EARLY TIME DATA HAVE BEEN DECREASED 0030 MINUTES TO ACCOUNT FOR CENTRIFUGE STARTUP.
*% 0IL VOLUMES HAVE BEEN CONVERTED TO PERCENT HYDROCARBON VOLUME.




. TABLE V
Water-0i1 Imbibition Capillary Pressure Data

. in Centrifuge at 160°F
Esso Expro Norway 34/10-3

Core Name, (depth in meters) 1937.78 1963.33 1963.36 1997.85
Core Depth, feet 6357.9 6441.7 6441.8 . ' 6554.9
Permeability, k (cw)® md 19.2 239 186 2078
Porosity, % BV O\CW)~ 24.4 31.2 30.5 - 27.8
Pore Volume, cc 15.4 19.7 19.3 13.2
Connate Water, % PV 11.0 11.2 15.0 14.4
Length, cm 5.8 5.8 5.8 4.8
. Cap Average Cap Average Cap Average Cap Average
~ Pressure Brine Pressure Brine Pressure Brine Pressure Brine
(Po-Pw) Sat. (Po-Pw) Sat.  (Po-Pw) Sat. (Po-Pw) Sat.
psi Pct PV psi Pct PV psi Pct PV psi Pct PV
0 12.3 0 13.2 0 17.6 0 68.9
-0.37 60.8 -0.37 73.6 -0.37 72.5 -0.29 87.2
-1.07 65.6 -1.07 79.7 -1.07 80.3 -0.86 89.4
-2.05 69.5 -2.05 82.8 -2.05 83.4 -1.64 89.4
-4.3 72.1 -4.3 84.8 -4.3 86.0 -3.4 89.4
-8.2 74.0 -8.2 85.0 -8.2 87.1 -6.5 89.4
-14.6 74.0 -14.6 85.0 -14.6 87.8 4

-11.7 89.




34710

CURE NAME
PERMEABILITY
PUROSITY, PCTe
PORE VOLUME, PV, CC
INITIAL OIL SATes PCT.
LENGTHs CM

KOs MD

8l

(o

e

Al R-KEROSENE DRAINAGE CAPILLARY PRESSURE DATA

BULK VOLUME

PV

-

WELL 3

1937

24
15
100

IN CENTRIFUGE AT 75¢F

«78

b
ol
»0

S5.82

CAP.
PRESSURE
(PA-PO) »

PS1

AVERAGE
LIGUID
SATe s
PCT. PV
100.0
98.7
69.5
55.8
44,8
377

1963.33 1963.36
3l.2 30,5
19.7 19.3
100.0G "100.0
S.82 5.82
CAP. AVERAGE CAP. AVERAGE
"PRESSURE LIQUID PRESSURE LIQUID
(PA-PO), SATes (PA-PQO) » "SATe s
PSI PCT. PV Ps1 PCTe PV
2e11 B8le7 2s11 66.8
4440 T3.6 4440 56.0
8«44 39.1 Bs44 4S5 41
176 29.9 1746 33.7
33.8 25+ 4 33.8 26 .4
60.0 23.9 60 .0 223

1997 .85

2T.8
13.2
100.0
4.80

CAP,
PRE SSURE
(PA-PQ}, SAT e

PSSl PCT. PV

180 38 e 6

376 3161

7e21 258

1.0 205

28 « & 18.2
51.3 1647

AVERAGE
LIQUID
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OIL-WATER RELATIVE PERMEABILITY BY WATERFLOOD
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FIGURE _3___

ELATIVE PERMEABILITY RATIO
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4
GAS-OIL RELATIVE PERMEABILI_TY BY GASFLOOD
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GAS-OIL RELATIVE PERMEABILITY RATIO
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FIGURE 7 ___
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RELATIVE PERMEABILITY TO OIL BY CENTRIFUGE
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FIGURE _10____
WATER-OIL IMBIBITION CAPILLARY PRESSURE BY CENTRIFUGE
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CAPILLARY PRESSURE, P =P_~P,, psi
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~ FIGURE .11 ___
WATER-OIL IMBIBITIOM CAPILLARY PRESSURE BY CENTRIFUGE

Field ___Norway Reservoir
Well 34/10-3
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FIGURE _12__
WATER-OIL IMBIBITION CAPILLARY PRESSURE BY CENTRIFUGE

Field __Norway Reservoir

Well 34/10-3
Core No., Permeabilify, Porosify, Connate Water,
Depth, ft. ko(cw), md % B.V. %P.V.
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CAPILLARY PRESSURE,P_ =P - Pv;,, psi

FIGURE _13___
WATER-OIL IMBIBITION CAPILLARY PRESSURE BY CENTRIFUGE

Field __Norway Reservoir
Well 34/10-3

Core No., Permeability, Porosity, Connate Water,
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FIELD Norway 34/10

FIGURE 16
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