6706/6-1 Geological Completion Report

HVITVEIS WELL 6706/6-1 RClI PRESSURE MEASUREMENTS

DEPTH
LWD Depth
Sample MD
Number (mRKB)

19 3243,5
18 3244,0
20 3245,1
21 3247,5
22 3248,8
1 3264,7
2 3265,0
45 3265,5
46 3265,5
47 3265,5
48 3265,5
49 3265,5
50 3265,5
51 3265,5
52 3265,5
53 3265,5
3 3265,5
44 3266,3
4 3266,5
5 3267,0
54 3267,0
43 3267,3
6 3270,0
7 3272,5
9 3272,5
10 3272,5
42 3273,2
8 3273,5
4 3276,5
40 3277,0
39 3279,0
37 3280,0
36 3280,3
38 3280,5
11 3286,5
12 3287,0
13 3290,0
14 3294,5
15 3311,0
17 3321,5
16 3322,0
23 3328,5
24 3338,5
25 3359,5
27 3373,0
26 3373,5
28 3387,8
29 3399,0
31 3406,0
30 3406,5
32 3410,0
33 3423,2
35 3427,6
34 3430,5

Depth

Shifted

to WL

(mRKB)
3240,98
3241,45
3242,48
3245,10
3246,33
3261,56
3261,86
3262,35
3262,35
3262,35
3262,35
3262,35
3262,35
3262,35
3262,35
3262,35
3262,35
3263,13
3263,32
3263,76
3263,76
3264,03
3266,60
3269,31
3269,31
3269,31
3270,01
3270,26
3273,07
3273,58
3275,62
3276,64
3276,94
3277,15
3283,06
3283,56
3286,71
3291,43
3307,84
3317,63
3318,13
3324,59
3334,34
3355,58
3369,38
3369,88
3384,54
3396,22
3402,28
3402,81
3406,46
3419,11
3423,51
3426,41

Depth
Shift

(m)

25
2,6
2,6
24

-3,2

-3,2

-3,6
-3,3
-2,8
-3,7
-3,7
-3,5
-4.1
-4.1
-4.1

Initial
Hydrostatic
(bars)
411,870
411,980
412,070
412,375
412,472
414,800
414,850
414,359
414,359
414,361
414,359
415,626
414,359
414,359
414,243
414,397
414,810
414,346
415,490
415,177
414,116
414,514
415,506
415,798
415,667
415,630
415,514
415,799
415,652
415,725
416,062
416,006
415,930
416,176
417,248
417,440
417,870
418,284
420,470
421,770
421,870
422,270
423,659
426,166
427,825
427,983
429,790
431,116
431,908
432,163
432,458
434,151
434,576
435,026

Initial
Hydrostatic
(psia)
5972,12
5973,71
5975,02
5979,44
5980,84
6014,60
6015,33
6008,21
6008,21
6008,23
6008,21
6026,58
6008,21
6008,21
6006,52
6008,76
6014,75
6008,02
6024,61
6020,07
6004,68
6010,45
6024,84
6029,07
6027,17
6026,64
6024,95
6029,09
6026,95
6028,01
6032,90
6032,09
6030,99
6034,55
6050,10
6052,88
6059,12
6065,12
6096,82
6115,67
6117,12
6122,92
6143,06
6179,41
6203,46
6205,75
6231,96
6251,18
6262,67
6266,36
6270,64
6295,19
6301,35
6307,88

Formation
Pressure
(bars)

331,681
331,890
332,345
331,781
334,149
332,711
330,510

331,663
331,880
331,850
331,699
331,707

332,550
350,569

333,436
332,301

347,966
347,093
336,637
334,552
335,932

337,748
338,560
341,230

353,143

Formation
Pressure*

(psia)
4750,00
4750,00
4750,00
4750,00
4750,00
4750,00
4750,00
4809,37

4809,11
4812,26
4811,83
4809,64
4809,75
4750,00
4821,98
5083,25
4750,00
4750,00
4834,82
4818,36
4750,00
4750,00
4750,00
4750,00
4750,00
4750,00
5045,51
5032,85
4881,24
4851,00
4871,01
4750,00
4750,00
4897,35
4909,12
4947.,84
4750,00
4750,00
4750,00
4750,00
4750,00
4750,00
4750,00
4750,00
4750,00
5120,57

*NOTE: A formation pressure of 4750psi denotes tight formation (for plotting purposes only)

NOTE: All pressure measurements on Quartz gauge (ie. absolute pressure measured)

Table 2.11: Hvitveis well 6706/6-1 RCI Pressure Measurements

Final
Hydrostatic
(bars)
411,880
411,940
412,030
412,115
412,518

414,800
414,362
414,567
414,437
414,380
414,571
414,271
414,335
414,245
414,567
414,750
414,369
414,604
415,060
414,020
414,428
415,693
415,870
415,630
414,950
415,316
415,672
415,472
415,781
415,847
416,101
416,017
416,123
417,270
417,480
417,960
418,420
420,490
421,460
421,770
422,198
423,610
426,184
427,899
427,945
429,795
431,105
431,952
431,883
432,355
434,075
434,552
435,007

Final
Hydrostatic
(psia)
5972,26
5973,13
5974,44
5975,67
5981,51
0,00
6014,60
6008,25
6011,22
6009,34
6008,51
6011,28
6006,93
6007,86
6006,55
6011,22
6013,88
6008,35
6011,76
6018,37
6003,29
6009,21
6027,55
6030,12
6026,64
6016,78
6022,08
6027,24
6024,34
6028,82
6029,78
6033,46
6032,25
6033,78
6050,42
6053,46
6060,42
6067,09
6097,11
6111,17
6115,67
6121,87
6142,35
6179,67
6204,54
6205,20
6232,03
6251,02
6263,30
6262,30
6269,15
6294,09
6301,00
6307,60

Perm
(mD)

1,146

3,187
1,260
2,297
5317

0,707
1,343

0,900
1,623

1,600
1,902
1,115
3,974

2,200
1,900
1,600
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Comment
Tight
Tight
Tight
Tight
Tight
Tight
Tight

840cc sample
840cc sample
840cc sample
840cc sample
840cc sample
4 litre sample
Gas in line
Gas in line

Super Charged
Super Charged

Tight
Super Charged
Super Charged

Tight

Tight
Super Charged

Tight
Tight
Tight
Tight
Tight
Tight
Super Charged
Super Charged
Super Charged

Tight
Tight

Tight
Tight
Tight
Tight
Tight
Tight
Tight
Tight
Tight
Super Charged?
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Details of the pressure testing and a full list of the sampling is provided Appendix. 7.
2.9.6 RCI Sampling

Five 840 cc samples and one 4000 cc sample were collected from the same depth in the gas zone
in this well.

Detailed sampling history:

Several RCI samples were taken in the gas bearing reservoir at a depth of 3265.5mRKB (depth
reference uncorrected LWD logging run). This depth corresponds to 3262.35mRKB for the depth
shifted wireline logs. The sampling process started at 15:08 on June 8. Fluid was pumped through
the tool in order to get as clean as possible formation fluid, before the actual sampling was started.
During the fluid pump through process the resistivity of the fluid was monitored. The resistivity
was very much stable and very slowly increasing from 0.283 to 0.303 ohmm by 19:30 when 43.2
liters of fluid had been pumped through the tool. For comparison, the resistivity of the mud filtrate
was 0.0696 ohmm at 23.5°C with an equivalent resistivity of 0.0342 ohmm at reservoir
temperature (70°C). This indicated that formation water rather than mud filtrate was pumped
through the tool. The optical analyzer showed no signs of hydrocarbons. At 19:35 the tension in
the wireline cable showed significant overpull (650 pounds) due to the rising tide, and it was
decided to fill two 840cc chambers to secure samples in case the tool would break loose from the
borehole wall, when the tension in the cable was released. During sampling, the resistivity
unexpectedly rose to about 7000 ohmm and the sample bottles were overfilled by more than 200cc
indicating that a compressible fluid most likely containing gas had been sampled.

The reason for the observed resistivities during pumping of fluid through the tool (approximately
0.28-0.30 ohmm), probably was due to that the resistivity read by the sensor resulted from a
combined response from mud filtrate and gas bubbles. During the sampling, when the fluid was
stationary in front of the resistivity meter, the sensor apparently made more direct contact with the
gas bubbles resulting in very high resistivity readings.

After the two first chambers were sampled, it was decided to fill three more 840cc bottles and one
large 4 liter chamber (Table 2.12). As all of the samples contained filtrate, the sampling
apparently did not reach beyond the invaded zone of the well bore.

Test Chamber Serial No. Chamber Volume Sampling Resistivity
No, Volume (cc) Pumped (cc) (ohmm)

46 369 137 840 1072 5100-7100

47 369 139 840 1083 5000

48 369 214 840 1640 7100

49 10 047 696 840 1593 5300

50 10 047 695 840 1520 6100

51 311994 4000 6910 5500

Table 2.12: RCI sampling results

It was decided to open test bottles no. 47 and 50 at the well site to find out about the content of the
chambers. The chambers contained gas and fluid as described in Table 2.13. The fluid was
dominantly mud filtrate with a thin film of condensate. The fluid resistivity was 0.06-0.07 ohmm
consistent with the mud filtrate sample from the mud referred to above. Some of the fluid (25 ml)
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was put in a graded settling tube. After settling for a while the tube showed the following from
bottom to top: mud filtrate, 1 ml brown scum, approximately 0.5 ml clear condensate on top. The
condensate had an odour akin paint thinner and had a moderately bluish-white direct fluorescence.

Sample Gas | Fluid | Chamber | Odour | Fluorescence | Fluid Comment

Chamber (fi:3 )i tml) pressure Resistivity

Serial No. (bar) (ohmm)

369 139 1.0 194 137.93 akin mod bluish- | 0.0661 at | Appeared to have a thin
paint white direct 15°C skim of gas condensate
thinner floating on the surface

(clear fluid)

10 047 1.5 | 342 337.93 akin mod bluish- | 0.0728 at | Appeared to have a thin

695 paint white direct 15.1°C skim of gas condensate
thinner floating on the surface

(clear fluid)

Table 2.13: Contents of opened RCI bottles onboard West Navigator

The fluid sample of the second chamber (10 047 695) was filtered and the resistivity of the filtrate
was measured to 0.0736 ohmm at 14.6°C. The chloride content was measured to 110 000 ppm.
For comparison the chloride content of the mud filtrate as measured from a mud sample was 120
000 ppm.

The gases recovered from both chambers were repeatedly analyzed through a chromatograph with
the results documented in Table 2.14.

Sample Injection Time Cl (2 3 iC4 nC4 1C5 nC5
Chamber (ppm) | (ppm) | (ppm) | (ppm) | (ppm) | (ppm) | (ppm)
Serial No,

369 139 1 08:03:56 | 96200 12160 5946 934 1303 0 500

369 139 2 08:13:56 | 108515 | 12004 5692 928 1283 0 495
10 047695 1 08:28:56 | 196607 | 21010 10378 1772 | 2447 0 1119
10 047695 2 08:33:56 | 195274 | 19370 10397 1800 | 2344 0 1093

Table 2.14: Chromatographic break down of gas samples

At the onshore laboratory (Reslab as) the chambers were heated to approximately 65°C,
pressurized to 650 bar, subsequently stabilized for 24 hours for the fluid to homogenize, and then
transferred to storage bottles (Table 2.15). The 4 liter chamber was transferred to 3 bottles.
Constant Mass Expansion (CME) and compositional analysis will be performed on bottle TS-
18207. Bottle TS-1902 has been sent to geochemical analysis.
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Chamber Storage | Drained Filtrate | Flowing Reservoir Flowing

Chamber Volume | Bottle No, Volume Pressure Temperature
Serial No. (cc) {cc) thar) (°C)
369 137 840 TS-6304 220 331.89 69.4
369 214 840 TS-29005 310 331.78 72.8
10 047 696 840 TS-1303 340 334.15 72.8
311 994 4000 TS-61005 1000 330.51 73.0
TS-18207 330.51 73.0
TS-1902 330.51 73.0

Table 2.15: Transfer of RCI chamber contents to storage bottles

2.10 Fluid Analysis Summary

Reslab did the fluid analysis work onshore. There was no lab present at wellsite. Baker Atlas did
one RCI run at TD of the 6706/6-1. The RCI run were successful, collecting 6 samples and trying
52 Pressure points.

See below for a summary of fluid analysis. For a full evaluation, please see Reslab Report,
Transfer and PVT Analysis of Gas Condensate Samples, 6706/6-1. The samples were transferred

to storage bottles, Table 2.16.

Sample No 2-369139 was opened at wellsite.
RCI Samples

RCI Opening Transferred to Drained filtrate CC, Comment
Chamber no | pressure storage bottle All samples contained
Water/ mud filtrate
369137 200 TS-6304 220
369214 500 TS-29005 310
10047688 300 TS-1303 340
311994 360 TS-61005 1000 4 liter chamber
TS-18207
TS-1902

Table 2.16: Transfer of RCI chambers, opening pressures and contents

The samples from the RCI chambers and one of the 3 transferred samples were transferred to a
PVT cell for dew point determination. The results in Table 2.17 show that none of the samples are
representative. All dew points are higher than reservoir pressure, indicating draw down and liquid
segregation in the wellbore during sampling. The total content of liquid drop out in the samples
indicates that this is a relatively dry gas condensate with a maximum liquid drop out around 1%.

The sample with the lowest Dew Point value closest to reservoir pressure is the most
representative sample.
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RCI Chamber | Transferred to Transferred Transfer pressure, | Dew point pressure
no storage bottle Volume, cc Bar Bar
369137 TS-6304 300 650 435
369214 TS-29005 320 650 435
10047688 TS-1303 435 650 440
311994 TS-61005 750 650
TS-18207 750 650 390
75-1902 750 650

Table 2.17: Transfer of RCI chambers to storage bottles, volumes and transfer pressures

A sample from the 4 liter chamber, Sample TS- 1902, was sent to Pencor for compositional
analysis. A reservoir pressure to 200 psig flash was performed by Pencor on the reservoir fluid
sample received from Esso Norge on August 14, 2003. The results of the compositional analysis
performed on the flash gas, is shown in Table 2.18 below.

Compositional Analysis of Separator Gas
Sampling Conditions: 13.8 bar (200 psig) at 26.7 °C (80 °F)
Hvitveis RCI Sample from ProServe Cylinder TS-1902 (RCI Chamber 311994)
Hvitveis Well No. 6706/6-0
PENCOR ID No. 29137-01
EPR-1256
Component Mole % GPM Wt % Mole Weight
@ 14.73 psia
Nitrogen 1,527 0,000 2,306 28,013
Carbon Dioxide 2,371 0,000 5,627 44,010
Hydrogen Sulfide 0,000 0,000 0,000 34,076
Methane 90,053 0,000 77,899 16,043
Ethane 3,266 0,872 5,295 30,070
Propane 1,431 0,394 3,402 44,097
Iso-Butane 0,219 0,071 0,685 58,123
N-Butane 0,361 0,114 1,132 58,123
Iso-Pentane 0,145 0,053 0,564 72,150
N-Pentane 0,124 0,045 0,483 72,150
Hexanes 0,131 0,055 0,610 85,642
Heptanes 0,372 0,155 1,997 100,926
Totals 100,000 1,759 100,000
Calculated Properties of Gas
Gas Specific Gravity (Air =1.00) =0,6417
Net Heat of (Btu/Cu.Ft. @ 14.73 Dry = 961,1 Real
Combustion Psia @ 60 °F)
Gross Heat of (Btu/Cu.Ft. @ 14.73 Dry =1064,1 |Real
Combustion Psia @ 60 °F)
Gross Heat of Combustion - Sat. (Btu/Cu.Ft. @ 14.73 Wet = 10455
Psia @ 60 °F)
Gas (@ 1 Atm. @ 60 °F) Z = 0,9975
Compressibility

Table 2.18: Compositional analysis of Separator Gas
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Hole size, Depth Casing, | Casing, Depth | Mud type | Mudweight | Leak off/
inches, m mdrkb | Inches mmdrkb (SG) Formation

Integrity
Test (SG)
Shallow gas | 1328-2050 -- -- Seawater 1.05 --
Pilot hole:
97/8”
Main Well | 1331-1428 36 1422 Seawater 1.05 -
427
28” 1428-2050 20 2042 Seawater 1.05 1.27
17 2050-3220 | 13 3/8 3211 KCL/ Glydril 1.22 1.49
12 14 3220-3451 -- -- KCL/ Glydril 1.28

Table 1.2: Hole sizes and Mudweight




GEOCHEMICAL REPORT ON
WELL NOCS 6706/6-1

Authors: Peter B. Hall
lan Ferriday

Geolab Nor A/S
Hornebergveien 5

P.O. Box 5740 Fossegrenda
7002 Trondheim

Norway

Date: October 2003



GEOLABHWNOR

Chapter 1

INTRODUCTION

1.1 General Well Information

The aims of the analytical program were mainly to evaluate the source potential and migrated
hydrocarbons. One objective was to characterise and compare the migrated hydrocarbon stain

in the sands between 3100 m and 3280 m with potential source shales.

Samples were chosen from a total of thirty-three samples (canned cuttings, swc and core
chips) were analysed by various techniques including headspace gas composition and gas
isotope composition, total organic carbon (TOC) content, Rock-Eval pyrolysis, thermal
extraction- and pyrolysis-gas chromatography, visual kerogen analysis, vitrinite reflectance
measurement, solvent extraction, liquid chromatography (MPLC), gas chromatography
(saturated and aromatic hydrocarbon fractions), GC-MS and bulk fraction isotope analysis.
These samples covered the interval from 2100 m to 3300 m. A water-based mud system was
used in drilling the well although the composition of the mud also included the organic mud
additive glycol. This causes problems in the interpretation of source potential as washing

does not remove this from low mature shales and the source potential will be over-estimated.
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Table 1 Analytical program for 6706/6-1
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Table nos.: 2a|2b 3 4a | 4b
NOCS 6706/6-1 2100 cut |X03/0013-1|shale/claystone X | X | X X | x
NOCS 6706/6-1 2100 cut |X03/0013-5|shale/claystone X X | X
NOCS 6706/6-1 2120 cut |X03/0014-1 |shale/claystone X | X | X X | X X X
NOCS 6706/6-1 2120 cut |X03/0014-3 |shale/claystone X X | x
NOCS 6706/6-1 2140 cut |X03/0001-1|shale/claystone [x |x | X | X | X X | x
NOCS 6706/6-1 2140 cut |X03/0001-5 |shale/claystone X X | X
NOCS 6706/6-1 2200 cut |X03/0002-1|shale/claystone [x |x | X | X | X X | x
NOCS 6706/6-1 |2240 cut |X03/0015-1 |shale/claystone X | X | X X | X
NOCS 6706/6-1 2280 cut |X03/0003-1|shale/claystone |[x |x | X | X | X X | x
NOCS 6706/6-1 2340 cut |X03/0004-1|shale/claystone [x |x | X | X | X X | x
NOCS 6706/6-1 (2360 cut |X03/0016-1 |shale/claystone X | x| x X | x
NOCS 6706/6-1 2500 cut |X03/0005-1|shale/claystone [x |x | X | X | X X | x
NOCS 6706/6-1 |2500 cut |X03/0005-2 |sandstone/sand X X
NOCS 6706/6-1 2680 cut |X03/0017-1 |shale/claystone X | X | x X | x X
NOCS 6706/6-1 |2700 cut |X03/0018-1 |shale/claystone X | X | X X | X
NOCS 6706/6-1 2720 cut |X03/0006-1|shale/claystone |[x |x | X | X | X X | x
NOCS 6706/6-1 2720 cut |X03/0006-2 |sandstone/sand X
NOCS 6706/6-1 2770 mud X X







