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I ntroduction

Well 35/11-13 was spudded just north of the Fram field (see Figure 1-1, Figure 1-2
and Figure 1-3) in 361m water depth. The well was drilled using waterbased mud
with the semi-submergible rig "Deepsea Trym" to atotal depth of 3266m MD. Both
gas and oil were encountered in the reservoir, which is a sandstone reservoir of the

Upper Jurassic (Oxfordian) age.

The well results are considered promising since the discovery is in an area where an
infrastructure is already in place. The well was also production tested to an oil rate of
500 Sm*/d. After the DST, the well was permanently plugged and abandoned.

The main objectives with the well were:

§ Test the presence- and type of hydrocarbons in the Oxfordian Turbidites in

the Astero prospect

§ Test the Astero prospect within structural closure, close to the top of the

structure.

wn W W W W

(Ref./1/).

Test an area of the Astero prospect with thick J52 reservoir sand thickness.
Test the Astero prospect where there is good HC indication.

Test the stratigraphic trap component of the Astero prospect.

L eave acceptable updip volumes.
Provide required information and data for evaluation of the discovery

The well attained a maximum deviation of ~2 deg. at around 3024m MD RKB. The
general well data are presented in Appendix 12.1. This formation evaluation report
summarizes the formation evaluation of the Astero well 35/11-13; petrophysical
interpretation, wireline formation tester results, drill stemtest resultsand PVT

analysis.
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Figure 1-2: Cross-section through 35/11-13

Figure 1-3: Top map of the structure
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2 Summary and Conclusions

The formation evaluation data included:

MWD/LWD and Wireline logs

Conventional core measurements from whole core and sidewall cores
Petrographic and special core analysis (SCAL) measurements
Wireline formation tester (WFT) pressures, samples and fluid scanning
Production and fluid samples from DST # 1

PVT analysis

Mini fracture test

wn W W W W W W

The main results from the formation evaluation from well 35/11-13:

§ The middle Oxfordian J52 sandstone, which is split into 7 sub-units (R1 to R7),
contains an approximately 38 m oil column with a thin (approximately 2 m)
overlying gas cap. The J52 sequence has good reservoir quality. The zone
average petrophysical parameters are shown in Table 2-1.

Top zone Thickness | Porosity Water sat. Permability
(mMD RKB) h (m) f_ (frac) Sy (frac) Karith (MD)

3096.3 11.6 0.20 0.19 456
3107.9 35 0.15 0.59 -
31114 17.8 0.20 0.34 172
3129.2 2.9 0.13 0.73 -
3132.1 26.0 0.17 0.64/10* 47
3158.0 7.1 0.13 1.0 -

3165.1 41.8 0.16 1.0

* above and below OWC
Table 2-1: Main petrophysical aver age parameterswell 35/11-13

§ The fluids contacts are estimated from logs, core fluorescence, MDT pressure
points and fluid scanning (MDT). There is little uncertainty for the GOC. Also
the OWC is well defined. There is relatively large difference between OWC
(core fluorescence) and the FWL (MDT pressure points). Ongoing SCAL studies
may resolve this. The fluid contacts are presentedin ~ Table 2-2.

Contact mMD RKB mTVD MSL
GOC 3098.5 3073.1
owcC 3136.8 31114
FWL 3138.0 3112.6

Table 2-2: Fluid contacts, well 35/11-13
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§ Thetestderived permeability in the Oxfordian sandstone is estimated to 105 mD.

There is somewhat lower than the average arithmetical core permeability of 170
mD in the test interval.

No sign of depletion was observed during the test. However, the test
interpretation demonstrated presence of three no-flow boundaries at 100, 180
and 290 m from the well. The main results from the interpretation are presented
in Table 7-9.

The formation temperature is estimated to be between 118 and 120 °C.

Note that both the MDT and DST (taken at separator) oil samples were taken
while flowing at a pressure below the bubblepoint. A recombined separator
sample was analyzed and the main PVT properties are presented in Table 2-3.
The oil density from PV T was 652 kg/Sm®; this compares well with the MDT oil
pressure gradient of 0.655 g/cc. Bubble point pressure found from the MDT oil
and gas gradients is approximately 314 bar which is 10 bar higher than estimated
fromthe PVT analysis.

GOR oail zone (Sm*/Sm°)

Py, (bar)

Gas gravity solution gas (kg/Sm®)
Qil density at SC (kg/Sm°)

Qil density, pycnometer at res. cond. (kg/Sm®)
Oil viscosity (cp)

B, @ P, (Rm’/Sm°)

Boo @ P, (RMY/SM°)

Table 2-3: Main PVT results of theoil

§ The MDT water sample was of good quality. The water sample had 9 % mud

filtrate contamination. The formation water is relatively fresh (CI" and TDS
(total dissolved solids) content of 7700 and 15000 mg/l respectively) and has
little content of Barium (53mg/l) and Strontium (7 mg/l). The resistivity is
0.06Wm. The main parameters from the water are shown in Table 10-11. More
details about the formation water can be found in section 10.3.

From the mini-frac tests a Formation Propagation Pressure (FPP) of 514 bar was
found, no value for the Instantaneous Shut-In Pressure (ISIP) was possible to
obtain. Figure 9-1 show the mini-frac sequence.
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3 Formation Evaluation Data Acquisition

The formation evaluation program in well 35/11-13 Astero comprised coring,
logging and production testing, and an evaluation of the datais found in the
following chapters.

The well was logged with MWD/LWD (Table 4-1). Two whole cores were cut in this
well with fair recovery as summarised Table 3-1. The coring point was
approximately 6 meters below top reservoir. In addition core plugs were cut in the
non-cored sections.

Reservoir Zone Core Interval Core Length Core Interval Core Length Recovery
Cut Cut Recovered Recovered

(Drillers Depth m.MD) (m.) (Drillers Depth m.MD) (m.) (%)
J52-R1 - J52-R3| 3100.00-3115.00 15.0 3100.00-3114.40 14.4 96.0
J52-R3 - J52-R5| 3115.00-3142.00 27.0 3115.00-3134.30 19.3 71.5

Table 3-1: Whole Corerecovery in well 35/11-13

A full wireline logging suite was run across the reservoir section (Table 4-2)
including petrophysical logs and MDT. Numerous samples of gas, oil and water were
taken with the MDT, and in addition scanning was performed to aid estimation of the
OWC.

The objectives of the wireline formation tesing (WFT) were:

Obtain formation pressures and the fluid gradients including the contacts
Secure high quality pressurized HC samples for:
o PVT analysis
0 Geochemical analysis
Collect 10Itr dead oil sample for SCAL studies
Secure representative formation water sample
| dentify presence of different character fluids in reservoirs

The well was thereafter cemented, and a production test (DST) was performed in the
lower part of the reservoir (3111.5—-3130 mMD RKB) just below a shale protecting
the pressure response form the influence of the gas. The DST objectives were:

To measure initial reservoir pressure and temperature

To determine and measure any contaminants (H,S, CO,, €tc)

Determine permeability-thickness and skin

Obtain reservoir geometry data

Obtain representative formation fluid samples (bottom hole sampling optional)
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The petrohysical interpretation (Chapter 4) includes:

MWD/LWD logs

Wireline logs

Conventional core measurements from whole core and sidewall cores
Petrographic core measurements

Special core analysis (SCAL) measurements

Thefluid contacts (Chapter 5) are estimated from :

Wireline formation tester (WFT) pressure measurements and logs
MDT scanning data

The sampling with the MDT is presented in Chapter 6 — Wireline Formation
Sampling. Sampleswere taken in:

Gas
2 x Oil
Water

The test and analytical test interpretation are presented in Chapter 7, the analyss
of the minifrac in Chapter 9 and estimation of reservoir temperature in Chapter 8.
Finally an overview of PVT results (hydrocarbons and formation water) is given in
Chapter 10.
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4 Petrophysical I nter pretation

4.1 L og Data Acquisition and Quality

The reservoir section was in favourable condition for logging. The reservoir section
was close to vertical; the hole deviation was less than 1.6 degrees. Further, the hole
Size was very close to bit size. There is a large washout below the casing shoe,
however this occurs well above the reservoir section. Waterbased mud was used.

411 MWD/LWD logs

Baker Hughes Inteq provided MWD/LWD services as summarised in Table 4-1.
There were some minor problems as indicated, but overall there are complete gamma
ray and resistivity logs over most of the well interval. Some depth shifts were
required to match the reference wireline logs; these are documented in the report
from Logtek who made the composite logs (refer section 4.1.3).

MWD/LWD Services Interval Remarks
. |Im. MD RKB]|

Drilled with 17.5"x36" bit size to 474m and then cleaned with
VSS (Vibration Stick Slip) - 386.7-474 36" 26" bit size 474-476m. No logging services.

476-701 |9 7/8" pilot] 21-22.03.05 Res. failed in this pilot hole section. GR recording ok.
476-701 26" 22-23.03.05 Res. logged in the 26" hole section, (GR from 9 7/8" pilot).

No 2 MHz Res. (only 400 kHz Res) 701-1135m. Only Real-
MPR-VSS-PRESSTEQ - 701-1757 5" 127.03-01.04.05 Time Res. & GR 1024-1052m due to memory failure.
(Res./GR/ann. pr., temp.)

Discontinuous GR response 1757-2800m due to different GR|
1757-2932 07-18.04.05 sensor type in Runs 7-9.

Cored intervals 3100-3115 and 3115-3142m logged by
29032-3291.5 5" 23-29.04.05 reaming 60 and 32 hours respectively after being drilled.

Table4-1: MWD/LWD servicesrun by Baker Hughes Inteq in well 35/11-13

4.1.2 Wirelinelogs

Schlumberger provided the formation evaluation wireline services as summarised in
Table 4-2: Wireline services run by Schlumberger in well 35/11-13. High quality log
data were recorded over the entire reservoir section. There was minimal tool sticking
from the wireline-conveyed tool string.

Density, neutron and gamma ray measurements (TLD/CNL/GR) were recorded with
8" vertical resolution processing, and these logs together with the laterolog resistivity
(HRLA) data were acquired with high-resolution sampling of 0.0508 metres/sample.
This high resolution was maintained for the CPI calculations. Sonic (DSl)
compressional and shear data were recorded inside the 9 5/8” casing aswell asin the
open-hole section; these data were subsequently re-processed by Schlumberger for
optimal results.

Wireline formation tester services included the successful acquisition of pressures,
samples and fluid logging from the MDT tool as summarised in the Table.
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Sidewall cores were acquired with the mechanical sidewall-coring tool (MSCT).
Initial recovery appeared to be good (41/45) but conventional core measurements
could only be made on 28 samples (refer section 4.2.1).

Formation Evaluation Interval Remarks

Wireline Services .| m. MD RKB

Dens./Neut./GR logged with 8" vertical resolution processing.

DSI/HRLA/TLD/CNL/ECS/GR 2925-3295 .5" 30.04.05 SP failure. Very large washout below CS 2925-2936m. DSI
(Sonic/Res./Dens./Neut./GR) acquired in P&S, Upper & Lower Dipole modes; compressional

(DTCO) & Shear (DTSM) from Schlumberger re-processing.

Down-log used as Repeat Section, Depth Reference Log (first
DSI/HRLA/TLD/CNL/ECS/GR 2405-3265 |9 5/8" csg.| 30.04.05 RIH & stretch correction procedures applied), and for recording

(Sonic/Res./Dens./Neut./GR) /8.5" DSl through casing (2405-2925m). DSI acquisition modes and

data processing procedures as above.

Total 29 pressure points; 28 successful, 1 tight. Several points

MDT/GR - Pressures 3097-3205.54 8.5" 30.04.05 exhibit low mobility (<20 mD/cp).

Multiple samples and fluid scanning at four depth levels; fluid

MDT/GR - Samples 3097-3157.4 8.5" |01-02.05.05 scanning alone at a further three depth levels.

Attempted = 45 Sidewall cores. Recovered = 41 including 2

MSCT/GR 2960-3151 8.5" 02.05.05 partial (3 empty, 1 aborted).

4.1.3

414

Table4-2: Wireline servicesrun by Schlumberger in well 35/11-13

Composte logs

Logtek made composite logs in accordance with NPD requirements. One hybrid
composite was made for the entire well (hybrid of MWD/LWD and wireline
measurements) where the MWD/LWD data were depth shifted to match the
reference wireline logs. Three petrophysical composite logs were generated; one
with merged depth matched MWD/LWD data, one with standard 0.1524
metres/sample wireline data (sonic) and one with the high resolution 0.0508
metres/sample wireline data (resistivity, density, neutron and gamma ray).

CPI Input logs - Environment and Invasion corrected data

The wireline contractor performed environment and invasion corrections during
acquisition; the corrected data were sourced from the third petrophysical composite
log (refer section 4.1.3). The following corrected curves were used in the
petrophysical interpretation:

Gamma ray, corrected for hole size and mud weight (curve 'EHGRY)

Density, corrected for bit size and mud weight (curve 'RHOS)

Neutron, corrected for hole size, stand-off, mudcake, borehole salinity,
formation salinity, mud weight, pressure and temperature (curve 'HTNP)
Resistivity Rt and Rxo, invasion corrected from the five HRLA laterolog
resistivity measurements, (curves'RT_HRLT' and 'RXO_HRLT)
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4.2 Core Data

42.1 Conventional core measurements

Conventional core measurements were made on core plugs from both the whole core
and from the sidewall cores (Ref. /3/). Only the whole core measurements were used
in core-log calibrations in the petrophysical interpretation; results from the sidewall
cores were only used qualitatively because these measurements are considered to be
of alower quality due to the possibility of mechanical damage during acquisition. In
the CPI result displays, (Figure 4-6 and Figure 4-7), whole core measurements are
indicated with “X” symbols whereas sidewall core measurements are shown as
“sguare” symbols.

The conventional core data include porosity, permeability and grain density
measurements.  Although the mud was doped with Tritium tracer, core saturation
measurements were not made due to poor results in trying to correct for mud filtrate
contamination in previous wells drilled with similar high salinity water based mud.

The cores were depth shifted to match the wireline logs as summarised in Table 4-3:

Reservoir Zone Core Interval Depth Shift Core Interval Remarks

Recovered applied to Core Recovered
(Drillers Depth m.MD) (m.) (Log Depth m. MD)
J52-R1 - J52-R3| 3100.00-3114.40 +3.5 3103.50-3117.90
J52-R3 - J52-R5( 3115.00-3134.30
3115.00-3125.73 +3.75 3118.75-3129.48 |The core photographs show a distinct break in
3125.74-3134.30 +4.5 3130.24-3138.80 |core #2 at 3125.735 (Drillers Depth m. MD).

Table 4-3: Whole Core depth shifting in well 35/11-13 —shiftsapplied for core plugs

The depth shifts in the above Table are those applied to the core plug measurements;
the shifts were determined from correlations between core porosity and the density
log. Split shifts were required for Core #2 and were implemented at a distinct break
seen in the core photographs at 3125.735 Drillers Depth m MD (Ref. /4/).

Slightly different depth shifts were required for the whole core gamma ray
measurements; these shifts were determined from correlations between the core and
log gamma rays. The different depth shift concerns Core #1 which was shifted of
+3.75 metres (compared to the +3.5 metre shift for the core plug measurements). It
was concluded that the core plug and the core gamma ray measurements were off-
depth with each other by 0.25 metres; this can occur because the gamma ray
measurements are made when the core is still inside the auminium sleeve.

Conventional core measurements were made on 28 sidewall cores that were
recovered over the interval 2960.0-3151.0 m MD RKB. Whilst these cores should in
principle be on depth with the wireline logs, a depth shift of 0.5 metres was applied
to all cores in order to yield an optimum correlation between core porosity and the
density log.
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4.2.2  Petrographic core measurements

Petrographic XRD analyses and thin section point count measurements were made
on selected whole core samples (Ref. /5/). The measurements of most interest
concerning clay/shale volume determination are summarised in Table 4-4.

Drillers Depth Permeability| Porosity XRD Thin Section
MD RKB . . KHAC PHIH Chlorite Smectite Kaolin Matrix Clay Kaolin
(m.) (mD) (FRAC) (FRAC) (FRAC) (FRAC) (Counts) (Counts)
(by weight) | (by weight) | (by weight) | (out of 300) | (out of 300)
296.000( 0.212 0.001 0.010 0.032 0.00 18.00
550.000] 0.221 0.000 0.008 0.022 0.00 21.00
710.000( 0.231 0.000 0.015 0.026 0.00 15.00
0.050 0.002 0.031 0.154
0.037 0.006 0.039 0.160
14.700] 0.166 0.000 0.024 0.061
0.096] 0.019 0.006 0.063 0.161
9.870] 0.186 0.000 0.018 0.051
196.000( 0.229 0.000 0.009 0.030
2.390] 0.153 0.000 0.021 0.069
216.000| 0.235 0.000 0.008 0.037
135.000( 0.216 0.000 0.012 0.038
158.000( 0.218 0.000 0.013 0.033
62.300] 0.210 0.000 0.010 0.037
75.4001 0.215 0.000 0.020 0.045
237.000] 0.220 0.001 0.008 0.028
57.700| 0.187 0.001 0.017 0.032
0.068| 0.056 0.002 0.004 0.009
706.000] 0.240 0.001 0.018 0.030
659.000] 0.237 0.000 0.009 0.022
0.030 0.005 0.031 0.193
0.036 0.001 0.054 0.135
119.000( 0.203 0.000 0.006 0.033
4970 0.196 0.001 0.010 0.050
22.800] 0.181 0.000 0.016 0.041

3100.00
3102.50
3104.00
3104.75
3105.20
3106.00
3106.55
3107.55
3108.75
3109.75
3111.25
3112.00
3114.00
3116.00
3118.00
3120.00
3122.00
3123.55
3124.45
3125.07
3126.06
3127.00
3128.00
3130.00
3132.00

NNMNNNNMNNMNNNNNNRPRPRRPRPRPREPRPRRERER

Table 4-4: Petrographic measurementsrelated to clay/shale volume in well 35/11-13

XRD bulk fraction clay measurements also include “illite/mica” which can be
problematic because these two minerals (the former clay, the latter part of the rock
framework) cannot be distinguished from the XRD spectra. It is fortunate that the
thin section point count measurements show that there are minimal occurrences of
illite in these middle Oxfordian reservoir sands. Consequently, the XRD clay
assessment can be evaluated by excluding the “illite/mica’ fraction from the clay
components as in the above Table. Total clay fraction (by weight) was determined
by summing the chlorite, smectite and kaolin components, and this was then
converted to an approximate volumetric fraction by multiplying by (1-PHIH). This
gives in an assessment of clay volume, not shale volume; it needs to be considered
that most shales contain of the order maximum 40% clay.

Thin section point count measurements were made with 300 counts allowing
identification of both detrital (matrix clay) and authigenic (predominantly kaolin)
shale components (refer above Table). In thin section point counting it is not
possible to distinguish between “clay” and the associated microporosity components,
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consequently, the original point counts data reflect the shale rather than the clay
volume. Assessment of the shale volume was made by dividing the sum of the
matrix clay and kaolin components by 300 (counts).

XRD clay volumes and thin section shale volumes were used to guide parameter
selection in the log shale volume calculations (refer section 4.1). The petrographic
results are shown in the volumetric analysis track of the CPI result displays, (Figure
4-6 and Figure 4-7); thin section shale volumes are scaled from 0 to 1.0 and are
shown with “star” symbols whereas the XRD clay volumes are scaled from O to 0.4
and are shown as “circle” symbols.

Special coreanalysis (SCAL) measurements

A SCAL programme was initiated at Reslab in mid 2005 and is expected to be
completed in 2" quarter of 2006. Evaluations are being performed on 16 plugs
selected from the entire cored section, most of the samples are from the oil zone. The
measurements include:

Confining pressure measurements of porosity and formation factor (m)
Mercury injection capillary pressure
Porous plate capillary pressure and resistivity index (n) at reservoir conditions

The first item above has been completed with the following results at 170 bar net
confining pressure, (the estimated effective reservoir stress inthe Astero area):

Porosity overburden correction factor = 0.979
Cementation exponent (m) = 2.03 with cementation factor (a) = 1.0
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4.3 Log interpretation
Log interpretation includes estimation of porosity from density log, water saturation
based on the Indonesia equation, and estimation of net sand and pay.
43.1 Porosity

Total porosity PHIT was determined by direct calibration of the density log with
overburden corrected core porosity. Separate calibrations were performed for the oil
leg above the transition zone (Figure 4-1), and for the combined water and oil
transition zones (Figure 4-2). The crossplots yield the fluid density ‘ROF values to
be used in calculating PHIT from the density log response equation.

The oil transition zone was treated as an effective “water-bearing interval” for the
purposes of the core-log porosity calibrations because analyses show that water
rather than oil is the predominant fluid in this interval, i.e. the density log response is
influenced more by the water than the oil in the oil transition zone.

Discriminators, (density < 2.45 g/cc, core porosity > 0.1, core permeability > 1mD)
were applied in the core-log calibration crossplots to ensure that the calibrations were
made over the better quality reservoir samples.

Both core-log calibrations were constrained through the rock matrix/grain density
‘ROMA’ value of 2.64 g/cc which was determined from a histogram of the
conventional core grain density measurements, (refer Figure 4-3). Non-reservoir
samples were also excluded from the histogram analysis, (core samples excluded if
permeability < 0.1 mD).
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’ 2.7 2.65 2.6 2.55 2.5 2.45 2.4 2.35 2.3 RHO8 (G/CC)
v Y ON X [forced pt=(2.64,0.0)]: PHIH_OBC = 1.60574 - 0.60823 * RHO8
Figure 4-1: Density log calibration to core porosity in the ail leg above thetranstion zone
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Y ON X [forced pt=(2.64,0.0)]: PHIH_OBC = 1.7013 — 0.64443 * RHO8

Figure 4-2: Density log calibration to core porosity in the water and ail transition zones
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Figure 4-3: Histogram of conventional core grain density measurements

Fluid density ROF values derived from the core-log porosity calibrations are as
follows:

Oil leg above the transition zone: ROF = 0.996 g/cc
Water and oil transition zones: ROF = 1.088 g/cc

A calibration was not possible in the gas zone since it was not cored; an estimated
ROF value of 0.75 g/cc was applied. The suitability of this estimated value is
confirmed from comparisons between log total porosity PHIT and the core porosity
measurements from sidewall core samples over the gas zone interval, (refer Figure
4-6 and Figure 4-7).

Log effective porosity PHIE was calculated from PHIT by correcting for the shale
content (PHIE = PHIT - (VSH x PHISHALE)). The shale porosity ‘PHISHALE’
value was estimated to be 0.06 from log and core measurements in the shale
intervals.

The log porosity calculation parameter values, (rock matrix/grain density ROMA,
fluid density ROF and shale porosity PHISHALE), are also summarised in Table 4-6.
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Water saturation

The Indonesia equation was used to calculate water saturation from the logs.
Formation resistivity (Rt), and the invaded zone resistivity (Rxo) were taken from the
Contractor’s wellsite invasion corrected laterolog measurements (RT_HRLT and
RXO_HRLT). The calculations were made using shale volume VSH and effective
porosity PHIE as previously documented in sections 4.1 and 4.3.1 respectively.

Formation temperature of approximately 118°C was determined from DST 1 and is
assumed to be from the midpoint depth of the perforated interval, (3120.75 m MD
RKB / 3095.35 m TVD MSL). The temperature gradient over the reservoir section
was taken from the Hydro report “Well programme 35/11-13, Astero”, page 35. The
DST 1 temperature and the temperature gradient were combined to make a
continuous formation temperature ‘FTEM’ curve (FTEM = 38.76 + (0.0256 X
SSDP)) where ‘SSDP’ isthe TVD MSL depth curve.

Formation water resistivity Rw of 0.12 ohmm at 119.3 °C was estimated from a
Pickett plot over intervals with low shale content in the water zone, (Figure 4-4).
The Rw temperature was calculated at the midpoint of the water zone (3172 m MD
RKB).

PHIE
(FRAC)

0.1

0.1 1.0 10.0 RT_HRLT (OHMM)

Lokdr /

+
T+

¥
+
N
|+
ﬂ

Discriminator: VSH|<= 0.15 FRAC

Rw= 0.12 OHMM m= 2.03 (a= 1.0 n= 2.0)

Figure 4-4: Pickett plot over intervalswith low shale content in the water zone
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The Pickett plot (and the subsequent CPI calculations) incorporated the cementation
factor (a=1) and cementation exponent (m=2.03) values determined from SCAL
measurements in this well (refer section 4.2.3).

Measurements of synthetic formation water resistivity at elevated temperature are
given in Ref./10/. However, the resistivity values indicated in the current version of
this report appear to be from the contaminated MDT water sample and not from the
synthetic formation water (that was formulated to correct for the 9% mud filtrate
contamination in the MDT sample). The report does provide the ion composition
calculated by Petrotech for the (synthetic) formation water; the ion compositions are
converted to NaCl salinity and then to water resistivity values in Table 4-5:

WEFS corr.!

Formation water?

lon composition
(mg/)®

lon multiplier*

Equiv. Nacl
(ppm)°

lon composition
(mg/h®

lon multiplier*

Equiv. Nacl
(ppm)°

15782
31

44

3

17

6
53
559
18

1.00
0.42
0.44
2.50
1.00
0.93
1.05
0.82
1.00
1.00
1.00
1.00

15782
13
19

8
7621
6052

18
133
6
53
559
18

7721
0

35

3

14

7
59
449
12

1.00
0.50
0.44
2.50
1.00
0.90
1.20
0.80
1.00
1.00
1.00
1.00

7721
0

15

8

17

7
59
449
12

Notes
1

30803
Total Solids

30281
Total Nacl

15276
Total Solids

15088
Total Nacl

- "WFS corr." = Wireline Formation Sample, lon Composition corrected by Petrotech for barite and sulphate precipitation.

- "Formation water" = Formation Water, lon Composition calculated by Petrotech by correcting for 9% mud filtrate contamination.
- lon compositions from Petrotech Report "Validity checks and analysis of MDT water samples, Report version:2", page 8.

- lon Multipliers from Schlumberger Chart Book, Chart Gen-8. Values for Sr, Ba, Acetate & Formate assumed = 1.0 (not in Chart)
- Since ionic concentrations are low, it can be assumed that mg/l = ppm

Resistivity from Nacl concentration:

WES corr. :

30,281 ppm Nacl concentration corresponds to a resistivity of 0.2231 ohmm at 20 °C; 0.0654 ohmm at 120 °C.

Form.water: 15,088 ppm Nacl concentration corresponds to a resistivity of 0.4211 ohmm at 20 °C; 0.1235 ohmm at 120 °C.

Table 4-5: Estimation of water resistivity from water sampleion composition calculations

The above table shows that the ion composition of the synthetic (contamination
corrected) formation water trandates to 15088 ppm NaCl concentration
corresponding to a resistivity at 120°C of 0.1235 ohmm. This strongly supports the
Rw value determined from the Pickett plot analysis. Furthermore, the ion
composition of the contaminated MDT sample translates to 30281 ppm NaCl
concentration corresponding to a resistivity at 120°C of 0.0654 ohmm which is very
similar to the (incorrect) resistivity values presented in the current version of the
Petrotech Report.
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Mud filtrate resistivity Rmf of 0.052 ohmm at 20°C was taken from the value
reported in the HRLA log heading. Rmf is used with Rxo to calculate invaded zone
water saturation Sxo.

Shale resistivity ‘RSHALE’ was estimated at 30 onmm from Rt log readings in the
shale intervals. Default values were used for remaining parameters in the Indonesia
equation, including the saturation exponent (n=2.0); a more specific value should be
available when the SCAL programme is completed.

All of the water saturation calculation parameters are summarised in Table 4-6.

4.3.3 Net Reservoir / Shale volume

Net reservoir intervals were determined by applying a shale volume cut-off of 0.40

together with a total porosity cut-off of 0.065 in the gas zone and 0.11 in the oil and

water zones.

The total porosity cut-off values were evaluated from a crossplot of overburden

corrected core porosity versus core horizontal air permeability measurements, refer

Figure 4-5:
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Figure 4-5: Crossplot of the conventional core porosity and per meability measurements



E& P Divison
Petrophysics/Formation Testing
Well 35/11-13 Page: 26 of 110

HYDRO Formation Evaluation Report Date: 24.07.06

Rev.: Fina
The gas zone porosity cut-off of 0.065 corresponds to a permeability of 0.1 mD
whereas the 0.11 porosity cut-off for the oil and water zones corresponds to a
permeability of 1 mD. Note that the core-derived porosity cut-offs are applied to log
total porosity ‘PHIT (rather than to log effective porosity ‘PHIE’) since core
porosity measurements are more closely represented by PHIT than PHIE. This is
because the core preparation procedures (drying at 60°C and 40% humidity) remove
most of the capillary and clay bound water.

Shale volume ‘VSH’ was determined from a minimum of gamma ray and density-
neutron log shale indicators. Linear relationships were applied for both indicators.
The density-neutron shale indicator was implemented using apparent grain density
‘RHGA’ which is a triangulated calculation from the density-neutron crossplot
involving the matrix, shale and fluid points. RHGA values were calculated using a
sandstone matrix and constant fresh water fluid parameters; fluid effects were
subsequently accounted for by picking separate shale indicator parameter values in
the gas, oil and water zones. The benefit of the RHGA approach is that the shale
indicator parameters (minimum and maximum values) can be assessed in a similar
manner to the gammaray. For both shale indicators, the selection of minimum and
maximum parameter values was guided by the results from the petrographic clay and
shale volume measurements, (discussed in section 4.2.2). The minimum and
maximum shale parameter values are summarised in Table 4-6.

The gamma ray ‘EHGR’ and RHGA curves are shown in the first track of the CPI
result displays, (Figure 4-6 and Figure 4-7); both curves have very similar response
characteristics indicating good fundamental agreement between the two shale
indicators. Shale volume calculations from each indicator (‘"VGR’ and ‘VRHGA’)
together with the final minimum value (*VSH’) are shown in the fourth data track of
the CPI result displays; this confirms the excellent agreement between the two
indicators.
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4.3.4 Petrophysical input parameters

Well 35/11-13: Petrophysical input parameters Parameter values applied over the Petrophysical fluid zonation (depths in m. MD RKB):

Parameter Shalel Oil Oil transition + Water| Shale2
Calculation |Description Mnemonic | Units | 3040.00-3092.00 3098.50-3129.18 3129.18-3206.95 | 3206.95-3260.00

Gamma ray (GR) minimum value MINGR GAPI 50

Gamma Ray (GR) maximum value MAXGR GAPI 136

Apparent grain density (RHGA) minimum value |MINRHGA | G/CC . . 2.65

Apparent grain density (RHGA) maximum value [MAXRHGA|] G/CC 3.03

Horiz. helium porosity - Overburden corrected  |PHIH_OBC| FRAC 0.979 x PHIH

Rock matrix/grain density ROMA G/CC 2.64

Fluid density ROF Gice 0.750 0.996 [ 1.088

Shale porosity PHISHALE | FRAC 0.06

Formation temperature at midpoint DST 1 DEGC 118 °C at 3120.75 m MD RKB / 3095.35 m TVD MSL

Formation temperature curve FTEM DEGC Calculated from TVDMSL depth curve 'SSDP': FTEM =[38.76 + (0.0256 x SSDP)]

Formation water resistivity Rw OHMM| Rw=0.12 @ 119.3 °C (from Pickett plot, temperature from midpoint of water zone at 3172 m.MD RKB)
Rw curve (at formation temperature). RW OHMM| Rw = 0.12 @ 119.3 °C converted to 'Rw at FTEM' = 0.12 x (119.3 + 21.5) / (FTEM + 21.5)

Mud filtrate resistivity Rmf OHMM| Rmf = 0.052 @ 20 °C (from measurement reported in HRLA log heading)

Rmf curve (at formation temperature). RMF OHMM| Rmf = 0.052 @ 20 °C converted to 'Rmf at FTEM' = 0.052 x (20 + 21.5) / (FTEM + 21.5)

-) |Shale resistivity. RSHALE |OHMM
Cementation factor a

Cementation exponent m

Saturation exponent n

Indonesia equation parameter ISILT

Indonesia equation parameter CVSH
Cut-off value for Total Porosity (PHIT) CO-PHIT
Cut-off value for Vshale (VSH)

Net Pay Cut-off value for water saturation (SWE)

Net Reservoir

Table 4-6: Petrophysical input parameters

4.4 Petrophysical results and Net Reservoir zone aver ages

Depth plots of the wireline logs, core data and CPI Petrophysical evaluation results
are presented in Figure 4-6 (J54 section) and Figure 4-7 (J52 section). Both plotsare
presented at the same scale to give a visual impression of the relative thickness of the
two sections.

The J54 section, (Figure 4-6), is dominated by shale facies in this well, but there are
several thin sand beds towards the base that are most likely gas-bearing (as at the top
of the J52 section).

The main reservoir sands occur in the J52 section (Figure 4-7). There is a thin
interval (approximately 2 metres) containing light hydrocarbons at the top of the oil
column. The absence of a distinct shale barrier of significant thickness between the
oil and the light hydrocarbon interval strongly suggests that the light hydrocarbon
interval is most likely a gas cap in communication with the oil column.

The J52 oil column has been analysed as two distinct intervals consisting of an oil
zone and an oil transition zone. The oil transition zone is characterised by very high
water saturations such that the predominant formation fluid is water rather than oil.
The high water saturations may be related to the lower permeability inthisinterval.
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Figure 4-6: Wirelinelogs, core data and CPI results, J54 section, well 35/11-13
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Figure 4-7: Wirelinelogs, core data and CPI results, J52 section, well 35/11-13
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Log and core data zone averages over Net Reservoir intervals are shown in Table
4-7:

Base Thickness (TVD) Porosity
MD MD TVD | Gross| Net N/G log core
RKB MSL RKB MSL [1] [2]
[m] [m] [m] [m] [m] [m] | [frac] | [frac] | [frac]

Well 35/11-13

3047.00f 3021.63] 3096.25| 3070.86] 49.23| 0.61] 0.012] 0.122

3096.25| 3070.86] 3107.85] 3082.46] 11.60] 11.49] 0.991] 0.199
3107.85| 3082.46] 3111.37f 3085.98] 3.52] 0.88] 0.250| 0.146
3111.37| 3085.98] 3129.18f 3103.78| 17.80] 17.04] 0.957| 0.196
3129.18 3103.78] 3132.05f 3106.65| 2.87] 0.74] 0.257] 0.127
3132.05 3106.65] 3158.04| 3132.63| 25.98] 23.85] 0.918] 0.171
3158.04f 3132.63] 3165.13| 3139.72 7.09] 2.23] 0.314] 0.132
3165.13| 3139.72] 3206.95( 3181.53| 41.81] 31.18] 0.746] 0.160

3096.25| 3070.86] 3206.95| 3181.53| 110.67] 87.40] 0.790| 0.174
J52-above FWL | 3096.25] 3070.86] 3138.00| 3112.60| 41.74] 35.99] 0.862] 0.193
J52-below FWL | 3138.00f 3112.60] 3206.95| 3181.53| 68.93| 51.41| 0.746] 0.161

J52- DST 1 3111.50f 3086.11] 3130.00f 3104.60] 18.49] 17.37] 0.939] 0.195

Log derived effective porosity PHIE - arithmetic average, thickness weighted.

Core overburden corrected helium porosity PHIH_OBC - arithmetic average.

Log derived effective water saturation SWE - arithmetic average, porosity and thickness weighted.
Core klinkenberg corrected horizontal air permeability KHAC - arithmetic average.

Core klinkenberg corrected horizontal air permeability KHAC - geometric average.

Core data values may not be representative due to insufficient core coverage in the zone.

Core data values not reported because they are not representative of the zone.

Core data values not reported because there are no core data in the zone.

Table4-7: Zone averagesover Net Reservoir intervalsin well 35/11-13
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Fluid Contact Levels

The interpretation of the formation fluid contacts is based on the following
information:

Electrical logs

Cores analysis

Formation pressure points (chapter 5.1)
Fluid logging

PVT analysis

The data interpreted is discussed in chapters 5.1 and a summary of the fluid scanning
isgiven in chapter 0.

Pressure measurements

Twenty-nine pressure tests were attempted in MDT Run 1A as listed in Table 5-3
(next page), note al pressure values are from the CQG quartz gauge. Twenty-eight
of the pressure tests were considered successful, (only one dry test), but several tests
exhibited low mobility.

Formation Pressure Points, Core analyssand Electrical Log I nterpretation

The formation pressure measurements (Table 5-3) were evaluated to determine fluid
gradients and fluid contact levels. The results are presented in Figure 5-1; the fluid
gradient values and consequent fluid contact levels are shown in Table 5-1:

Fluid Gradients and Fluid Contacts interpreted from the pressure data

bar/m

0.0245
0.0642
0.0951

g/cc
0.25
0.655
0.97

Depth
m. MD RKB| m.TVD MSL
3098.5 3073.1
3138.0 3112.6

Contacts:

GOC
FWL

Table5-1: Fluid gradientsand contactsinter preted from MDT pressuresin well 35/11-13

The interpreted oil gradient (0.655 g/cc) is in close agreement with the density
determined from PVT analyses on oil samples from DST 1, (0.653 g/cc), Table 5-2.
The PVT oil density values are sourced from Ref./9/.

Density from PVT analyses of recombined separator sample from DST 1

Test interval

m. MD RKB

m. TVD MSL

PVT analysis method

Density at Pgp
(304.5 bar)

Est. correction to
reservoir pressure

Density at Pi
(315 bar)

3111.5-3130.0

3086.1-3104.6

Pycnometer:

0.6518 gl/cc

+ 0.0016 g/cc

0.6534 gl/cc

Single stage separation:

0.6530 g/cc

+ 0.0016 g/cc

0.6546 g/cc

0.6480 g/cc
0.6540 g/cc

+ 0.0016 g/cc
+ 0.0016 g/cc

0.6496 g/cc
0.6556 g/cc
0.653 g/cc

Differential liberation:

Two stage separation:
Density (average value from the above four methods) at 315 bar reservoir pressure =

Table5-2: Density from PVT analyseson oil samplesfrom DST 1in well 35/11-13
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The interpreted water gradient (0.97 g/cc) is consistent with the water density
calculated from the formation water resistivity Rw value of 0.12 ohmm at 119.3 °C.
The Rw value corresponds to a salinity of 15647 ppm NaCl which converts to a
density of 0.962 g/cc at reservoir pressure and temperature.

The gas/ light hydrocarbon column is too thin to determine a gradient value from the
pressure data. The gas gradient value (0.25 g/cc) presumes that the fluid is gas.

Several pressure tests indicated low mobility, (refer Table 5-3); some occur towards
the base of the oil transition zone, and several more occur towards the base of the
water zone. The interpreted gradient lines were placed through the higher mobility
points, consequently, as might be expected, many of the low mobility tests plot
above the gradient lines indicating a small degree of supercharging.

Figure 5-1 also shows the depths and summary results from the fluid sampling and
fluid logging (scanning) measurements; the results are also summarised in Table 5-2.

Depth Reservoir | Formation | Mud pressure | Mud pressure | Mobility |Remarks

MD RKB
[m]

TVD MSL . . Zone Pressure Before After
[m.] [bar] [bar] [bar] [mD/cp]

3097.00
3097.90
3100.50
3102.50
3105.00
3106.90
3112.50
3115.00
3117.50
3123.50
3126.50
3128.00
3132.40
3134.10
3135.30
3136.00
3142.50
3147.50
3155.50
3157.50
3166.20
3170.00
3175.50
3183.50
3186.50
3193.50
3200.50
3202.00
3205.50

3071.6 J52-R1 313.816 393.595 393.602 235.4 |ok

3072.5 J52-R1 313.840 393.715 393.714 309.9 [ok

3075.1 J52-R1 313.981 394.034 394.031 462.7 |ok

3077.1 J52-R1 314.107 394.288 394.285 488.2 |ok

3079.6 J52-R1 314.269 394.597 394.596 450.5 |ok

3081.5 J52-R1 314.375 394.839 394.835 537.7 |ok

3087.1 J52-R3 314.774 395.532 395.534 3.2 Low mobility
3089.6 J52-R3 314.899 395.844 395.841 287.2 |ok

3092.1 J52-R3 315.069 396.168 396.169 203.2 |ok

3098.1 J52-R3 315.439 396.916 396.915 328.7 |ok

3101.1 J52-R3 315.626 397.299 397.295 207.2 |ok

3102.6 J52-R3 315.770 397.562 397.560 166.6 |ok

3107.0 J52-R5 316.100 398.110 398.111 25.6 ok

3108.7 J52-R5 316.226 398.244 398.247 7.8 Low mobility
3109.9 J52-R5 316.274 398.432 398.433 12.7 Low mobility
3110.6 J52-R5 316.291 398.520 398.521 16.3 Low mobility
3117.1 J52-R5 316.819 399.318 399.322 53.8 ok

3122.1 J52-R5 317.295 399.934 399.932 39.8 ok

3130.1 J52-R5 318.068 400.937 400.942 23.9 ok

3132.1 J52-R5 318.243 401.181 401.187 95.9 ok

3140.8 J52-R7 319.110 402.264 402.261 34.6 ok

3144.6 J52-R7 319.440 402.728 402.728 45.2 ok

3150.1 J52-R7 319.979 403.405 403.408 20.8 ok

3158.1 J52-R7 320.850 404.383 404.390 0.9 Low mobility
3161.1 J52-R7 321.043 404.750 404.748 26.5 ok

3168.1 J52-R7 321.784 405.621 405.607 7.5 Low mobility
3175.1 J52-R7 322.546 406.492 406.469 3.2 Low mobility
3176.6 J52-R7 322.550 406.657 406.643 21.2 ok

3180.1 J52-R7 407.089 407.049 Dry Test

Table5-3: MDT pressure measurementsin well 35/11-13
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Figure 5-1: Formation pressure and fluidsinter pretation, J52 section, well 35/11-13
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Fluid Scanning Interpretation (MDT)

The MDT-toolstring was configured with both an LFA and CFA. It wastherefore

decided to perform a downhole fluid scanning with the MDT in order to verify the
FWL in the reservoir. The fluid scanning was performed at three different depths:

3135, 3136 and 3137m MD RKB, see Figure 5-2 below.

| iy
.

-3135 m Oil after
pumping for 59 mins

-3136 m Qil after
pumping for 48 mins

LS

00 1000 10000

SN -3137 m No Qil after
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y ) o
[ ! LY 1 10 100 1000 10000

Figure 5-2: Fluid scanning ar ound the FWL, 3135-3137m MD RKB

Summary results from the fluid sampling and fluid logging (scanning) measurements
are shown in Table 5-4:

Fluid analysis from MDT fluid logging measurements
Depth Reservoir |Samples or |Fluid

Offshore analysis results on two samples
MDT chamber Oil Density GOR

m. MD RKB

m. TVD MSL

Zone

Scanning

Analysis

No. (g/cc)

(m%m3)

3097.00

3071.6

J52-R1

Samples (5)

Gas and Oil

0.789 @ 14.9°C

MRSC #172

3872.7

3107.00

3081.6

J52-R1

Samples (4)

Oil

0.848 @ 14.3°C

MRSC #100

120.1

3128.00

3102.6

J52-R3

Samples (2)

Oil

3135.00

3109.6

J52-R5

Scanning

Qil and Water

3136.00

3110.6

J52-R5

Scanning

Qil and Water

3137.00

3111.6

J52-R5

Scanning

Water

3157.50

3132.1

J52-R5

Samples (2)

Water

Table 5-4: Fluid analyssfrom MDT fluid sampling and fluid scanning

The fluid analysis results from MDT fluid logging measurements (on the left side of
Table 5-4) were evaluated, Ref./7/. This report includes summary analyses of the
recovered fluid samples together with graphical displays showing the fluid scanning
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results. The fluid analysis results are not conclusive concerning the nature of the
‘gas zone' at 3097m MD RKB since both gas and oil are in evidence. The Offshore
analysis results on two samples (on the right side of Figure 6-1) were taken from
Ref./6/. These results show a very high GOR for the ‘gas zone' sample at 3097 m
MD RKB compared to the oil sample at 3107m MD RKB. PVT analyses for the
MDT hydrocarbon samples are currently in progress; further information concerning
the nature of the * gas zone’ should be available when these analyses are compl eted.

The GOC, which is estimated at 2073.1 m, TVD MSL (3098.5 m MD RKB), is
considered to be relatively well defined from both logs (density-neutron separation)
and pressure points. The GOC is located in a thin calcite layer.

The OWC is not well defined from the logs. There is clearly ODT to 3128 m MD
RKB and WUT 3139 (maybe 3137) m MD RKB. In between is a ‘transition’ zone.
The FWL from intersection of the oil and water gradients is defined at 3112.6 m
TVD MSL (3138 m MD RKB). The fluid scanning at 3135 and 3136 demonstrated
presence of mobile oil, while at 3137 m MD RKB only water flowed. At the lowest
scanning depth (3137 m MD RKB) the shalow resigtivity logs is reading low (the
deep resistivity seem to read a calcite), and from this level and up both the resistivity
logs are dightly increasing. It is therefore concluded that the OWC must be right
above the lower scanning depth. The OWC is set to 3111.4 m TVD MSL (3136.8 m
MD RKB, 3132.3 m core depth) which is lowest depth where fluoresce (light colour)
can be identified on the core (Figure 5-3). No fluorescence is seen below the OWC,
and the water saturation should be 1.0 for the whole water zone (some oil saturation
iscalculated inthe log interpretation).

The difference between the estimated FWL from MDT and the OWC is 1.5 m. This
seem to be to large; in the interval 3135 to 37 the core permeabilities are between 50
and 100 mD which is a fairly good formation. The FWL defined from pressure data
could be somewhat inaccurate; only small adjustments of the gradients could move
the FWL somewhat up. In the SCAL program entry pressure will be measured for
several plugs located in the transition zone. This might reduce the uncertainty around
the OWC & FWL.
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Figure 5-3: Scanning depth on core (light colour isfluoresce, dark no flour esence)
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Wireline For mation Sampling

This chapter presents the operational aspects of wireline formation sampling. One
MDT run (1B) was performed in order to fulfil the sampling objectives. A list of the
sampling intervalsis given in Table 6-1.

Sampling depth Sample type Sampling
(mMD RKB) Gas | Oil | Water probe
3097 X Large Diameter

3107 X Large Diameter
3128 X Large Diameter
3157.5 Large Diameter

Table6-1: List of all ssmpleintervalsand observed fluid type on MDT logs

Wireline Formation Tester Acquisition

The Schlumberger Modular Dynamic Tester (MDT) wireline tool was used for the
both of the two WFT operations. An overview of the MDT-runs is presented in Table
6-2 (next page). A very ssimple MDT configuration was run for the pressure point
run. The MDT-toolstring consisted only of a probe and hydraulic module. The MDT
configuration used for the fluid sampling and scanning was more sophisticated and it
is shown in appendices 12.2. The complete sequence of events is found in appendices
12.8.1.

The MDT experienced several operational problems. Some of these problems were
related to human error and some were tool/ software failures.

Fluid Sampling

All samples were taken during the separate sampling run 1B. The man fluid
sampling objective in well 35/11-13 was to retrieve high quality single phase HC
samples and representative water samples from the Astero reservoir. Note that no
tracer was added to the mud.

13 (out of 14) fluid samples were successfully captured during the wireline formation
sampling run. Two of the samples are collected from the water zone in the Astero
reservoir while rests of the samples are collected at three different intervals in the gas
and oil zone. All samples were captured using the low shock method using the large
diameter probe.

Some problems were experienced during the job, but none of them caused any major
operational failure. These problemswere:
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One MPSR sample bottle was accidentally fired "close"; hence this sample
bottle was lost.

A leaking seal caused one captured SPMC sampleto be lost.

MDT power panel overheated, had to change power supply.

Some plugging tendency of the Large Diameter Probe; had to reset the probe
to cure the plugging of the probe nozzle.

CFA detected no CO; during the oil sampling, while as much as 5% CO, was
measured during the later production test! No obvious reason has been found
for not detecting the CO, with the CFA (possibly was the CO, sensor turned
off during the job).

During the same MDT run 1B, 3 different fluid scanning operations were conducted
in order to investigate the FWL in the Astero reservoir. As seen in Figure 12-1, the
MDT-string was configured with the both the LFA and CFA modules. The results
are discussed in chapter 5.3, but the fluid scanning operations went well and are
regarded as a success.

Offshore Fluid Transfer

Oilphase did the offshore fluid transfer. In total, total, 5 MPSR samples were
captured and transferred to CSB transport bottles, 6 SPMC samples were sampled
and transferred to SSB transport bottles. One SPM C had a cut back-up ring, due to a
faulty redress, and the sample leaked out slowly from the top of the rod. One 1 gallon
chamber and one 2 % gallon chamber were sampled and flashed while measuring the
GOR. Gas were filled in gasbags for offshore GC analysis and delivered to the mud
logging unit for GC analysis. The density was measured on extracted oil from both
samplers, and the resistivity was measured on water from the 2 % galon chamber.
The offshore analysis results are being reported in chapter 10.1.1.

All ssmpleswere labeled and shipped to Oilphase in Stavanger, for onwards shipping
to ResLab. A complete list of the samples can be found in the gppendices 12.5.
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MDT logging run #1A and #1B
Date Log | No.of Sampling depth MDT Samplestaken Run Operational comments
run | pretests | (mMD RKB/ Gas Oil Water | objectives
TVD MSL)
30.04.05 | 1A 28 na na na na ngﬁf“s”e Got 28 P-points out of 29.
SPMC:2 SaerCnO\I/;and Sampling of a small gas cap seen on top of ail
3097/ 3071.6 MPSR:2 na n‘a samp column. Good moability and low drawdown during
MRSC:1 Identify sampling
S R SR RS fludtype | =7 7~ S
SPMC:2 :r:g?acﬁughty
3107/ 3081.6 na MPSR:1 na g No special operational problems reported.
) volume of
MRSC:1
______________________________________________________________________ Samples |
) . , Pumpout showing some tendency of seal-failure
3128/ 3102.6 n‘a fAPIL\ASCR:i na gr?]h IZLS‘a“ty during shifting of stroke direction. Operation
01.05.05 | 1B - T T e o R Al P& | completed successfully.
Fluid
_____ 3135731096 | ma | ma | Ma | ganing | TheLFA/CGA moduleswere used at three different
Fluid depths to investigate the oil water contact in order to
_____ 3 136/31106 rVan/an/ascannmg back up the FWL depth determined fromthe MDT
Fluid pressure gradient.
_____ SSTISHLe | oMa oM | ™ lsaming | o
Some problems encountered both on the pumpout
SPMC:1 | Highquality | module and the hydraulic pressureinthe PS_1
3157.5/3132.1 na na MPSR:1 | samples probe. Several "reset probe" commands were

executed.

Table6-2: MDT logging over view
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Sampling Gasat 3097m MD RKB

During the clean-up at 3097m MD, it was noted that the LFA/CFA analysis indicated
gas/condensate (which was also the indications from the pressure gradient curve).
Both the colorization and GOR-readings were significantly different than the later
readings from 3107m MD. The fluid flashed from the 1 gallon chamber (MRSC 172)
is shown in Figure 6-1 below.

'

Figure 6-1: Fluid sample (MRSC 172) from 3097m MD RBK

As seen from the picture below, Figure 6-2, the fluid captured lower in the reservoir

at 3107m MD is quite different — both in character and volume - than the sample

collected at the top of the reservoir.
o

Figure 6-2: Fluid sample (MRSC 100) from 3107m MD RBK

All of the fluid identification channels indicated a gas and/or light oil with high
GOR. When the gas normalized channel [4] and [5] clearly separates from the other
gas normalized data, see Figure 6-3, it is a positive verification of free gas. The
reason is that the highest gas normalized channels reads the larger "gas bubbles"
which are flowing through the gas sensor. The readings are also significantly higher
(on the y-axis) than later seen for the oil and water sampling situation.

The optical densities, shown in Figure 6-4, indicate that a relatively clear liquid is
being pumped. This corresponds well with the observed fluid when flashing the 1
gallon chamber at surface, see Figure 6-1. If one also looks at the fluid fraction plot,
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Figure 6-5, it is evident that there is a significant volume of gas being pumped at
3097m MD. When the pump rate is increased at ~8000 sec., a much larger volume of
gas is produced through the MDT-tool. This can be seen from the CGA plot in
Figure 6-6. When the pump is running at 700 rpm, a higher amount of gas and GOR
is seen (the lower half of the figure). Also the Cs" fraction is lower on the log. The
GOR is estimated to be around 2200 — 2400 m*m? during this period with a higher
pump rate. The corresponding pressure and temperature development at 3097m MD

isseenin Figure 6-7.

MRFA GasDetector Data
3097m MD

1,00

0,80

op0+—————————

040 ——— -

Gas Normalized Data

-0,40 T T T T T T
0 2000 4000 6000 8000 10000 12000

Time (seconds)

[—GASD[1] —GASD[2] —GASD[3] _ GASD[4] _ GASD[5]]

Figure 6-3: Gas normalized data from 3097m MD RKB

Optical Densities @ 3097m MD
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Figure 6-4: Optical densitiesat 3097m MD RKB
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Fluid Fraction @ 3097m MD
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Figure 6-5: Fluid fraction plot from 3097m MD RKB
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Figure 6-6: CFA plot showing different gasvolume depending on pump rate
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Pressure & Temperature Development @ 3097m MD
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Figure 6-7: Pressure and temper atur e development at 3097m MD RKB

On interesting observation can be drawn from the resistivity plot, Figure 6-8, with
respect to the clean-up of the sampling depth. When the pump rate is increased from
500 rpm to 700 rpm (~8000 sec.), the resistivity is saturated (~24 ohmm) and
"gtable". Up to this point the resistivity has been erratic and jumping up and down
indicating a non-uniform fluid being pumped.

Formation Fluid Resistivity @ 3097m MD
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Figure 6-8: Resitivity readingsat 3097m MD RKB
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When the rate is reduced to 300 rpm, the resistivity is falling back to a significantly
lower value and exhibit a more stable reading. This indicates that the fluid which is
flowing through the resistivity cell is cleaner and more uniform (less free gas). The
last MPSR bottle (#971) sampled at this depth should therefore be of a better quality
than the three first ones taken.

A summary of the clean-up and transfer data is presented in Table 6-3 and Table 6-4.

Bottle #

Cleanup data Comments
Time Volume
(hr:min)
MPSR # 73 1:03
SPMC #123 1:42
SPMC #103 1:53

MPSR #768 -

Accidentally sealed, no
sample
1 gallon chamber

MRSC2 #172
MPSR #971

Table 6-3: Sampling data at 3097 m (gas)

MDT Transport Comments

6.3

bottle no.

pressure (bar)

bottle no.

MPSR # 73

224 bar @ 10C

CSB 6286-MA

Monaophasic

SPMC #123

Atm.

n/a

Leaking boattle, lost sample

SPMC #103

345bar @11 C

SSB 9283-MA

Monaophasic

MRSC2 #172

Atm.

n/a- glass

Atmospheric, flashed
offshore

MPSR #971

234 bar @ 10C

CSB 4464-EA

Monaophasic

Table 6-4: Surface sampling data (3097 m - gas)

Sampling Oil at 3107m M D RKB and 3128m MD RKB

The two sets of LFA/CFA plots from the oil sampling at 3107m and 3128m MD are
relatively similar in behavior. The optical densities and gas normalized data indicate
the same type of oil being sampled, see Figure 6-9 and Figure 6-10. The optical
density channel [1] is at both depth approaching ~1.3 and the separation of the gas
channels is ailmost identical at the two depths. This correlates well with the pressure
gradient over the same interval.
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Figure 6-9: Optical densities from 3107 and 3128m MD RKB
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Figure 6-10: Gas normalized data from 3107 and 3128m MD RKB

The samples captured at 3128m MD are possibly of better a quality because they are
somewhat less contaminated by mud filtrate. It looks like the clean-up went faster at
this depth, see Figure 6-9 and Figure 6-11, and that the curves becomes more stable

Resistivity (chm*m)

before the samples are taken.
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1000
T m i T T ™ T
(N R M L
E
E
&
> 10
7
&
o1
-
o 1000 2000 3000 4000 5000 6000 7000 8000 9000 o o 500 1000 1500 2000 2500 3000 3500 4000 4500
Time (seconds) Time (seconds)

Figure 6-11: Resstivity readings at 3107 and 3128m MD RKB



E& P Divison
Petrophysics/Formation Testing
Well 35/11-13

Page: 46 of 110

HYDRO Formation Evaluation Report Date: 24.07.06
Rev.: Final
Pressure & Temperature Development @ 3107m MD Pressure & Temper ature Development @ 3128m MD
10 a1
00 ar
00000
a1 |
Yo f Lo
_
3 s u = :
g Eam - || —— i
wd gau J -~ B :
T ® 311 20 o

Figure 6-12: Pressure and temper atur e development at 3107 and 3128m MD RKB

The pressure history is presented in Figure 6-12. We see that we have a drawdown of
6-7 bar at both sampling depths. The dlightly reducing drawdown while sampling
indicates that the system still is cleaning up.

A summary of the clean-up and transfer data is presented in Table 6-5 to Table 6-8.
Note that during sampling at both sampling intervals in the oil zone the pressure was
lower than the bubblepoint pressure. Using a bubblepoint gradient of 0.1 bar/m
results in a maximum drawdown for gas free production of approximately 0.6 and
2.2 bar for the upper and lower sampling depth respectively. Those limits are
exceeded by 6.4 and 3.8 bar.

Bottle # Cleanup data Comments
Time Volume

(hr:min) (litre)
1:46 93
1.51 na
1.57 103

2:20 125

MPSR # 972
SPMC #148
MRSC2 #100
SPMC #121

2 3/4 gallon chamber

Table 6-5: Sampling data at 3107 m (upper oail)

MDT Volum Comments

bottle no.

Opening
pressure (bar)

Transport
bottle no.

MPSR # 972

158 bar @ 10 C

CSB 4753-EA

410 cc

Monaophasic

SPMC #148

414 bar @ 11C

SSB 2149-EA

245 cc

Monaophasic

MRSC2 #100

Atm.

IATA Cans

4+35 ltr

Dead oil

SPMC #121

423 bar @ 13C

SSB 2040-EA

Table 6-6: Surface sampling data (3107 m — upper ail)

230 cc

Monaophasic
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Bottle # . Cleanup data Comments
i Time Volume
(hr:min) (litre)
MPSR # 972 0:52 42
SPMC #121 1:.01 49

Table 6-7: Sampling data at 3128 m (lower oil)

MDT Transport Comments
bottle no. pressure (bar) bottle no.
MPSR # 972 165bar @ 12C | CSB 6949-MA Monaophasic
SPMC #121 441 bar @ 14 C | SSB 10334-AA Monaophasic

Table 6-8: Surface sampling data (3128 m — lower oil)

6.4 Sampling Water at 3157.5m MD RKB

During water sampling the optical water channels [6] and [9] clearly indicate
formation water throughout the sampling operation, see Figure 6-13. No tracer was
added to the WBM, it was planned for a longer pumping time than for the HC
samples. Unfortunately, some plugging tendency was experienced during the clean-
up period, and the probe hade to be reset (see pressure response at ~7500 sec. in
Figure 6-14). Since the MDT tool was not moved during the retraction of the probe,
it re-set most likely very close the initial position. The clean-up of the formation and
the near probe inlet area continued almost without any setback of the clean-up
process. By investigating the resistivity plot, Figure 6-15, one see that the resistivity
chanced very little after the probe had reset.

The resistivity (for contaminated water) ends at a value of 0.06 ohmm compared to
0.12 ohmm used in the petrophysical analysis.

Plugging tendency occurred during the whole pumping period, and the water samples
were captured a a point where one wanted to secure the samples before the nozzle of
the probe plugged off completely. However, the water samples should have low mud
filtrate contamination.

In Table 6-9 and Table 6-10 presents a summary of the water sampling data.
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Bottle # . Cleanup data Comments
Time Volume
(hr:min) (litre)
MPSR # 930 3:58 58
SPMC #150 4:10 66

Max drawdown 50 bar

Table 6-9: Sampling data at 3157.5 m (water)

MDT Opening Transport Comments
bottle no. pressure (bar) bottle no.

MPSR # 972 48bar @ 12C | CSB 6840-MA Monophasic

SPMC #121 490 bar @ 14 C | SSB 1254-EA Monophasic

Table 6-10: Surface sampling data (3157.5 m —water)

Optical Densities @ 3157,5m MD
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Figure 6-13: Optical densitiesfrom 3157.5m MD RKB
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Pressure & Temperature Development @ 3157,5m MD
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Figure 6-14: Pressure and temper atur e development at 3157.5m MD RKB

Formation Fluid Resistivity @ 3157,5m MD

Resistivity (chm*m)

0 2000 4000 6000 8000 10000 12000 14000 16000
Time (seconds)

[— B8R
Figure 6-15: Registivity readings at 3157.5m MD RKB
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6.5 Curve Mnemonicsfor MDT Channels

Curve Explanation
mnemonics

BSG1 MRPS 1 Strain Gauge Pressure
BQT1 MRPS 1 Quartz Gauge Temperature
BQP1 MRPS 1 Quartz Gauge Pressure
B1TR MRPS 1 Resistivity Cdl Temperature

B1TV MRPS 1 Strain Gauge Temperature
BFR1 MRPS 1 Resistivity

FAQOD [0..9] Fluid Analyzer Optical Density Data [ch. 0..9] | Unitless
Water frac. Water Fraction Unitless
(WATF)
Qil frac. (OILF) | Oil Fraction Unitless
GASDI[1..5] Gas Detector Normalized Data[ch. 1..5] Unitless

Table 6-11: Curve mnemonicsfor the MDT channéls
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7.1

Drill Sem Test I nter pretation

Bottom hole sampling was planned, but was cancelled due to PROSPER calculations
demonstrated presence of free gas in the lower part of the well. Hence, it would not
have been possible to take representative bottom hole samples. A summary of the
data acquisition is presented in Table 7-1, the main completion data is found in Table
7-2. The gauges used in DST in Table 7-3 and a summary of the sampling in Table

7-4.

Surface data
acquisition

Summary of DST Data Acquisition

One production test was performed in the oil bearing section of the Oxfordian
Formation (DST #1). In this chapter the data acquisition during the testing is
described. Analysis of the test datais presented in chapters 7, 8 and 9.

This Chapter contains data acquisition during the test and test interpretation.

- ‘Standard’ surface data acquisition system)

- Sandec)

Bottom hole gauges

(Ref./11))

- 2 X Spartek quartz; carrier above packer
- 2 X Metrolog quartz; carrier above packer

Sampling

- PVT sets at the separator

- Trace elements at the separator

- Other samples at the separator

Table 7-1: Summary of data acquisition during the DST operation

Perforated interval

3111.5-3130.0 (3086.1 — 3104.6) mMD RKB

(mTVD MSL)

Perforating guns

Halliburton tubing conveyed guns, 4 5/8” 12 sfp

60 deg phasing HM X Millenium charges

Underbalance

Approximately 45 bar

Packer depth

3089 m MD RKB

Tubing

Table 7-2: Completion data

Gauge

3% below seabed, 4 %2 landing string

Sensor depth (m MD RKB
(mTVD MSL))

Comments

Spartek quartz # 20397

3082.0 (3056.6)

Worked ok

Spartek quartz # 20398

3081.3 (3055.9)

Worked ok

Metrolog CGM # 7401

3082.1 (3056.7)

No data

Metrolog CGM # 7443

3082.1 (3056.7)

Table 7-3: Gaugesused in DST

No data

Page: 51 of 110
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Bottle
no.

Time
(12/5-06)

Sampling point

Volume

Bottle
pressure
(bar)

Comment

N/A

23:00 (11/5)

Test Sep

1L

Atm

PT-2075

03:30-04:00

Test Sep

600cc

11

PVT set-1

A-1806

03:30-04:00

Test Sep

20L

20

PVT set-1

5034A

03:30-04:00

Test Sep

20L

20

PVT set-1

N/A

10:30-11:35

Calibration tank

2001

2001 Drum

Mixing study sample

N/A

10:30-11:35

Calibration tank

2001

2001 Drum

Mixing study sample

PT1123

12:20-12:45

Oil outlet Test Sep.

600 cc

12

PVT set-2

A1803

12:20-12:50

Gas outlet Test Sep.

201

20

PVT set-2

4764 A

12:20-12:50

Gas outlet Test Sep.

201

20

PVT set-2

TS 11518

13:26-13:57

Oil outlet Test Sep.

600 cc

12

PVT set-3

A2456

13:26-13:58

Gas outlet Test Sep.

201

20

PVT set-3

A 1802

13:26-13:59

Gas outlet Test Sep.

201

20

PVT set-3

PT 2059

14:35-15:05

Oil outlet Test Sep.

600 cc

12

PVT set-4

A 2114

14:35-15:05

Gas outlet Test Sep.

201

20

PVT set-4

A 0166

14:35-15:05

Gas outlet Test Sep.

201

20

PVT set-4

Geo 151

15:15-15:20

Gas outlet Test Sep.

150 cc

Gechemical #1

PT 226

15:22-15:25

Gas outlet Test Sep.

150 cc

Gechemical # 2

Geo 150

15:28 -15:33

Gas outlet Test Sep.

150 cc

Gechemical #3

N/A

17:00

Oil outlet Test Sep.

11

Plastic Bottle

N/A

17:00

Oil outlet Test Sep.

11

Plastic Bottle

N/A

17:00

Oil outlet Test Sep.

11

Plastic Bottle

N/A

17:00

Oil outlet Test Sep.

11

Plastic Bottle

N/A

17:00

Oil outlet Test Sep.

11

Plastic Bottle

N/A

17:10

Oil outlet Test Sep.

11

Aluminium Bottle

N/A

17:10

Oil outlet Test Sep.

11

Aluminium Botle

N/A

17:15

Oil outlet Test Sep.

0,5

Aluminium Bottle

N/A

17:15

Oil outlet Test Sep.

0,5

Aluminium Bottle

A 2010

17:00-17:15

Oil outlet Test Sep.

For Emulsion study

5308 A

17:30-17:45

Oil outlet Test Sep.

For Crude Assay

N/A 20:30
N/A 20:30
N/A 20:30
N/A 20:30
N/A 20:30
N/A 20:30

Water outlet Test Sep.
Water outlet Test Sep.
Water outlet Test Sep.
Water outlet Test Sep.
Water outlet Test Sep.
Water outlet Test Sep.

Table 7-4: Summary of sampling during the DST

7.2 Operationssummary of DST # 1

Picking up the TCP guns commenced at 08:15 on May 08. The detailed Sequence of
Events (as per PWS well test report) is shown in Appendix 12.8.2. Test string
configuration isincluded in Appendix 12.9.

The test string was run without any major problems. The string was displaced to base
oil viathe OMNI valve to create the required underbalance when perforating. The
guns fired against closed choke manifold at 10:14 May 11 with a good response at
surface. The well was opened on a 16/64" adjustable choke and increased to a final
choke setting of 58/64”. The total flowing period was 2 hours and 15 minutes. For
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the last hour of the initial flow the well was diverted through the separator. The well
was then shut in downhole for a9 hoursinitial build-up.

After an initial build up the well was opened on a 12/64” adjustable choke and
gradually increased to a 36/64" adjustable choke with flow diverted via the steam
heat exchanger and test separator and out to the burners.

The well was then diverted to a 32/64” fixed choke for the remainder of the main
flow period. An oil rate of around 500 m*/d was achieved on a 32/64” fixed choke at
a GOR of around 160Sm*/Sm?”.

Four sets of pressurised separator samples were collected (PVT). One set was taken
early in the flow period through the separator and 3 more sets were taken towards the
end of the flow period. The well was shut in down hole at the tester valve for a 36
hours long main buildup at 21:41 on May 12.

Bottomhole sampling was planned after the main build-up. However, the drawdown
was estimated to be so large that two-phase flow occurred in the bottom part of the
tedtstring. It is then impossible to obtain representative samples, and hence,
bottomhole sampling was cancelled.

After the main build-up a mini-frac program was carried out. The string was filled
with 1.1 SG brine, pressure up the annulus to open the downhole tester valve and 4.4
m® was pumped in four cycles. The well was thereafter killed and permanently
plugged and abandoned.

A summary of the main events in the test is found in Table 7-5, and main production
datain Table 7-6. Plots of key bottomhole and surface data are presented in Figure
7-1 and Figure 7-2. Ligtings of main production data and trace element
measurements are found in Appendix 12.7.

Event Start Duration
(date& duration) | (hrs:min)
Perforating 11.05.0510:13 -
Initial flow 11.05.0510:14 2:17

Initial build-up | 11.05.0512:31 9:00
Main flow 11.05.05 21:42 23:59
Main build-up 12.05.05 21:41 35:47
Minifrac 14.05.05 12:16 5:13

Table 7-5: Main DST events



E& P Divison
Petrophysics/Formation Testing
Well 35/11-13 Page: 54 of 110

HYD H [] Formation Evaluation Report Date: 24.07.06
Rev.: Fina

Parameter Main flow
(12/5 21:40)
Choke size (inch) 32/64
Gas rate, gy (Sm’/d) 79270
Qil rate, o (Sm*/d) 497
GCR (Sm’/ Snr) 159
Water rate, g, (Sm*/d) 0
BHP (bar) spartex # 20398 286.5
BHT (°C) spartek # 20398 117.4
WHP (bar) 934
WHT (°C) 20.9
Psep (bar) 20.6
Tep (°C) 54.8
H>S (ppm) 2.2
CO, (%) 5.2

Gas gravity, r g (air = 1) 0.73

Oil density at 15 °C, r , (g/cm?)
BSW (%) 0
Sand production — (kg/d) (Sandec) 0

Table 7-6: Key production figures (main flow)

Pressure History
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Figure 7-1: Bottomhole pressure and temperature
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Figure 7-2: Oil rateand GOR
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7.3 Test interpretation
This chapter contains test interpretation of DST #1, which includes the memory
gauge evaluation, the estimation of initial reservoir pressure and analytical test
analysis of the reservoir response. Interpret 2003 test interpretation package was used
for the analysis. An overview of the test is presented in Figure 7-3.
Pressure History
12-mai 00:00 Ela::é::L::;l)Dl)a[e) 14-mai 00:00
Figure 7-3: Qil rateand bottomhole pressure
7.3.1 Pressure Gauge Evaluation

Four memory gauges were run in a gauge carrier. Both Spartek gauges worked fine
throughout the test while the two Metrolog gauges failed. The Spartek gauges were
compared and the result is shown in Figure 7-4. The pressure gauge no. 20397 is
used as the base line in the figure. There is only a small shift from build-up to flow
periods, which can be explained by friction loss. In each flow period the pressure
difference is constant. Both gauges are therefore considered good. The pressure
gauge 20397 was selected for the analysis as it was programmed to take pressure
readings at a higher frequency than 20398.

ure Difference - 20397

mai
ime (Date)

Figure 7-4: Gauge comparison - #20397 and #20398 (r ef. gauge is #20398)
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Analytical Test Interpretation

The rate history and the bottomhole pressures are given in Figure 7-3. The rate
history was prepared using the separator data and is shown in Table 7-7: . Rate data
is not available in the early part of the flow period when the separator is bypassed.
For these periodsthe rate was estimated using a Pl technique.

Start date/time: 08 may 2005 00:00:00

Start time

End time

Duration
(hrs)

Oil rate, qo
(Sm*/d)

[ —

08/05/05 00:00:00

11/05/05 10:13:26

82.2239

0

11/05/05 10:13:26

11/05/05 10:31:52

0.3073

75

11/05/05 10:31:52

11/05/05 10:48:33

0.2779

130

11/05/05 10:48:33

11/05/05 11:19:53

0.5223

220

11/05/05 11:19:53

11/05/05 11:38:38

0.3124

300

11/05/05 11:38:38

11/05/05 11:46:19

0.1282

500

11/05/05 11:46:19

11/05/05 12:32:17

0.7656

750

11/05/05 12:32:17

11/05/05 21:31:15

8.9830

2
3
4
5
6
7
8
9

11/05/05 21:31:15

11/05/05 21:31:49

0.0097

11/05/05 21:31:49

11/05/05 21:44:12

0.2064

11/05/05 21:44:12

11/05/05 21:45:44

0.0256

11/05/05 21:45:44

11/05/05 21:55:27

0.1619

11/05/05 21:55:27

11/05/05 22:03:26

0.1330

11/05/05 22:03:26

11/05/05 22:10:34

0.1191

11/05/05 22:10:34

11/05/05 23:28:24

1.2971

11/05/05 23:28:24

11/05/05 23:44:01

0.2603

11/05/05 23:44:01

11/05/05 23:49:22

0.0892

11/05/05 23:49:22

12/05/05 21:41:57

21.8757

12/05/05 21:41:57

14/05/05 11:56:46

38.2477

14/05/05 11:56:46

Table7-7: Oil ratehistory

16/05/05 11:10:50

47.2344

In the log-log plot of the initial build-up (Figure 7-5) three periods can be observed.
It begins with a short wellbore storage period, which is followed by a radial flow
period that last for approximately 2.5 log cycle. Finally the build-up is influenced by
no-flow boundaries.

In the log-log plot of main build-up (Figure 7-6) the flat part of the derivative is
partly disappeared; the permeability closer to the wellbore is decreasing. This is
believed to be caused by gas coming out of solution resulting in two-phase flow. We
also see that the boundary effect at the end is more dominant. The derivative flattens
at the same level giving the same kh-product for both build-ups (Figure 7-7).
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Figure 7-5: Diagnostic log-log plot of initial build-up
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Figure 7-6: Diagnostic log-log plot of main build-up
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Figure 7-7: Log-log comparison between initial and main build-up
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The main build-up is analyzed (Figure 7-8, Figure 7-9 and Figure 7-10) with aradial

composite model with reduced propertiesin closest to the well in order to reflect the

relative permeability effect due to two phase flow. A 10 m radius with a kh, which

equals 60% of the reservoir kh, was introduced. Infinite acting radial flow is taken at

the flat part of the derivative (Figure 7-8). The lower flat part of the radial flow

period gives a permeability thickness of 1880 mDm and a permeability of 105 mD

when using the net pay thickness between the shale barriers for height. The input
parameters for the test interpretation are presented in Table 7-8.

The late time period of the main build-up was used for modeling reservoir geometry.
The reservoir response can be modeled using an opened ended rectangle (distances
100, 180 and 290m). The simulated bottom hole pressure using this model is shown
together with the measured bottom hole pressures in Figure 7-10.The simulated
pressures agree fairly well with the observed bottom hole pressures. It should
however be kept in mind that this is arough model of the reservoir only and that
similar models like parallel boundaries/intersecting boundaries also give simulated
bottom hole pressures which fit the observed data reasonably well. The analysis
shows that the well is in areservoir with flow restrictions but with no depletion. The
main results are presented in Table 7-9.

Parameter Value
Porosity, f (fraction) 0.195
Net pay, h (m) 17.9
Well radius, r, (m) 0.108
Qil formation factor, B, (rm’/Sm") 1.58
Oil viscosity, m, (cp) 0.29
Total compressibility, c; (bar™) 0.00023

Table 7-8: Input parameters

Parameter

Initial reservoir pressure, P, (bar) @ 3081.3 m
MD RKB,

Well flowing pressure, P, (bar) [gauge # 20397]
Permeability thickness product, kh (mDm)
Permeability, k (mD)

Skin, s

Inner radius (m)

Permeability in inner radius (mD)

Distance to first no-flow boundary, d; (m)
Distance to second no-flow boundary, d, (m)
Distance to third no-flow boundary, ds; (m)
Radius of investigation, r; (m)

Pressure drop due to skin, Dps (bar)

Table 7-9: Main results from test inter pretation
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Figure 7-8: Log-log match of the main build-up

Horner Match - Flow Period 19
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Figure 7-9: Superposition plot match of main build-up
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Figure 7-10: Simulation plot of the whole test
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7.3.3

I nitial Reservoir Pressure

Normally the initial pressure can be defined accurately by extrapolating the
superposition datain theinitial build-up to infinite time. Due to the complex no-flow
boundary system, the initial pressure will then be somewhat underestimated.
Therefore the value of initial pressure defined in the test interpretation is used.

The initial pressure is estimated for both the pressure gauges 20397 and 20398. The
extrapolation gives the same value for the initial pressure: 312.7 bar @ 3056.3m
MSL. A Horner plot of the initial build-up is shown in Figure 7-11.

Extrapolation of the initial pressure from the DST, using the pressure gradient from
the MDT measurements, 0.064 bar/m, gives a pressure of 314.6 bar at top
perforation, 3086.5m MSL. This compares well with the MDT pressure data a the
same depth which is 314.7 bar.

The initial flow had duration of approximately 2.25 hrs, and the following build-up
lasted for 9 hrs. The completion fluid (base oil and brine) was produced out of the
well during this flow period. Therefore the well was full of oil, and hence, there is
little uncertainty when extrapolating from the gauges to the perforations.
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Figure 7-11: Horner plot of theinitial build-up
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8 Formation Temperature | nter pretation

The temperature data was recorded both during wireline logging (Table 8-1),
sampling with the MDT (Table 8-2) and the in the DST (Figure 8-1). The logging
temperatures is not unexpected lower than for the DST. Hence, temperature data
fromthe DST gives the best basis for estimation of the reservoir temperature.

Depth
(m MD RKB)

Temperature
(°C)

3295

100

3206

105

3230

105

3158

110

3151

112

Table 8-1: Well temperaturesfrom wireline logging

Depth
(m MD RKB)

Temperature
(°C)

Comments

3097

105.8

Sampling

3107

106.8

Sampling

3128

108.5

Sampling

3135

109.9

Scanning

3136

110.6

Scanning

3137

109.5

Scanning

3157.5

1114

Sampling

Table 8-2: Well temperaturesfrom MDT sampling

In Figure 8-1 the temperatures from the two working bottom hole gauges are
presented. The two temperature gauges have almost identical (0.04 °C difference)
temperature readings. During flowing, the maximum recorded temperature was 117.6
°C but the temperature was still increasing when the well was shut-in for the main
build-up. The reservoir temperature is estimated to be between 118 and 120 °C. The
vertical temperature gradient in the tubing while flowing is uncertain but is believed
to be small. Hence, the temperature readings have a reference depth of 3081m MD
RKB, which isin the middle of the perforated interval.
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Temperature History Comparison
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Figure 8-1: Bottomhole temper aturesrecorded in the DST
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9 Mini Fracture Test

After the production test in well 35/11-13, a mini-frac test was performed. The mini-
frac test was conducted with 1.1 g/cc brine in the tubing. The mini-frac was
completed with six cycles at 80 I/m, 100 I/m, 115 I/m and 360 I/m, respectively. A
plot of the bottomhole pressures plots during the mini-frac can be seen in Figure 9-1.

Cycle #6

pRevvew|
*
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*
b4 ;
.
500 ;7 4 3 *
.
'y
—~ Cycle #2 * °
g / . "
o .
5
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[}
o
o
400 :
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‘ .
*
300
0 100 200 300 400

Time (min)

Figure 9-1: Bottomhole pressuresfor all minifrac cycles

9.1.1 Cycle #1 and cycle#2

From Figure 9-2 and Figure 9-3 it is clear that no real fractures are created during
these cycles, although the injected volumes are quite high. However due to the
relative high permeability and the low rate, all the injected fluid are believed to be
injected into the matrix. The rates for these two tests are 80 I/min and 100 I/min
respectively. From Figure 9-8 it is clearly that the increase in pressure vs. volume
from cycle #1 and #2 are almost identical (same slope of both curves)
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Figure 9-2: Bottomhole pressure during mini-frac cycle no.1 (80 I/min)
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Figure 9-3: Bottomhole pressure during mini-frac cycle no. 2 ( 100 I/m)
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9.1.2 Cycle#3

This cycle is a high rate test. From Figure 9-4 it is clear that fractures are created
during this test. The rate is not known, but assumed to be equal to the rate used in

cycle #6 (360 I/min). The fracture propagation pressure (FPP) is 562 bar at thisrate.

600
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. N
7 ¥
300
200 210 220
Time (min)
Figure 9-4: Bottomhole pressure during mini-frac cycle no. 3
9.1.3 Cycle#4
This cycle is carried out using 115 I/min, and also here there is evidence that
fractures are created (see Figure 9-5), and the pressure stabilizes at 531 bars at this
rate.
9.1.4 Cycle#5

This cycle is carried out using 100 I/min, and also here there is evidence that
fractures are created (see Figure 9-6), and the pressure stabilizes at 522 bars at this

rate.
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Figure 9-5: Bottomhole pressure during mini-frac cycle no.4 (115 I/m)
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Figure 9-6: Bottomhole pressure during mini-frac cycle no.5 (100 I/m)
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9.15 Cycle#6
Thisis asecond high rate test using 360 I/min. and the pressure stabilizes at 548 bars
a thisrate.
600
f-"‘
500 f 3
< . t
g : ‘
: Y
: : \
400 : \
d‘ ;
300
300 310 320 330
Time (min)

Figure 9-7: Bottomhole pressur e during mini-frac cycle no. 6 (360 1/m)

9.1.6  Pressuresduring pump up
A comparison of the pressure build up during the cycles #3 - #6 is seen on Figure
9-8. It is evident that the pressure builds up at an almost constant rate during these

tedts, although using different rates (100-360 I/min).
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Figure 9-8: Bottomhole pressur e build-up during pumping

9.1.7 Pressureduring fall off

Due to the high permeability the pressure rapidly decreases to hydrostatic pressure
during shut in. Due to this rapid decrease no further interpretation of the
instantaneous shut-in pressure (ISIP), which in terms equals the minimum horizontal
stress, has been carried out.

9.1.8 In-Situ stressdeter mination
The minimum horizontal stress at the depth cannot be determined from the shut-in
period, dueto the highly permeable formation.

Fracture propagation pressure for zero rate is determined to be approx. 514 bars
using linear regression of the above rates and FPP.
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Fluid Analysis and Results

Laboratory measurements have been performed on both the MDT (gas, oil and
water) and DST (oil) fluid samples from well 35/11-13. The results are discussed in
the following sub-chapters. In addition, quicklook analyses on MDT and DST
samples were performed offshore, which are also reported below.

Offshore Analysis Results

Offshore Analysis Results of MDT samples

Two MDT samples were analysed offshore by Oilphase (Ref./6/); one which was
taken at 3097m MD RKB and one which was taken at 3107m MD RKB. Both
samples were captured in large sampling container, i.e. 1 gallon and 2 % gallon
chambers, respectively. The analyses were done as a part of the transfer operation to
proper storage bottles. The results of the analysis are listed in Table 10-1.

Formation Formation Oil Density
Depth (g/ce)
Oxfordian | 3097mMD RKB 0.789 @ 14.9°C
Oxfordian | 3107mMD RKB 0.848 @ 14.3°C

Table 10-1: Quicklook offshore analysisof MDT samples

The two samples had also a very different colour and appearance. Picture of the two
samples from 3097m and 3107m can be seen in Figure 6-1 and Figure 6-2,
respectively.

Offshore Analysis Results of DST samples

During the production test well 35/11-13, Petrotech (Ref./8/) performed offshore
analysis of the gas, oil and water collected. The samples were taken from the
separator outlet lines. In Table 10-2 to Table 10-4 below, a summary of the offshore
analysisresults from the DST samplesisgiven.

Parameter
Gas gravity (SG Air=1)

H2S (ppm)
CO; (vol%)

Table 10-2: Offshore analysisresults of DST gas sample

Par ameter Result
Density (g/cc @ 15 deg.C) | 0.851

Table 10-3: Offshore analysisresults of DST oil sample
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Par ameter

pH
Total alkalinity (mg/l)
Dissolved CO, (mg/l)

Chloride (mg/l)

Resistivity (Ohm-m @ 20deg.C)
Density (g/cc)

Sulphate (mg/l)

Ba/Sr (mg/l)

Table 10-4: Offshore analysisresults of DST water sample

Onshore Analysis Results

The onshore laboratory analyses were performed by ResLab (Ref./9/). The most
representative sample from the gas zone is the single phase MDT sample captured in
bottle SPMC #103. This sample was collected after about 7500 sec with clean-up,
and the temperature was exhibiting a semi steady state behavior, see Figure 6-7. The
most representative oil sample isthe 3rd PVT set collected during the DST test. The
quality check done on the four PVT sets indicates that the 3rd PVT set gives best
consistency of the data. For more details, reference is made to Ref./9/.

The following PVT analyses have been performed:

Number of
samples

Quality check of separator oils 4
Quality check of separator gases 8
Composition analysis of separator gas 8
Single stage separation of separator il including
compositional analyses of stock tank gas and ail. 4
ClO+/ Cao+

Physical recombination of reservoir fluid

Analysis

Constant mass expansion of reservoir fluid at
reservoir temperature

Single stage separation of reservoir fluid including
compositional analyses of stock tank gas and
condensate. C15"/Csp"

Differential liberation of reservoir fluid at reservoir

temperature.

Viscosity of reservoir fluid at reservoir
temperature.

Two stage separator test.

Table 10-5: List of PVT analysesperformed on DST samples from well 35/11-13
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The analyses have been performed at reservoir temperature, i.e. 118 °C. A summary
of the measured main fluid properties and fluid composition are given in Table 10-6
to Table 10-10 below.

Main results of gas cap gas
P @T, 308.0 Bar
GCR gas cap 4800 Sm’/Sm®

Condensate dropout 4.1%
Gas gravity 0.991 kg/Sm®
Gas gravity, solution gas

Table10-6: Main PVT results of gas analyses from gas cap

| sotherm. compr. at Viscosity at Py,
Py (mPas)

0.289

Table 10-7: Constant mass expansion and viscosity of separator oil sample

Density of Stock M olecular Density at Py
Tank Oil weight of oil kg/m®

kg/m®

851.7 218.5 653.0

856.2 228.6 648.0

848.1 212.8 654.0

Table10-8: Main PVT propertiesof separator oil sample

SF = Single stage separation

DL =  Differentia Liberation

Standard condition:

Gassamples: 15 °C and 1.01325 bar = 1 atm

Oil samples : 15 °C and laboratory atmospheric pressure

The accuracy of the measurements has been defined to be:

§ Determination of dew point pressure.
o Estimated accuracy of bubble point pressure determination: +/- 2 bar

0 Pressurereadings: +/- 1 bar
0 Resolution, pressurereadings. 0.1 bar
0 Temperature readings. +/-0.5°C
0 Resolution temperature readings: 0.1 °C

§ Volume readings: +-1%

§ GasOil Ratio: +-1%

§ Pycnometer Density of reservoir fluid: Est. accuracy: +/- 1 %
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It should be noted that the bubble point, P,, and dew point, Py, are slightly lower than
the reservoir pressure, consistent with the reservoir being at saturation pressure at the
gas oil contact 3073m TVD MSL (3099m MD RKB).

Composition of reservoir fluid
COMPONENT Mole% | Weight % | Molar | Density
Weight | kg/m®
Nitrogen 0.286 0.325 28.02 | 804.0
Carbon Dioxide 3.740 6.672 44,01 | 809.0
Hydrogen Sulphide | 0.000 0.000
Methane 80.102 | 52.091 | 16.04 | 300.0
Ethane 5.926 7.224 30.07 | 356.7
Propane 3.463 6.190 44.09 | 506.7
iso-Butane 0.424 0.998 58.12 | 562.1
n-Butane 1.235 2911 58.12 | 583.1
Neopentane 0.004 0.012 72.15 | 597.0
iso-Pentane 0.355 1.038 72.15 | 623.3
n-Pentane 0.490 1.434 72.15 | 629.9
Hexanes, Cs total | 0.529 1.818 84.7 | 667.5
n-Hexane 0.249 0.870 86.2 | 662.7
iso-Paraffins 0.233 0.813 86.2 | 660.7
Naphtenes 0.048 0.136 70.1 | 7481
Heptanes, C; total | 0.822 3.011 90.4 | 743.0
n-Heptane 0.159 0.647 100.2 | 686.9
iso-Paraffins 0.162 0.657 100.2 | 690.2
Naphtenes 0.390 1.355 85.8 | 769.9
Aromatics 0.111 0.352 78.1 | 883.1
Octanes, Cg total 0.733 3.096 104.2 | 767.2
n-Octane 0.110 0.508 114.2 | 707.0
iso-Paraffins 0.089 0.414 114.7 | 706.7
Naphtenes 0.378 1.593 1039 | 7715
Aromatics 0.156 0.581 92.1 | 8720
Nonanes, Cy total | 0.429 2.071 1190 | 7777
n-Nonane 0.097 0.502 128.3 | 723.0
iso-Paraffins 0.094 0.490 128.2 | 723.6
Naphtenes 0.100 0.484 119.0 | 793.8
Aromatics 0.138 0.595 106.2 | 872.8
Decanes plus, Cio" | 1.462 11.110 187 822
Sum 100.000 | 100.000

Table 10-9: Composition of MDT gas sample, bottle 9283-M A
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COMPONENT Mole% [Weight %

Nitrogen 0.117 0.037
Carbon Dioxide 3.132 1.557
Hydrogen Sulphide 0 0
Methane 49.624 8.995
Ethane 5.842 1.985
Propane 4.3 2.142
iso-Butane 0.63 0.414
n-Butane 2.015 1.323
Neopentane 0.008 0.007
iso-Pentane 0.696 0.568
n-Pentane 1.035 0.844
Hexanes, Cg total 1.459 1.395
n-Hexane 0.708 0.689
i so-Paraffins 0.606 0.59
Naphtenes 0.146 0.115
Heptanes, C; total | 3.126 3.17
n-Heptane 0.575 0.651
iso-Paraffins 0.545 0.617
Naphtenes 1.522 1.475
Aromatics 0.484 0.427
Octanes, C;s tota 3.555 4.148
n-Octane 0.472 0.609
iso-Paraffins 0.368 0.478
Naphtenes 1.783 2.091
Aromatics 0.932 0.97
Nonanes, Cqy total 2.212 2.937
n-Nonane 0.428 0.621
iso-Paraffins 0.416 0.602
Naphtenes 0.518 0.694
Aromatics 0.85 1.02
Decanes plus, Cy," | 22.249 | 70.481
Sum 100 100

Table 10-10: Composition of recombined oil sample, bottle TS-11518 & A-1802

10.3 Formation Water Analysis

Petrotech performed validity checks and analysis on a water sample collected with
the MDT. Petrotech performed the following analyses:

Contamination analysis

pH at reservoir conditions
Resistivity at reservoir conditions
Density at reservoir conditions

wn W W W
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GWR of flashed sample

pH / Alkalinity
Aniong/cations/organic acids
Conductivity

Density at standard conditions
Suspended solids

TDS

wn W W W W W W

In addition, Analytica, BTEX, performed the following analyses:

§ Organic acids (Analytica)
§ BTEX (Analytica)
§ Sr87/ Sr86 (IFE)

The bottle selected for the analyses, was the MDT bottle MPSR #930 (transfer bottle
no. 6840-MA). By comparing the mud filtrate ions and the formation water ions, it
was found that the formation water sample was contaminated with 9% mud filtrate.
(The estimated value from the MDT-log was ~5%). A water sample under 10% mud
filtrate contamination is regarded to be of good quality and the corrected synthetic
formation water should be representative.

The following main results of the Petrotech analyses are valid (Table 10-11):

Component Formation
(mgl/l) water
Cl 7721
SO, 0"

Br 35

Li 3

Na 5376

K 1443
Mg 14

Ca 157

Sr

Ba

SCN
Acetate
Formate

Table10-11: Main formation water analysisresults

*) Assume no sulphate in the formation water. Some sulphur has precipitated with
barium
**) Assume that some barium has precipitated with sulphate
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The above results are from the analysis on the flashed water sample. The corrected
Water Formation Sample assumes that some barium has precipitated with sulphate.
The formation sample has been corrected for the 9% contamination. After correcting
for the mud filtrate contamination, the resistivity and density versus temperature was
calculated, see Table 10-12.

Temperature
°C

Resistivity
Wm

Density
o/ml

20

0.2294

1.00814

112

0.0848

0.97281

115

0.0741

0.96992

120

0.0623

0.96577

Table 10-12: Synthetic for mation water resistively and density vs. temperature

The GWR was measured to 4.3 Sm*/Sm?® at 21.5 °C. Analytica (Ref./10/) measured
organic acids (Table 10-13) and BTEX (Table 10-14) on the water sample. The result
from the | FE ®'Sr/%°Sr measurement was 0.714 (Ref. /10/).

Component

Content
(mg/L)

Formate

<5

Acetate

247

Propionate

20

Butyrate

<7/

Valerate

<6

Table 10-13: Organic acidsin the formation water

Component

Content

(my/L)

Benzene

610

Toluene

280

Etylbenzene

6.5

m/p Xylene

24

O -Xylene

18

Table 10-14: BTEX for theformation water

Page: 76 of 110
Date: 24.07.06
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Refer ences

Ref./1/
Ref./2/
Ref./3/
Ref./4/
Ref./5/

Ref./6/
Ref./7/

Ref./8/
Ref./9/

Ref./10/

Ref./11/

Well “programme 35/11-13, Astero”, Hydro, 25.01.2005

“Final Well Report, Well 35/11-13", Norsk Hydro ASA.

“Conventional Core Analysis, Well 35/11-13", ResLab, 17.08.2005

“Core Photographs 35/11-13, White and UV light”, ResLab, 2005
“Standard Core Description, Well 35/11-13", Hydro Research Centre
Bergen, 2005

"Field Operation Report, Well 35/11-13", Oilphase, May 2005.

“Modular Formation Dynamics Tester - Field Report”, Schlumberger, May
2005.

"Well 35/11-13, PVT Sampling and Trace Analysis', Petrotech, May 2005.
"PVT Analysis of reservoir oil from recombined separator sample, well
35/11-13, Adtero field", Reservoir Laboratories AS, September 2005.
"Validity checks and analyses of MDT water samples’, Petrotech,
September 2005.

"Down Hole & Surface Data Acquisition”, PWS-31-O-RP-001, Power
Well Services, June 2005.
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12 Appendices

In the following chapters operational details of well 35/11-13 can be found.

12.1 General Well Data

Well name: 35/11-13

Drilling operator name: Norsk Hydro Produksjon

AS
Geodetic datum: ED50
Coordinates: 61° 9" 44.10°" N 3° 327 21.40°"
UTM coordinates: 6781140.46 N 529019.63 E
UTM zone: 31
Drilled in production
licence: 090
Area: NORTH SEA
Drill permit: 1092-L
Drilling facility: DEEPSEA TRYM
Drilling days: 57
Wellbore entry date: 18.03.2005
Wellbore completion date: 13.05.2005
Original wellbore purpose: WILDCAT
Wellbore purpose: WILDCAT
Wellbore status: P&A
Wellbore contents: OIL/GAS
Discovery wellbore: YES
Seismic location: MN92001R03:inline934, crossline 976
Kelly bushing elevation o5
(KB) [m]:
Water depth [m]: 388
Total depth (MD) [m]: 3266
Deepest penetrated age: LATE JURASSIC

Last updated by NPD: 18.05.2005
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12.2 MDT Sampling Configurations - Run 1B

DOWNHOLE EQUIPMENT

LEH-QTECRD
LER.QT 1362

ACTS-BI
ACTIA

nn

032
TCG

TCC-BF
ECHHC 1149

SGT-L Gamma Ray
SGHK
SGC-EA 147

MRPC 227
MRRC-CA 227

110
__us

s 2819

TelStatus

8GT
651
M5

MRMS_2 82

BOTT_G-A4 111
BOTT_5-A4 872

%0

w J[ )3 o

MRPC-CA

BOTT_4-A4 870
BOTT_3-A4 148
BOTT_2-A4 123
BOTT_1-AA T3
hRMS _2-CA 82

MRMS_1 80
BOTT_6-44 150
BOTT_S-A4 971
BOTT_4-A4 950
BOTT_3-A4 121
BOTT_2-A4 103
BOTT_{1-A4 768
NRMS_1-C4 90

MRSC_02172
1_GALGA 172

Ms2 05

na MRMS-AA | MRMS_2)

=) -

st =) 1652

MRMS-A4 (MRMS_1)
16.85

52 1486

MRSC_01100
275 G- 100

ol MRSC-BE H25 1 gal (MRSC 2

5C1 _nmn

CGA 9004
WRFA-GA 5004

1220
MRSC-BE H2S 1 gal (MRSG_1)

FA-GA, 10z

MRPO_UD 147

MRPOLD-DU-AA 147
MRPOUD-CA 147

1086

MRPO-CA TW

FOUD 1

P e w00 OO =

LFABITY
WRFA-EA 8117

142

FA-BA

2 i MRHY-BA TW

] L

MREA_1-A& 18
NREA_1-8A16

MRHY_1127
WRHY 184127

C . I CHI0H L -

H#

MRPS_1133 B

WRPS1DaZ133  PE-GGHVIF
PSIRES

Tengion PS1

B | MRPS-DA COG (MRPS_1)

TOOL ZERD

o

TOOL BOTTOM

MAXMM STRIMG DIAMETER 5.00 I
MEASUREMENTS RELATIVE TO TOOL ZERD
ALL LEMGTHS INMETERS

Figure 12-1: MDT -configuration used during sampling run 2A
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Well 35/11-13

Sampling Summary of theMDT run 1B (from Schlumberger)
Sample DLIS Depth Formation Fluid P(form)

P(hyd)  Mobility Cleanup (I/mns) Temp(form) Temp(hyd)

[1] 143 3097  Gad/Oil 313.72 393101 252.7

[2] 146 3107 Qil 314.39 394.442 423.3 125L 107.4degC  107.7degC

[3] 149 3128  Oil 315.76 396.870 3418 52L 108.68 degC

[4] 153 3135 Scanning 316.19 397.665 12.2 109.8degC  110degC (operation aborted)

[5] 156 31575 Water 318.177 400.481 789  63L 109.8degC  110.4degC

[6] 159 3135 Scanning 316.195 397.659 11.6 24 L/79min 109.9degC  110.6degC

[7] 163 3137 Scanning 316.268 397.968 36.6 43 L/84min 110.6degC  110.7degC

[8] 170 3136 Scanning 316.171 395518 17.5 22 L/72min 109.5degC  110.0degC
Open Max. Shut-in OCM

ETIM Temp Drawdown Pressure Predicted GOR

Chamber-Serial(s) (degC) (bar) (bar) Contam.(%)  (sm*/sm°)

1(a) MRMS2 MPSR-1 #73 104.96 4 588 13% 2170

1(b) MRMS2 SPMC-2 #123 104.96 4 588 9% 2170

1(c) MRMS1 SPMC-2 #103 105.1 4 588 9% 2170 (Back up ring had been cut by the

upper sleeve. Sample leaking out of bottle.)

1(d) MRSC-2 #172 105.13 1.7 588 7.4% 2170

1(eMRMS1 MPSR-5 #971 105.3 1.6 588 6.4% 2170

[2a] MRM S2 MPSR-5 #972 106.8 588 N/A

[2b] MRMS2 SPMC-3 #148 106.89 588 N/A

[2c] MRSC-1 #100 107.0 588 N/A 137 m/m®

[2d] MRMS1 SPMC-3#121 107 588 N/A 137 m¥/m®
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Open Max. Shut-in  OCM
ETIM Temp Drawdown Pressure Predicted
Chamber-Serial(s) (degC) (bar) (bar) Contam.(%)
[3a] MRMS2 MPSR-4 #970 108.6 590Bar 2.5%
[3b] MRMS2 SPMC-6 #111 108.6 590 Bar 25%
[5a] MRM S1 MPSR-4 #930 111.71 13Bar 589Bar 5%
[5b] MRMS1 SPMC-6 #150 111.71 13Bar 589Bar 4%

MRMS Bottle Dead Volume

* Hydrocarbon Samples - Dead volume filled with Distilled water
* Water Samples - Dead volume filled with Air

GOR
(sm’/sm°)

144 m*/m®
144 m*/m®

n/a
n/a
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12.4  Real-time LFA/CFA plotsfrom the different HC sampling interval (Schlumber ger)

124.1 309/m MD RKB

11-May-2005 13:25
Qutput DLIS Files
DEFAULT MDT_OFA_202PTP FH:12 PRODUCER 13-May-2005 11:00 3097.0 M 33.6M

Elapsed
Time (s} Event Summary
13136.7 Retract Single Probe Module (MRPS) 1
13038.6 Vert Pretest 8.7 cc @ 60 C3/M Single Probe Module {(MRPS) 1
12927.3 Pumping Stopped 35685.0 C3 Dual Up-down Pumpout Module {MRPOUD)
12627.9 Seal Multi-Sample Module {MRMS) 1, hottle 5
12265.2 Open Multi-Sample Module (MRMS) 1, bottle 5, sample number = 4
11594.4 Seal Sample Chamber Module 2 {1 Gallon, H25)
10051.2 Open Sample Chamber Module 2 {1 Gallon, H25), sample number = 1
T505.1 Pump Out Started Dual Up-down Pumpout Module (MRPOUD)
T409.7 Pumping Stopped 45045.0 C3 Dual Up-down Pumpout Module {MRPOUD)
T305.6 Seal Multi-Sample Module {MRMS) 1, hottle 2
T113.9 Open Multi-Sample Module (MRMS) 1, bottle 2, sample number = 3
65721 Seal Multi-Sample Module {MRMS) 2, hottle 2
64452 Open Multi-Sample Module (MRMS) 2, hottle 2, sample number = 2
42150 Seal Multi-Sample Module (MRMS) 2, hottle 1
40722 Open Multi-Sample Module (MRMS) 2, bottle 1, sample number = 1
31164 Pump Out Started Dual Up-down Pumpout Module (MRPOUD)
30645 Probe Set i@ 3097.0 M Single Probe Module (MRPS) 1
3035.7 Pumping Stopped 23985.0 C3 Dual Up-down Pumpout Module {MRPOUD)
3031.5 Auto Reset Single Probe Module {(MRPS) 1

313.2 Pump Out Started Dual Up-down Pumpout Module (MRPOUD)

160.8 Vert Pretest 20.0 cc @ 60 C3/M Single Probe Module {MRPS) 1

65.4 Probe Set i@ 3097.0 M Single Probe Module (MRPS) 1
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124.2 310/m MD RKB

Input DLIS Files
11-May-2005 13:26
Output DLIS Files
DEFAULT MDT_OFA_203PTP FH:13 PRODUCER 13-May-2005 11:34 3070 M 23.5M
Elapsed
Time (s) Event Summary
Y1446 Retract Single Probe Module (MRPS) 1
$036.3 Vert Pretest 10,9 ¢c¢ @@ 60 C3I/M Single Probe Module (MRPS) 1
39547 Pumping Stepped 1251300 C3 Dual Up-down Pumpout Module {(MRPOUD)
8862.3 Seal Multi-Sample Module (MRMS) 1, bottle 3
8788.5 Open Multi-Sample Module (MRMS) 1, bottle 3, sample number = T
$266.2 Seal Sample Chamber Module 1 {2.75 Gallon, H25)
TH0.6 Open Sample Chamber Module 1 {2.75 Gallon, H2S5), sample number = 2
T111.2 Seal Multi-Sample Module (MRMS) 2, hottle 3
T053.3 Open Multi-Sample Module (MRS} 2, bottle 3, sample number = &
6792.9 Seal Multi-Sample Module (MRMS) 2, hottle 5
6721.2 Open Multi-Sample Module (MRMS) 2, bottle 5, sample number = §
369.9 Pumip Out Started Dual Up-down Pumpout Module {(MRPOUD)
162.0 Vert Pretest 9.9 cc @ 60 C3/M Single Probe Module (MRPS) 1
58.5 Probe Set @ 307.0 M Single Probe Module (MRPS) 1
PIP SUMMARY
E.Time Mark Every 60 5
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Figure 12-3: LFA and CFA plot of the samples capture at 3107m MD RKB
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124.3 3128m MD RKB

Input DLIS Files
11-May-2005 13:26
Output DLIS Files
DEFAULT MDT_OFA_206PTP FH:14 PRODUCER 13-May-2005 11:57 3128.0 M 11.4 M
Elapsed
Time (s) Event Summary
44025 Retract Single Probe Module {MRPS) 1
4305.6 Pumping Stopped 52065.0 C3 Dual Up-down Pumpout Module {MRPOUD)
4097.4 Seal Multi-Sample Module (MEMS) 2, bottle &
40221 Open Multi-Sample Module {MBEMS) 2, bottle é, sample number = 9
3615.0 Seal Multi-Sample Module {MBMS) 2, hottle 4
3536.T Open Multi-Sample Module {(MRMS) 2, bottle 4, sample number = §
391.2 Pump Out Started Dual Up-down Pumpout Module (MRPOUD)
263.T Vert Pretest 10.0 cc @ 60 C3/M Single Probe Module (MRPS) 1
131.4 Vert Pretest 9.9 cc @ 60 C3/M Single Probe Module {(MRPS) 1
52.2 Probe Set @ 3128.0 M Single Probe Module {(MRPS) 1
PIP SUMMARY
mTime Mark Every 60 S5
I
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Figure 12-4: LFA and CFA plot of the samples capture at 3128m MD RKB
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125  Oilphase Sample Listing from MDT Operation

Sample Chamber Chamber | Opening Bottle Sample
Date MDT No. Size Pressure ! Type Type Comments

(co)

28/4-05 n/a n/a n/a Metd Mud sample
Can
1/5-05 MPSR 73 450 224 bar @ | 6286-MA CSB Monophasic
10C
1/5-05 SPMC 123 250 Atm. n/a n/a n/a Leaking bottle, lost
sample

1/5-05 SPMC 103 250 345bar @ | 9283-MA SSB Monophasic
1/5-05 MRSC 172 1 galon ;-L\:th? n/a Glass n/a Flashed offshore
1/5-05 MPSR 971 450 234 ba @ | 4464-EA CSB Monophasic
1/5-05 MPSR 972 450 15;(2); @ | 4753-EA CSB Monophasic
1/5-05 SPMC 148 250 414% %;3 @ | 2149-EA SSB Monophasic
1/5-05 MRSC 100 | 2%agdlon /ﬂrr? n/a Dead ail
1/5-05 MRSC 100 | 2%agdlon Atm. n/a = Dead ail
1/5-05 SPMC 121 250 423 bar @ | 2040-EA g;g Monophasic
1/5-05 MPSR 970 450 16;- :E)ecr: @ | 6949-MA CSB Monophasic
1/5-05 SPMC 111 250 44::LL iecr: @ | 10334-AA SSB Monophasic
2/5-05 MPSR 930 450 4813;: @ | 6840-MA Monophasic
2/5-05 SPMC 150 250 49(:)2)% @ | 1254-EA Monophasic
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12.6 Petrotech Sample Listing from DST Operation

Sample | Petrotech Diate Time DsT Flow Sampling Sample | Volume | Botfle press. Comments
no. bottle no. ng. period point type Barg
101 NA 1103 2005 23500 I Mam Lest e Water L Amm
1.02 PT-X075 | 12052005 | 03:30-04:00 I Iain Test Sem 0d f00cc 11 FVT zat-1
103 A-LB0G | 12052005 | 03:30-04:00 i Main Test Sap Gas L ] VT sat-1
104 0344 12032005 | 03:30-04:00 | Iain Test Sem Gas L 0 FVT sar-1
1.05 NA 12052005 | 10:30-10:33 I Mam Calbration ack 0d X1 0 1Dnem | Miuies stody saple
1.06 NA 12052005 | 10:30 - 11:33 | am Caltbration ack 0d Xl 2010 | Mixies soody sample
107 PT1123 | 120532005 | 12:X0-12:45 i Mam L ot Test Sep. Od 00 cc 12 FT sa-2
1.08 Al%03 110532005 | 12:30-12:50 I Mam (=25 quslat Test Sep. s X1 0 FVT zat-2
108 47644 | 12032005 | 1 5 | Iamn (=25 quilst Test Sep. Gz Xl 0 FVT sa-2
1.10 T5 11518 | 12032005 Iain il oz Test Sap. 0d 5§00 cc 13 FVT sat-3
1.11 A58 1203 Main (25 guilet Tast Sep. Gas il 20 PVT sai-3
1.12 A 1802 1203 Iain 25 quslat Test Sep. Gas i) 0 FT zat-3
1.13 PT 2055 | 120520 Iain il ol Test Sap. 0d 500 cc 13 VT st
1.14 A4 | 12052008 Iain 25 ouslat Test Sep. Gas X1 0 FVT zat-4
1.15 AQlgé | 12032008 Nain 25 ouzlat Test Sep. Gs M1 0 VT a4
1.14 Gep 151 | 12032005 Wain Gas ouzlst Test Sep. Gz 150 e 20 Gechemical 2 1
1.17 PT 124 12052005 Main s gudlet Test Sep. Gz 1alicc 0 Gechemical # 2
1.18 Geg 150 | 12032005 Nain =25 quzlst Test Sep. Gas 150cc il Gechemical 23
1.18 NA 12032005 Iain il ozt Test Sep. Cd 11 Am Flastc Botle
120 MNA 12052005 M il ourlet Test Sep. 0d 11 Am Flaztc Botle
1.21 HA 12052005 Main il outlzt Test Sep. 0d 11 Am Flastc Botle
1.:2 NA 1105.2005 Main il ot Test Sep. 0d 11 Am Flaztc Botle
1.23 NA 12052005 Main il et Test Sep. 0d 11 Am Flastc Botle
1.24 HA 12052005 Main il ourlat Test Sep. Cd 11 Am Ahmirsm Botle
125 NA 1105.2005 Main il ot Test Sep. (.1 11 Am Alminiim Botle
1.24 WA 13052005 Iain il ot Tast Sep. 0d 0.5 Am Ahmnintm Botle
127 WA 12052005 | Main il oulat Test Sep. 0d 03 Am Ahmirzm Batle
1.28 AL | 12052005 | IT00-17:13 1 Maimn Chl oulet Test Sep. Od 1 -4 For Enmilsion stady
122 53084 | 12052005 [ 17:30-1743 1 Main il ottt Tiest Sap. 0d Xl -4 For Crade Aszay
130 M 11052005 230 I Main Wazer ousdet Test Sep. Wter 05l Am
131 NA 11052005 230 i Main Wazer ousdet Test Sep. Water 05l Am
132 WA 1205 2005 2030 1 Mam wanar outlet Test Sap. Water 11 Amm
133 A 11052005 230 | Main Wazer ousdet Test Sep. Wter 11 Am
134 NA 11052005 30 i Main Wazer ousdet Tast Sep. Wter 11 Am
1.35 WA 1205 2005 20030 1 lam wanar gutlat Test Sap. Water 11 Amm
1.36 A 11052005 30 I Iain Wazer ousdet Test Sep. Wter 11 Am
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12.7  Summary of Production and Trace element Data from DST

Date

11.05.05

Table 12-1: Initial Flow - Choke size: 58/64"

Date GOR
Sm3/Sm3

12.05.05 155
158
160
159
159
161
160
160
160
161
160
160
161
161
161
160
160
160
161
160
159

Table 12-2: Production Data, Main Flow - Choke size: 32/64”
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ON-SITE MEASUREMENTS OF CONDENSATE

Client Norsk Hydro
License No. PL090
Formation
Well 35/11-13 Astero
Sample point |Oil outlet Test Separator
Date Time Density Temp Density* Temp
@em) | (©) | (@emd) | ()
2005-05-11 11:48 0.846 16.3 0.847 15
" 12:12 0.842 19.6 0.845 15
" 12:25 0.842 20.7 0.846 15
" 22:00 0.853 19.4 0.856 15
" 23:00 0.870 19.4 0.873 15
2005-05-12 0:00 0.861 19.4 0.864 15
" 1:00 0.856 19.0 0.859 15
" 2:00 0.851 19.6 0.854 15
" 3:00 0.848 21.1 0.852 15
4:00 0.846 20.0 0.850 15
5:00 0.844 19.0 0.847 15
6:00 0.848 18.0 0.850 15
7:00 0.845 19.4 0.848 15
8:00 0.848 20.1 0.852 15
9:00 0.848 20.2 0.852 15
10:30 0.847 19.7 0.850 15
11:00 0.846 20.6 0.850 15
12:00 0.844 22.0 0.849 15
14:00 0.850 19.1 0.853 15
" 15:00 0.841 21.4 0.846 15
" 18:20 0.842 22.5 0.847 15
" 19:00 0.843 20.5 0.847 15
" 20:00 0.845 17.0 0.846 15
" 21:00 0.849 17.3 0.851 15

*Dengity at 15 °C iscalculated.
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ON-SITE MEASUREMENTS OF TRACE ELEMENTSIN GAS
Client Norsk Hydro
License No. |PL090
Formation
Well 35/11-13 Astero
Sample point | Gas outlet Test separator
Date Time Gas Gravity H,S * CO,
Sg Air =1 (ppmv) (vol %)
2005-05-11 11:15 0.0 0.0
! 11:30 0.0 4.0
" 11:35 0.0 4.0
" 11:45 0.0 4,2
! 11:48 0.670
! 12:00 0.0 5.0
! 12:10 0.0 51
! 12:12 0.670
! 12:20 0.0 51
! 12:25 0.670
! 22:00 0.692 0.0 5.0
! 23:00 0.725 1.0 5.0
2005-05-12 0:00 0.726 1.8 6.0
" 1:00 0.724 1.5 5.8
2:00 0.730 2.0 5.5
3:00 0.728 2.0 5.5
4:00 0.728 2.0 5.5
5:00 0.726 2.0 5.5
6:00 0.729 2.0 5.5
7:00 0.729 2.0 5.2
8:00 0.728 2.8 5.0
9:00 0.728 2.0 5.5
10:00 Meter Factor
10:35 0.727 2/ (5 by Maask) 5.0
11:00 0.730 2/(4 by Maask) 5.0
12:00 0.730 2.2 5.0
14.00 0.730 2.4 5.0
15:00 0.734 2.3 52
18:20 0.738 2.5 5.0
19:00 0.728 2.5 5.0
20:00 0.730 2.2 5.3
21:00 0.730 2.5 5.2
* In case of temperatures between 0°C and 10 °C, the H2S reading has to be multiplied by 1.5.
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12.8 “Seguence of Events’

The section is divided into two parts: 12.8.1, Wire line Logging and 12.8.2, Well
Test Operations.

12.8.1 8%" WirelinelLogging
The Sequence of Events is based on Schlumberger SOE.

COMPANY: Hydro ASA
WELL: 351113
FIELD: Astero
MDT-GR
Schlumbergep Modular Dynamic Tester
Pressure Test- Sampling - Scanning
horn S2a Ekv: KE.25.0m
E‘ g " hiarwagian Sachor G -381.7 m
PR
§ - 5 | UTME 8 781 138.0mN, UTME 529 018.4mE D.F 25.0m
B2 s B
&< & AT 2 Peymnanant Datum; MSL Ekv: 0.0m
= | Lag Maasurad From: OF 25.0m aoowa Parm. Datum
_ Diiling Maasumd From: | OF
w E E u :{'ﬂ.lﬂ'tl'r': Mz Deviation Latitsda L-:ll'l;ltl.l:E'
= B 5 E 3 |nomway 205089 FITAPE | 81" 07 4L05W
Lugging Date L2W200E
Feun Rumoar =
Taptn Drilar 2aLEm
SZHIIW':EF?E'T Daipth 33040m
Etiom Log Int=rval 05,6 m
Tag Lag Inker al 7. 0m
Caging Driling Size |5 oot | 9.530n | 2o24.em
Ciasing Schilumis gyar 3304.0m
Eil Siza 250N
T"r':l':" Fluiid iin Haoks KCL
L nsity Visg sl 0.78 gloe 54000 o
mud [AidLoss  |PH 2.00mi 240
Soure of Samipks ML Pit
FN T Massurad Temperalue | 0.07 200 °C &
EMFE & Messuad Temperalue | 005 ;
FhC o Masswad Temparalue | 021 20.0 °C s
Sourca BMF Sourca RMIC Prass PESs
EM | & MFEY RUF [@wrT ooz | 100:c] o0z 110.0 |
Maximum Fecorded Temos mhras 100 ¢ 110.0 % 110.0 =
Circulation Stoppad Tims=a L2205
Logger On Botlom Tima LIN200E 356
Linit Mummssr | L ation 3802 | NOBD |
Bacoriad Er' Ihah Gi’-;ﬁ'ﬂ argChing s Pawaanawsl
Witnassad By Miika Hendarsen/hiagna Tilung
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23-April-2005

14:30
15:15
16:15
18:20

Crews arrived rig.

Safety trip onrig.

Start to locate Schlumberger equipment and power up unit
Meeting with crane operator.

24-April-2005

07:00

07:30

09:30
09:45
13:00
16:00
17:00
17:30
18:30

Cable checked during night, some bad insulation in trolex plug (500
Mohms). New rope socket made up.

Morning meeting, logging will start earliest at 12:00 Thursday.
MDT container and toolrack reorganized. Spudding the MSCT generator.
Head ready with ECRD weakpoint.

Moving tools around with crane.

Starting to connect MDT tools.

Power up with Appkit 2753 - no go. Troubleshooting done.
Swapped to Appkit 2682 and tools powered up as normally.
Drilling of crew.

Continuing checking MDT tools.

25-April-2005

08:00
14:15
19:00
22:00

Continuing checking MDT tools.

Main MDT toolstring checked, - ok.

Back up MDT tools checked, - ok.

Schlumberger engineer and seismic specialist arriving therig.

26-April-2005

07:00
08:00

11:30

17:30

19:00

Seismic tools checked and started to rig up logging run #1 and #2.

Checking certificate and trying to sort out which maintenance sheet needsto
be delivered to rig.

Going thru Hydro hazard identification sheet.

Problems with MSCT generator, leaking oil and motor brackets damage
during transport. Starting to repair generator with help from rig mechanical.
Ordering new generator and filter from town.

MSCT tool checked with power supply in unit, no core has been cut.

Tool, ok.

Setting up software and going thru logging program.

27-April-2005

07:00
11:00
11:10
13:50
16:30
17:00
19:00

All tools checked.

Fit list for unit and tool house done and delivered to rig office.
Got new parts for generator. Starting to repair the generator.
Starting up generator, - everything looks ok.

MSCT tools checked and a coreis cut.

Troubleshooting on line 8 Fish

Intermittent/open circuit found in safety switch
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28-April-2005

07:00

09:00
15:30
16:00

Building new rope socket and doing atest of cable. Sorting out explosives
and radioactive material.

Rigging up MDT string with booster.

Booster and new MRMS checked in toolstring, - ok.

Preparing MDT hardware.

29-April-2005

08:50

Checked logging tool for run #1 main and measured maximum induced
voltage between lines 1-7 = 13.5V.

30-April-2005

02:30
02:50
03:30
04:00
04:40
04:45
04:55
05:15
05:30
06:20
07:10
07:12
07:20
08:10
08:40
08:43
09:40
09:43
10:15
10:45
11:35
12:25
12:30
13:10
13:20
13:40
13:50
14:10
14:20
15:30
15:40
15:55

17:23
18:00
21:19

Start pre-job meeting on the drill floor.

Start lifting rig-up equipment to the drill floor.

Finish rigging up wireline.

Start rigging up the tools.

Finish rigging up the tools.

Check the tools at surface. Zero the tool on DF.

Lift the sources from radioactive pit.

Finish loading the sources. Start RIH.

Mark RULS @ 100.01m. RULS = 71.89m. Continue RIH.
Start down log File#062. DSI logged in casing.

Stop the log due to OP crash, stream meter go to 7.

Mark RULB @ 2340.01m. RULB = Correct depth at WFDD.
Start down log File#065. DSI logged in casing.

Start down log File#066. Open hole logging.

Tag TD. Tension down = 39001bf, Tension up = .4600Ibf.
Start up log File#67. Main log.

Stop main log. Start RIH for repeat section.

Tool hang up at 2953m. Try to go up and down, couldn't pass.
Inside the casing shoe. Wait for decision from town.

Decide to POOH.

Tool arrive at 170m. Prepare for unloading the radioactive sources.
Finish unloading source.

Rig down toolstring. Preparing for MDT logging run 1A.

Rig down logging run #1 completed. T1=T2=T3=100 degC
Starting to pick up MDT tools from deck.

Rig up MDT.

Testing og tools. Ac main 250/156 and PP 334/0.57 Run Folder PS1
Zero and RIH

Activating compensator and RIH, Toolweight in mub 600 |bs.
At shoe, pick up weight 3400 lbs.

Hang up at 3009 m.

At 3250 m, starting correlation up. Tension 3800 Ibs.

0.6 m shallow.

Taking P-Point at 3183.5m.

Taking P-Point at 3157.5m. (Point #10)

POOH. Pressure survey completed.
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Finish rigging down MDT. Prepare for the 3rd logging run.
Start rigging up V SP.

01-M ay-2005

00:05
09:45
10:00
10:20
11:05
11:25
11:45

11:55
12:00
13:02
13:22
14:00
14:09
14:58
15:15
15:50
16:00
16:08
16:55

17:26
17:30
17:50
18:03
18:15
18:20

19:22
20:04
20:05
20:10
20:16
20:29
20:38
20:44
20:47
20:50
20:58
21:03
21:11
21:18
21:52

Finish rigging up. RIH with VVSP.

Finish laying down V SP. Prepare for the 4th run.

Start lifting MDT to the drill floor.

Start rigging up MDT.

Starting to check MDT tools.

AC main 250/419 and PP 335/0.57

Tool checked and depth set to 29.9 mwith head at drill floor.

Tool weight in mud 2200 Ibs/ACTS 2400 Ibs

At 100 m activating compensator.

RIH with MDT.

Pick up at casing shoe = 50501bf, Run into open hole.

Correlate at 3150 m Pickup weight = 54001 bf.

At Sampling depth 3097m, Start set probe.

Start Pumping.

Pump stopped, reached auto reset pressure, start pump again.
Sample into MRMS2 MPSR #73 at 3097 m

Sample into MRMS2 Slot 2 SPMC #123 at 3097m

Sample MRMS1 into Slot 2 SPMC #103 at 3097m

Accidentally sealed an empty sample chamber MPSR #768 in MRM S1
Decide to sample one extra chamber at this depth. Sample into SC2 #172 at
3097m.

Sample into MRMS2 Slot 1 MPSR # 971 at 3097m.

Retrack probe and move off, no overpull experienced.

Start correlating from 3200m.

Arrive at 3107m for sampling. Taking a pretes.

Set the probe again. Ready for sampling operation.

Start pumping at 400 rpm for clean up at 3107m. Increased rate in steps 600,
800, 1000 and 1200 rpm.

52Itr pumped.

93lItr pumped.

Sampled in MRMS2 MPSR5 #972 at 3107m.

Sampled in MRMS2 MPSR3 #148 at 3107m.

Sampled in MRSC 1# 100 at 3107m, 102,96ltr pumped.

Finished filling MRSC1 #100 ( 2 %4 gallon).

Sampled in MRMS1 SPMC3 # 121, 124itr pumped.

Stop pumping and perform final pretest.

Retract probe.

Moved off sampling depth, no extra drag experienced.

Started correlating (dlis #147).

On next sampling depth 3128m, setting probe for P-Point. Mobility ok.
Setting probe for sampling.

Start pumping at 3128m.

Increased pump rate in steps from 400 rpm to 1200 rpm. Drawdown
increased from 2 to 6, 7bar.
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22:11 Starting to sample in MRMS2 MPSR4 #970 at 3128m. 41,51Itr pumped.

22:20
22:28
22:30
22:32
22:35
22:43
22:49
23:02
23:08
23:17

23:27
23:31

2342
23:46

Starting to Sample in MRMS2 SPMC6 #111 at 3128m. 48,51ltr pumped.
Stop pumping after 52Itr.

Retracted probe and move off location.

Going down to 3215m for correlation.

Correlating up file #150 0,9m shallow.

Correlating up file #151on depth.

On scanning depth 3135m. Set probe and taking pretest, file #152.
Scanning file #153 started.

Start fluid scanning/pumping. 65bar drawdown with 400rpm!

Aborted test due to fear of plugging pump without meeting primary
objectives.

Correlate up to water sampling depth at 3157,5m. Correlation file#154. On
depth.

Set probe and start file#155 for mobility calculation. Mobility ok.

Start file#156.

Start clean-up of formation.

02-M ay-2005

00:05
01:02
01:15
01:20

01:22

01:42
01:45

01:53
01:58
02:00
02:04
02:12
02:17
02:19

03:40

03:52

04:00
04:04
04:07
04:12
04:15
04:25
04:27

Increased pump rate to 600rpm, drawdown = 11 Bar.

Increased pump rate to 1000rpm, drawdown = 18 Bar.

50V power supply running hot.

Stop pump and change power supply. Operation took only 10sec., thus
avoiding auto retract of probe.

Restart pump, but drawdown with 1200 rpm is increased from 18 to 42bar!
Reduced and vary speed.

Stop pump, retract the probe.

Reset probe immediately without moving MDT-tool. Start pump rate to
300rpm, drawdown = 4bar.

Increased pump rate to 600rpm. Drawdown = 8bar.

Increased pump rate to 800rpm. Drawdown = 10bar.

Auto reset pump stop, restart pump with 300rpm. Drawdown = 3.5bar.
Increased pump rate to 600rpm. Drawdown = 8bar.

Increased pump rate to 900rpm. Drawdown = 12bar.

Increased pump rate to 1200rpm Drawdown = 18bar.

Drawdown increases to 40bar. Decreased pump rate to 900rpm. Drawdown =
30bar.

Starting to sample in MRM S1 MPSR4 # 930 at 3157.5m @ 900rpm. 57,9ltr
pumped.

Starting to sample in MRM S1 SPMC6 # 150 at 3157.5m @ 900rpm. 65,5Itr
pumped.

Stop pump after 67,8Itr. Retract probe and move off.

Going down to 3200m for correlation.

Correlating up (file #157), on depth.

Start station log #158 at 3135m.

Setting probe for P-Point.

Start station log #159 at 3135m for fluid scanning.

Setting probe for sampling.
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04:32 Start pump rate at 300rpm. Drawdown = 32bar.

04:38 Increased pump rate to 400rpm. Drawdown = 40bar.

04:48 Increased pump rate to 500rpm. Drawdown = 43bar.

04:51 Increased pump rate to 600rpm. Drawdown = 46bar.

05:00 Decreased pump rate to 400rpm. Drawdown = 40bar.

05:10 Decreased pump rate to 300rpm. Drawdown = 30bar.

05:20 Increased pump rate to 500rpm. Drawdown = 40bar.

05:23 Increased pump rate to 700rpm. Drawdown = 50bar.

05:30 Increased pump rate to 900rpm. Drawdown = 68bar.

05:50 Stop pump, retract the probe.

05:55 Going down to 3200m for correlation.

06:00 Correlating up (file #160), +0.1 off depth

06:07 Correlating up (file #161), on depth and move to next fluid scanning depth
3137m.

06:13 Start station log #162 at 3137m.

06:14 Setting probe for P-Point.

06:21 Start station log #163 at 3137m.

06:22 Setting probe for sampling

06:28 Start pump rate at 300rpm. Drawdown = 23bar.

06:35 Increased pump rate to 500rpm. Drawdown = 26bar.

06:44 Increased pump rate to 700rpm. Drawdown = 36bar.

06:48 Increased pump rate to 900rpm. Drawdown = 41bar.

06:57 Increased pump rate to 1100rpm. Drawdown = 46bar.

07:15 Decreased pump rate to 800rpm. Drawdown = 38bar.

07:28 Increased pump rate to 1100rpm. Drawdown = 50bar.

07:36 Increased pump rate to 1200rpm. Drawdown = 55bar.

07:55 No indication of oil, only water seen. Stop pump, retract the probe.

07:58 Start POOH.

08:35 At 1300m. Decide to do fluid scanning at 3136m. RIH.

09:05 Reach 3220m. Correlation up (file #166), 2m off.
Max Tension up 55001 bf.

09:10 Correlation up (file#167), 0.4m off.

09:15 Caorrelation up (file #168), on depth.

09:24 Start station log #169 at 3136m.

09:27 Setting probe for P-Point

09:34 Start station log #170 at 3136m.

09:39 Setting probe for fluid scanning.

09:42 Start pump rate at 300rpm. Drawdown = 40bar.

09:48 Increased pump rate to 500rpm. Drawdown = 48bar.

09:57 Increased pump rate to 700rpm. Drawdown = 54bar.

10:17 Decreased pump rate to 500rpm. Drawdown = 48bar.

10:21 Increased pump rate to 700rpm. Drawdown = 68-80bar. After rate increase
oil is appearing with similar characteristic as the oil seen at 3135m, but
smaller fraction.

10:54 Stop pumping. Retract probe.

11:03 Start POOH.

12:35 Toolsarrived at surface. Start rigging down.
Maximum recorded temperature = 110 degC
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13:50 Rigdown MDT finish. Picking up MSCT from deck

14:00 Rigup MSCT and test the tool.

15:00 Zero MSCT éat the bit.

15:10 Compensator activated at 100m. Tool weight in mud = 650 |bs
15:15 RIH. Weakpoint in head 6000-6700lbs. Weak point shaft 2700 Ibs.
16:00 Test at 1500m.

16:30 Test at 2900m. Pick up weight 3300 Ibs.

16:59 Starting correlation for first core. 0,3 m shallow (File #178).
17:15 Cuitting core no. 1. On depth (File #179).

17:45 Core 3 a 3149m, aborted due to stalling without any penetration.
19:45 0,1 mdeep.

19:50 File#181 on depth.

22:05 Some problems with retracting the bit after core 27.

22:40 0,4 mdeep.

22:45 File#183 on depth.

03-M ay-2005

00:15 Last coretaken at 2960m.

00:20 Start POOH.

02:10 Tool arrived at surface.

02:30 Finish removing the cores. Start rigging down the tools.

02:50 Finish rigging down the tools. Start rigging down wireline.
03:20 Finish rigging down wireline equipment.

Maximum recorded temperature = 112,111,112degC.



U

HYDRO Formation Evaluation Report

E& P Divison
Petrophysics/Formation Testing

Well 35/11-13

Page: 100 of 110
Date: 24.07.06
Rev.: Final

12.8.2 Sequence of events; Well Test Operations
Based on Power Well Services SOE

Date

08-mai-05
08-mai-05
08-mai-05
08-mai-05
08-mai-05
08-mai-05
08-mai-05
08-mai-05
08-mai-05
08-mai-05
08-mai-05
08-mai-05
08-mai-05
08-mai-05
08-mai-05
08-mai-05
08-mai-05
08-mai-05
08-mai-05
08-mai-05
08-mai-05
08-mai-05

08-mai-05
08-mai-05
09-mai-05
09-mai-05
09-mai-05
09-mai-05
09-mai-05

09-mai-05
09-mai-05
09-mai-05
09-mai-05
09-mai-05
09-mai-05
09-mai-05
09-mai-05

Time

01:30:00
01:30:00
01:30:00
01:30:00
01:35:00
02:00:00
02:04:00
03:00:00
03:45:00
08:15:00
08:50:00
09:30:00
09:46:00
10:10:00
10:30:00
10:57:00
11:10:00
11:30:00
13:30:00
14:10:00
15:04:00
15:54:00

16:15:00
16:20:00
07:27:00
07:30:00
07:33:00
07:41:00
08:04:00

08:10:00
08:25:00
08:43:00
09:12:00
09:40:00
19:00:00
19:56:00
21:00:00

Seguence of Events

kkhkhkkkhhkkkhhkkhhhkhhhkhhhkhdhhkhkhhkhkhhkhkhkkkkkkx%x%x

ASTERO 35/11-13
Start Spartek gauge 20397

Start Spartek gauge 20398

Start Metrolog gauge 7401

Start Metrolog gauge 7443

Installed gauges into gauge carrier.

Pressure tested gauge carrier to 370 bar.

Start to RIH with TCP guns

Perform Toolbox talk prior to RIH with BHA

Change elevator. Lift X-oversto rig floor

Lift Champ Packer assembly to rig floor

RIH with Champ packer assembly

RIH with LPR-N and gauge carrier

Make up 1st joint of drill collar

RIH with OMNI, RD and RA-sub

Start to RIH with 18 joints of 4 3/4"" drill collars

Pick up Slip joint # 1 and 2

Finish BHA. BHA weight = 13 tons

Make up 1st joint of tubing

Start to pressure test BHA against TST-valve to 70/370 bar
for 5/15 min

Good test. Bleed off pressure

Continue RIH

Pressure up lineto 17 Bar to check line-up to annulus
Line-up OK

Start to reverse circulate with 158 I/min and 3 bar

Increase circulating rate to 400 I/min

Finish reverse circulating. Total pumped 11,3 m3 (704 strokes).
OpenMPR

Dummy hanger to drill floor

Start to pressure test tubing to 370 bar/15 min. Pump 1150 litres
Good test. Bleed off pressure

Stabbed dummy hanger onto tubing

Start RIH with dummy hanger

Start POOH with dummy hanger

Start calibration check of separator differential recorders
Finish calibration check

*k*k*%k *kk*k
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09-mai-05
09-mai-05
09-mai-05
10-mai-05
10-mai-05
10-mai-05
10-mai-05
10-mai-05

10-mai-05
10-mai-05
10-mai-05
10-mai-05
10-mai-05
10-mai-05
10-mai-05

10-mai-05
10-mai-05
10-mai-05

10-mai-05
10-mai-05
10-mai-05
10-mai-05
10-mai-05
10-mai-05
10-mai-05
10-mai-05
10-mai-05
10-mai-05
10-mai-05

10-mai-05
10-mai-05
10-mai-05
10-mai-05

10-mai-05
10-mai-05
10-mai-05
10-mai-05
10-mai-05
10-mai-05
10-mai-05

21:30:00
21:58:00
22:05:00
00:04:00
00:25:00
00:51:00
01:10:00
01:30:00

01:55:00
02:30:00
02:41:00
02:45:00
02:59:00
03:10:00
04:35:00

04:58:00
05:00:00
05:02:00

05:11:00
05:20:00
05:30:00
08:53:00
10:12:00
12:08:00
12:14:00
12:19:00
12:27:00
12:43:00
12:51:00

12:53:00
13:02:00
13:20:00
13:25:00

13:29:00
13:30:00
13:26:00
13:45:00
13:47:00
13:54:00
14:00:00

Hanger at surface

Broke out dummy hanger

Laid out dummy hanger

Lifted subseareel to drill floor

Lifted SSTT to drill floor

Stabbed SSTT onto tubing

Restarted scan lab with purge system activated

Problem with power supply in lab. Rig electrician working on
problem

SSTT through rotary table

Start function testing latch

Finish function testing latch

Start test on balance line

Good test. Start test on control line

Good test

Start pressure testing string to 370 bar. Function tested
chemical injection lineon SSTT

Inflow tested check valve on chemical injection line
Closed SSTT

Good test on string. Bled down pressure to 50 bar to inflow test
SSTT

Equalize pressure across SSTT to 370 bar and opened SSTT
Continue RIH with landing string

Problem with power supply fixed

Pick up lower lubricator valve

Pick up upper lubricator valve

Pressure test lock line LSSLV to 275 bar

Good test. Pressure test control line to 206 bar

Good test. Pressure test lock line on USSLV to 275 bar
Good test. Open USSLV. Pressure test string to 310 bar
Good test. Close LSSLV. Inflow test LSSLV

Good test. Equalize pressure across LSSLV to 385 bar.
Release lock line pressure

Close USSLV. Start inflow test on USSLV to 30 bar
Good test.

Pressure test chemical injection on LSSLV to 370 bar
Good test. Bleed down pressure to 50 bar to inflow test check
valve on chemical injection line

Good test

Bleed off pressure on string. Closed USSLV

Start pressure USSLV to 300 bar from above.

Good test. Release lock line pressure

USSLV open. Rig down test line

Run last joint of landing string

Start rigging up flow head
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10-mai-05 19:00:00  Start rigging up coflexip hoses to flow head

10-mai-05 20:30:00  Function test flow head wing valves and surface panels

10-mai-05 21:00:00  Start flushing surface lines

10-mai-05 21:05:00  Finish flushing

10-mai-05 21:07:00 Closekill valve

10-mai-05 21:14:00  Start pressure testing kill valve

10-mai-05 21:23:00 Good tet

10-mai-05 21:28:00 Openkill valve

10-mai-05 21:30:00  Start pressure testing against choke, master and swab valves

10-mai-05 21:55:00 Good test

10-mai-05 22:00:00  Start pressure testing flow wing valve

10-mai-05 22:50:00 Close SSV

10-mai-05 23:05:00  Open flow wing and master valves on flow head

10-mai-05 23:06:00  Start pressuretesting USSLV and SSV

10-mai-05 23:45:00 Good tedt. Close master valve. Bleed down pressure to 70 bar to
inflow tet master valve

11-mai-05 00:05:00 Good test. Open master valve. Close kill valve. Start pressure
testing kill valve

11-mai-05 00:10:00  Good test. Bleed down pressure to 70 bar to inflow test kill valve

11-mai-05 00:25:00  Good test

11-mai-05 00:27:00  Openkill valve. Bleed off pressure

11-mai-05 00:32.00 Open SSV. Close choke

11-mai-05 01:08:00  Open choke

11-mai-05 01:25:00 Problem setting packer. Suspect SSTT hanging up in Hydril.

11-mai-05 03:51:00  Start setting packer

11-mai-05 03:55:00  Packer set at 3090m

11-mai-05 04:21:00  Close choke

11-mai-05 04:25:00  Start pressure testing annulus to 39 bar

11-mai-05 04:47:00 Good test. Bleed off pressure

11-mai-05 05:15:00 Function test PSD1 (button 3) on drill floor

11-mai-05 05:50:00  Start cycling OMNI to circulating position

11-mai-05 06:15:00 OMNI in circulating position

11-mai-05 06:22:00 Close wing valve on flow head

11-mai-05 06:25:00  Start circulating tubing to base ail

11-mai-05 07:03:00  Finish circulating

11-mai-05 07:05:00 Closekill wing valve

11-mai-05 07:25:.00  Open flow wing valve on flow head

11-mai-05 07:30:00  Perform toolbox talk prior to perforating the well

11-mai-05 07:46:00  Start cycling OMNI to welltest position

11-mai-05 08:08:00 Start steamto heater

11-mai-05 08:13:00  Put compressors on load to port burner. Lit pilots and jetson
burner

11-mai-05 08:24:00  Equalised pressure across kill wing valve to 110 bar

11-mai-05 08:27:00  Openkill wing valve

11-mai-05 08:28:00 Function test PSD1 (button 2) at choke manifold. Wing valve
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11-mai-05

11-mai-05
11-mai-05
11-mai-05
11-mai-05
11-mai-05
11-mai-05
11-mai-05
11-mai-05
11-mai-05
11-mai-05
11-mai-05

11-mai-05
11-mai-05
11-mai-05
11-mai-05
11-mai-05
11-mai-05
11-mai-05
11-mai-05
11-mai-05

11-mai-05
11-mai-05
11-mai-05
11-mai-05
11-mai-05
11-mai-05
11-mai-05
11-mai-05

11-mai-05
11-mai-05
11-mai-05
11-mai-05
11-mai-05
11-mai-05
11-mai-05
11-mai-05
11-mai-05
11-mai-05
11-mai-05

08:38:00

08:40:00
08:41:00
09:00:00
09:05:00
09:13:00
09:16:00
09:21:00
09:27:00
09:30:00
09:31:00
10:00:00

10:05:00
10:06:00
10:08:00
10:12:00
10:13:00
10:13:00
10:13:00
10:13:00
10:14:00

10:15:00
10:16:00
10:17:00
10:19:00
10:20:00
10:21:00
10:28:00
10:32:00

10:33:00
10:35:00
10:48:00
10:50:00
11:01:00
11:02:00
11:05:00
11:06:00
11:07:00
11:13:00
11:19:00

close very slowly

Function test PSD1 (button 2) at choke manifold. Wing valve
close very slowly

Close kill valve

Change out surface panel onrig floor

Open kill valve

Function test PSD1 (button 2) at choke manifold. Good test
Function test PSD1 (button 3) on drill floor

Function test PSD1 (button 5) at company mans office
Function test PSD1 (button 4) at test separator

Function test PSD1 in scan lab

Wait on helicopter before perforating

Put compressors on sandby

Put compressors on load to port burner. Light pilots and jets on
burner

Tank level = 2.8M3

Pressure up tubing to 350 bar to fire guns

Bleed off pressure to 0 bar

Bleed down kill line pressure to 30 bar

Indication at surface that guns fired

kkhkhkkkhhkkkhhhkkhhhkhhhkhhhkhkhhkhkhhkhkhhkhkkkkkkkx%x%x

INITIAL FLOW
Open well on 12/64ths adjustable choke flowing through heater
to calibration tank

Increase choke to 16/64ths adjustable

Increase choke to 20/64ths adjustable

Increase choke to 24/64ths adjustable

Start injecting MEG at SSLV

Start injecting methanol at choke manifold

Start injecting MEG at SSTT

Increase choke to 26/64ths adjustable

Increase choke to 28/64ths adjustable. Base oil at surface.

Fluid returns=1 M3

Divert flow through test separator flowing through 2"" oil meter
Bypass tank. Divert flow to port burner

Increase choke to 30/64ths adjustable

Divert flow to cdibration tank

Bypass tank. Divert flow to port burner

Increase choke to 32/64ths adjustable

Start dumping water from separator to calibration tank

Stop dumping water

Start dumping water from separator to calibration tank

Stop dumping water

Divert flow to ca. tank. Bypass sep.

kkkkkk*%x kkkkkk*k
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11-mai-05
11-mai-05
11-mai-05
11-mai-05
11-mai-05
11-mai-05
11-mai-05
11-mai-05
11-mai-05
11-mai-05
11-mai-05
11-mai-05
11-mai-05
11-mai-05
11-mai-05
11-mai-05
11-mai-05
11-mai-05
11-mai-05
11-mai-05
11-mai-05
11-mai-05
11-mai-05
11-mai-05
11-mai-05
11-mai-05
11-mai-05
11-mai-05
11-mai-05
11-mai-05
11-mai-05
11-mai-05
11-mai-05
11-mai-05
11-mai-05
11-mai-05

11-mai-05
11-mai-05
11-mai-05
11-mai-05
11-mai-05
11-mai-05
11-mai-05
11-mai-05

11:29:00
11:33:00
11:34:00
11:37:00
11:37:00
11:39:00
11:41:00
11:41:00
11:42:00
11:43:00
11:44:00
11:46:00
11:49:00
11:52:00
12:00:00
12:00:00
12:00:00
12:10:00
12:12:00
12:15:00
12:20:00
12:24:00
12:25:00
12:31:00
12:34:00
12:39:00
12:40:00
21:00:00
21:12:00
21:20:00
21:27:00
21:27:00
21:30:00
21:27:00
21:31:00
21:42:00

21:46:00
21:47:00
21:50:00
21:55:00
21:57:00
22:00:00
22:15:00
22:30:00

Divert flow trough sep.

Increase choke to 34/64ths adjustable

Start dumping water from separator to calibration tank
BS&W = 30 % Base ail

Co2 =4%

Increase choke to 38/64ths adjustable
Increase choke to 42/64ths adjustable
BS&W = 10 % Base ail

H2S=0 CO2=4.2%

Stop dumping water

Increase choke to 46/64ths adjustable
Increase choke to 50/64ths adjustable
Increase choke to 54/64ths adjustable
Increase choke to 58/64ths adjustable
BS&W = 2 % Water

H2S=0 CO2=5.0%

Gas SG = 0.67 Oil SG 0.846 @ 16.3 degC
H2S=0 CO2=5.0%

Gas SG = 0.67 Oil SG =0.842 @ 19.6 degC
BS&W =1 % Water

H2S=0 CO2=5.0%

Start shrinkage 15 DegC

Gas SG = 0.67 Oil SG 0.842 @ 20.6 degC
Close LPR-N

Close Choke

Stop Chemical inj. SSLV SSTT and at Choke Manifold
Close burner nozzles

Held toolbox talk on drill floor

Start steam to heater

Compressors on load to burner

Start injecting MEG at SSTT and LSSV

kkhkhkkkhhkkkhhhkkhhhkkhhhkhhhkhhhkhhhkhkhhkhkhhkhkhhkhkhkhkhkkkkk%x*x

*Hxx%k CLEANUP AND MAIN FLOW *****
Open LPR-N

Open well on 12/64ths adjustable choke flowing through heater
and separator to port burner

Increase choke to 20/64ths adjustable

Increase choke to 24/64ths adjustable

Increase choke to 28/64ths adjustable

Increase choke to 32/64ths adjustable

Increase choke to 36/64ths adjustable

BS&W = 0.2% water

BS& W = 0.2% water. Trace of solids. H2S = 0 ppm
H2S =0 ppm
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11-mai-05 22:45.00 BS&W = 0.1% water
11-mai-05 23:00:00 BS&W = 0.4% water
11-mai-05 23:00:00 Oil SG=0.845 @ 15degC
11-mai-05 23:15.00 BS&W = 0.25% water
11-mai-05 23:43:00 Divert flow through 36/64ths fixed choke
11-mai-05 23:50:00 Divert flow through 36/64ths adjustable choke
12-mai-05 00:15:00 Divert flow through 32/64ths fixed choke
12-mai-05 00:19:00  Stopinjecting MEG at SSTT and LSSV
12-mai-05 00:26:00 Insert 2.0"" orifice plate
12-mai-05 00:30:00 BS&W = traceof water. Raise 2.0"" orifice plate
12-mai-05 00:35:00 Insert 1.625"" orifice plate. Gas rates are reported in M3/Day.
Gas Volumes are reported in M3
12-mai-05 01:00:.00 BS&W = 0% water
12-mai-05 01:00:00 Gas SG=0.724 Oil SG= 0.852 H2S= 1.5 ppm CO2=5.8 %
12-mai-05 01:15:.00 BS&W = 0% water. H2S = 1.5 ppm. CO2 = 5.8%
12-mai-05 01:30:00 BS&W = 0% water
12-mai-05 01:30:00 Gas SG= 0.724 Oil SG= 0.852 H2S= 1.5 ppm CO2=5.8 %
12-mai-05 02:00.00 BS&W = 0% water
12-mai-05 02:00:00 Gas SG= 0.728 Qil SG=0.852 H2S= 2 ppm CO2=5.5%
12-mai-05 02:30:00 Gas SG= 0.728 Qil SG=0.852 H2S= 2 ppm CO2=5.5%
12-mai-05 02:30:00 BS&W = 0% water
12-mai-05 02:40:00  Start Meter factor . Initial Tank= 4.3 m3 Initial Scan
Pulses = 2154420
12-mai-05 02:55:00  Stop Meter factor. Final Tank=9.6 m3 Final Scan
Pulses= 2235728. Tank temp 22.7 DegC
12-mai-05 02:55:00 Combined Meter and Shrinkage factor = 0.925
12-mai-05 03:00:00 BS&W = 0% water
12-mai-05 03:00:00 Gas SG= 0.728 Qil SG=0.852 H2S= 2 ppm CO2=5.5%
12-mai-05 03:13:00  Start Shrinkage 99.5% @ 24 DegC
12-mai-05 03:30:00 Gas SG= 0.728 Qil SG=0.852 H2S= 2 ppm CO2=5.5%
12-mai-05 03:30:00 Petrotech start PVT 1
12-mai-05 03:55:00  Start pump out cal. tank to burner
12-mai-05 03:56:00 Divert sep.oil from burner to cal. tank
12-mai-05 04:00:00 BS&W = 0% water
12-mai-05 04:00:00 Gas SG= 0.728 Qil SG=0.850 H2S= 2 ppm CO2=5.5%
12-mai-05 04:00:00 Petrotechstop PVT 1
12-mai-05 04:01:00  Stop pump out cal. tank to burner.
12-mai-05 04:01:00  Divert sep.oil from cal. tank to burner
12-mai-05 05:00:00 BS&W = 0% water
12-mai-05 05:00:00 Gas SG= 0.728 Oil SG=0.850 H2S= 2 ppm CO2=5.5%
12-mai-05 05:05:00  Start Meter factor . Initial Tank=1.95 m3 Initial Scan
Pulses= 2943906
12-mai-05 05:24:00  Stop Meter factor. Final Tank=8.80 m3 Final Scan
Pulses= 3047673. Tank temp 30 DegC
12-mai-05 05:24:00 Combined Meter and Shrinkage factor = 0.937
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12-mai-05
12-mai-05
12-mai-05
12-mai-05
12-mai-05
12-mai-05
12-mai-05
12-mai-05
12-mai-05
12-mai-05
12-mai-05
12-mai-05
12-mai-05
12-mai-05
12-mai-05
12-mai-05
12-mai-05
12-mai-05
12-mai-05

12-mai-05

12-mai-05
12-mai-05
12-mai-05
12-mai-05
12-mai-05
12-mai-05
12-mai-05
12-mai-05
12-mai-05
12-mai-05
12-mai-05
12-mai-05
12-mai-05
12-mai-05
12-mai-05
12-mai-05
12-mai-05
12-mai-05
12-mai-05
12-mai-05
12-mai-05
12-mai-05
12-mai-05

05:30:00
06:00:00
06:00:00
06:24:00
06:25:00
06:30:00
06:30:00
07:00:00
07:00:00
07:30:00
08:00:00
08:00:00
08:30:00
09:00:00
09:00:00
09:30:00
09:40:00
10:00:00
10:00:00

10:28:00

10:28:00
10:30:00
10:30:00
11:00:00
11:00:00
11:30:00
11:43:00
11:39:00
12:00:00
12:00:00
12:09:00
12:10:00
12:11:00
12:16:00
12:16:00
12:22:00
12:45:00
13:30:00
14:00:00
14:00:00
14:30:00
15:00:00
15:00:00

Finish Shrinkage 96% @ 12DegC

BS&W = 0% water

Gas SG= 0.729 Oil SG= 0.850 H2S= 2 ppm CO2=5.5%
Start pump out cal. tank to burner

Divert sep.oil from burner to cd. tank

Stop pump out cal. tank to burner.

Divert sep.oil from cal. tank to burner

Gas SG=0.729 Oil SG= 0.850 H2S= 2 ppm CO2= 5.2 %
BS&W = 0% water

BS&W = 0% water

BS&W = 0% water

Gas SG=0.728 Oil SG= 0.852 H2S= 2.8 ppm CO2= 5.0 %
BS&W = 0% water

BS&W = 0% water

Gas SG=0.728 Oil SG= 0.852 H2S= 2.0 ppm CO2=5.5%
BS&W = 0% water

Start Shrinkage 100% @ 26 DegC

BS&W = 0% water

Start Meter factor . Initial Tank= 1.70 m3 Initial Scan

Pul ses= 4553286

Stop Meter factor. Final Tank=11.6 m3 Final Scan
Pulses= 4706041. Tank temp 32.6 DegC

Combined Meter and Shrinkage factor = 0.919

BS&W = 0% water

Gas SG=0.727 Oil SG= 0.852 H2S= 2.0 ppm CO2= 5.0 %
BS&W = 0% water

Gas SG=0.730 Oil SG= 0.852 H2S= 2.0 ppm CO2=5.0 %
BS&W = 0% water

Finish Shrinkage 96% @ 18DegC

Start fill barrel with sample oil

BS&W = 0% water

Gas SG=0.730 Oil SG= 0.849 H2S= 2.2 ppm CO2= 5.0 %
Stop fill barrel with sample oil

Start pump out cal. tank to burner

Divert sep.oil from burner to cd. tank

Stop pump out cal. tank to burner. Tank level 5.05 m3
Divert sep.oil from cal. tank to burner

Petrotech start PVT samples

BS&W = 0% water

BS&W = 0% water

BS&W = 0% water

Gas SG=0.730 Oil SG= 0.853 H2S= 2.4 ppm CO2= 5.0 %
BS&W = 0% water

BS&W = 0% water

Gas SG=0.734 Oil SG= 0.846 H2S= 2.3 ppm CO2=5.2 %
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12-mai-05 15:23:00  Start Shrinkage 100% @ 29 DegC

12-mai-05 15:30:00 BS&W = 0% water

12-mai-05 16:00:00 BS&W = 0% water

12-mai-05 16:30:00 BS&W = 0% water

12-mai-05 17:00:00 BS&W = 0% water

12-mai-05 17:05:00  Finish Shrinkage 96.5% @ 19DegC

12-mai-05 17:30:00 BS&W = 0% water

12-mai-05 18:00:00 BS&W = 0% water

12-mai-05 18:15:00  Petrotech finish with PVT samples

12-mai-05 18:19:00  Start pump out cal. tank to burner

12-mai-05 18:20:00  Divert sep.oil from burner to cal. tank

12-mai-05 18:20:00 Gas SG=0.738 Oil SG= 0.847 H2S= 2.5 ppm CO2=5.0 %

12-mai-05 18:25:00  Stop pump out cal. tank to burner. Tank level 0 m3

12-mai-05 18:25:00 Divert sep.oil from cal. tank to burner

12-mai-05 18:30:00 BS&W = 0% water

12-mai-05 19:00:00 BS&W = 0% water

12-mai-05 19:00:00 Gas SG=0.728 Oil SG= 0.847 H2S= 2.5 ppm CO2=5.0 %

12-mai-05 19:30:00 BS&W = 0% water

12-mai-05 19:35:00  Start Meter factor . Initial Tank= 2.05 m3 Initial Scan
Pulses= 7685409

12-mai-05 19:51:00  Stop Meter factor. Final Tank= 8.1 m3 Final Scan
Pulses= 7772826. Tank temp 34.1 DegC

12-mai-05 19:51:.00 Combined Meter and Shrinkage factor = 0.982

12-mai-05 20:00.00 BS&W = 0% water

12-mai-05 20:00:00 Gas SG=0.730 Oil SG=0.846 H2S= 2.2 ppm CO2=5.3 %

12-mai-05 20:34:00  Start pump out cal. tank to burner

12-mai-05 20:34:00 Divert sep.oil from burner to cal. tank

12-mai-05 20:40:00  Stop pump out cal. tank to burner. Tank level 0 m3

12-mai-05 20:40:00  Power supply to ignition system failed due to deluge water

12-mai-05 20:40:00 Bled down barton manifold on separator

12-mai-05 20:53:00 Rig electrician repaired ignition cable

12-mai-05 20:54:00 Divert sep.oil from cal. tank to burner

12-mai-05 21:00:00 BS&W = 0% water

12-mai-05 21:00:00 Gas SG=0.730 Oil SG=0.851 H2S= 2.5 ppm CO2=5.2 %

12-mai-05 21:20:00  Start injecting MEG at SSTT. Turn PSD low low override on

12-mai-05 21:30:00 BS&W = 0% water

12-mai-05 21:40:00 Raise 1.625"" orifice plate. Final flowing wellhead
pressure = 93 bar

12-mai-05 21:41:00 Close LPR-N

12_ma|_05 214100 khkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkkkx%x

12-mai-05 21:41:00 ***** MAIN BUILD-UP *****

12_ma|_05 214100 khkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkkkx%x

12-mai-05 21:43:.00 Close choke

12-mai-05 21:45.00 Close burner heads

12-mai-05 21:52:00 Stopinjecting MEG at SSTT
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12-mai-05 22:57:00 Closein annulus at autochoke on drill floor
13-mai-05 01:34:00 1A rea-time data not sending. Data queued at remote PC.
13-mai-05 02:23:00  Start sending IA real-time data.
13-mai-05 04:00:00  Stopped logging datain order to recalculate data with no
correction factors applied
13-mai-05 04:28:00 Restarted scan system. Restarted |A data exchange
13-mai-05 13:10:00 Bleed down separator to tank. Flush meters
14-mai-05 09:20:00  Start Methanol injection upstream Choke manifold
14-mai-05 09:28:00 Open Choke. Bleed off to zero
14-mai-05 09:42:00  Stop Methanol injection upstream Choke manifold
14-mai-05 10:02:00 Close choke
14-mai-05 10:02:00  Close burner heads
14-mai-05 10:07:00 Close Lower Magter valve
14-mai-05 10:14:00  Open burner head
14-mai-05 10:14:00 BJstart pump base oil
14-mai-05 10:18:00  Open choke
14-mai-05 10:21:00  BJstop pumping
14-mai-05 10:22:00 Close choke
14-mai-05 10:22:00  Close burner heads
14-mai-05 10:24:00  Divert flow to cdl. tank
14-mai-05 10:25:00 BJstart pump base oil
14-mai-05 10:25:00  Open choke
14-mai-05 10:32:00  BJstop pumping
14-mai-05 10:32.00 Close choke
14-mai-05 11:04:00  Open choke
14-mai-05 11:04:00 BJstart pump base oil / seawater to cal. tank
14-mai-05 11:25:00 BJstop pumping
14-mai-05 11:25:.00 Close choke
14-mai-05 11:26:00  Close wing valve on flow head
14-mai-05 11:28:00  Open Lower Master
14-mai-05 11:28:00  Start fill string with base oil/ brine
14-mai-05 11:40:00 Openwing valve
14-mai-05 11:57:.00 Open Tester Valve
14-mai-05 11:58:00  Start pump to minifrac and kill well
14_ma|_05 121600 khkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkkkx%x
14-mai-05 12:16:00  *x***x**  MINIFRAC *******
14_ma|_05 121600 khkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkkkx%x
14-mai-05 12:16:00  Start minifrac cycle 1
14-mai-05 13:14:.00  Stop pumping WHP startsto drop
14-mai-05 13:23:00  Pressure startsto stabilize below 2 bar
14-mai-05 13:35:00  Start minifrac Cycle 2
14-mai-05 15:05:00  Stop pumping WHP startsto drop
14-mai-05 15:14:00  Pressure starts to stabilize around 2 bar
14-mai-05 15:21:00  Start minifrac cycle 3
14-mai-05 15:25:00  Stop pumping WHP startsto drop
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Pressure starts to stabilize around 2 bar

Start minifrac cycle 3

Stop pumping WHP startsto drop

Pressure starts to stabilize around 2 bar

Start minifrac cycle 3

Stop pumping WHP starts to drop

Pressure starts to stabilize around 2 bar

Start minifrac cycle 4

Stop pumping WHP startsto drop

Pressure starts to stabilize around 2 bar

Close kill valve

Open choke. Line up to PWS calibration tank to monitor well
Close choke

Pump up annulusto shear RD-valve

Shear RD-valve

Start circulating long way

Finish circulating

Start 15 min flow check

Attempt to unseat Champ SSTT hang up inrig BOP.
Reposition rig using anchors

Packer unseated

Start bullheading kill fluid into formation
Commence circulate down tubing 1.5 times well volume
Finish circulating

Commence rigging down surface tree

Tool box talk on rig floor prior to pull test string
Start pull landing string

Upper SSLV OOH and laid out

Lower SSLV OOH and laid out

SSTT OOH

SSTT laid out
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129 Ted string diagram

l lALLl BU HTO N Astero - Downhole Test String Diagram - DST#1 m
HYDRD
Prepared Far; T Company. Dute T reew wen
Pk Jensen Visser | iMay0s | v
Fieid Harme el Ne. Fig Harme Svision: %
Astesd 35/11-13 Deepsea Trym
B (est) 324 bar BT (Max) e Landing Tubing Size & Theesd Type: 3 17 24 ool 150 Piis
|Casing Siee- o5/8" |wegh: | 535 |oede [Misr: Tishing Sice & Thread Tyoe:
Liner ize: 7| e 22
Ce. Lower Connectson 00 (m) 1D (im) Length {m) Depth (m)
= %6 [Surface Test Tree ows 5 34 fere Pin 306 g
= LW WS 5 374" heme Box " 3h 2G R Fin 106 e 484
=4 |Crassover el 5 4th 26 R Bex 447 P Pin ax | 3w 0.36 484
52 |4 1/2" 24 ppi Test Tubing el 4 U7 P B AT PHE PR am | 3w e 448
<2 |Crassover el 417 Prid Box 442" 4 Acme Pin s | im 0.8 3083
=1 [Centraliser WS YT 4domeBox | 41774 AcwePin wo0 | zom 1w nm
0 |Upper Lubricator Vslve Pws SyrsdomeBo | 4yrsAdePin wr | e 182 3261
0 [Crossover el 4 47" 4 Home Box " Pues i 525 i 07 3443
i [43/2° 24 ppt Test Tubing Garyel 4 4/ P4 Box - Pies P as0 | 3 298 35.39
7 [Crossover el 4 /" Prid Bos 4 /2" 4 Acme Pin €% | i 056 ey
16 |Lower Lubricator Valve s Ay 4homeBox | 412 4 AcmePin wrs | is 182 7
15 |Centraliser s AUridomeBor | 4423 AcmePin 15,00 1an 2055
45 |Crossaver Odfiell | 4374 ome Box 4yT PHePn 525 0.7 4195
14 4 1/2" 24 ppl Test Tubing el 4177 Pr Box 4T PHEPn am 21516 on
13 |Cross Over el 437 Pra Box 525 057 a77.87
42 [Shearable Handling Sub oS 437" 4 dicme Box 4w | 3m 154 e
57 563 Hydr B
A1 [Sub Surface Test Tree g AYrsdomeBor | 4y sdcein | too | 3m in 7958
0 [Stick Jaint Pas Ay ddcmeBox | 442 4 AamePin se0 | 3m 204 LR
SB363m HO Paint
MEm 39 [Adjustable Mandrel s YT adomeBox | 4174 AqmePin s | 3m 163 e
1 |Crossaver Offel | 4yrsdomeBor | IJurssmeaPn | 635 | 23 081 msy
37 |3 1/2" 12.95 ppl Test Tubing omfel | 3yrsmmerse | sursswem | 3w | aw | aeexn 3me18
a0 |Crossover odfl | 3 y2" 533 e Bow 3 78" CAS Fin a» | 2% o7 186850
1 |silg Joint (Tull epon) Hallburton | 3 /8" CAS Box 3 7/8° CAS Pin sos | 22 610 2.809.23
1 [stip Joit (full epen) Halibuton | 3 7T CAS Box 3 7/8" CAS Pin so3 | 2 610 287533
33 [Slip Joint (full clased) Halibuton | 3 7/8° CAS Box 378" CAS Pin sos | 2 e 288143
12 [Slip Joint (full clased) Halibuton | 3 7/E° CAS Box 378 CAS Pin s | 22 458 288601
31 [Crassover Oiell 3 Y7 Pris Bax 37 PH5 P se | 2% 0.53 280050
0 [4 3/4" Drill Collars el 3 /7" PHS Box 3T PHS Pn s | 2x 167.29 289112
25 [RA Marker Sub Helibuton | 3 477 PHS Box 3 47 P P a7 | 2= 0.30 305841
28 [Crassover Hallbuton | 3172 PHS Bax 378 CAS Fin s | 2= 038 105871
37 |RD Circulating Valve Halbwton | 3 7/8 OS Bex 378 CAS Fin sz | 2% 108 1.050.00
25 [oMn Valve Haliurton | 3 7/ CAS Box 37F CAs Pin s | 2 652 306018
25 |Crassover et 378 OO B 342 PSP so0 | 23 038 1.066.70
24 |4 3/4" Drill Collar Joint el 3 47 PS Bax 347 PH5 Pin am | 2% 5.35 1067.08
13 [Crossover el 3 177" P Bow 378 CAS Fin s | 2 03 107643
22 |Sliding Sleeve Drain Valve Halibuton | 378" CAS Box 378 CAS Fin so3 | 23 105 1076.82
21 |LPR-N Tester Valve Hellburton | 3778 CAS Bow 378 CAS Fin s | 2% e 1077.57
2 [Instream Gauge Carrier Helibuton | 3 7/8 CAS Box 378 CAS Fin sm | 2z 235 308270
_g‘ 15 [Tublng String Testing Valve Haliburton | 37/ CAS Box 378 CAS Fin so | 2 1m 3,005.05
a 18 [Big John Jar Halibuton | 3 7/ CAS Box sos | ax 159 3,086.27
B 17 |Satety Joint Halibuton | 375" CAS Bo 5.03 15 Lo 1,007.86
" 10 |7 Chiamp Packer (mech set) Haliburton | 37/ CAS Box s | 22 L70 300890
4] Pk Ridlsbor 100 1,090.60
]
» 15 [5" Vetrical Shock Absorber Heliburtan 3 Y7 IF B s | 2 149 109160
14 |Crassover Haliburton 3 Y7 F B s | 23 o 109109
13 [27/8" Perforated Pup Hslbuton | 2778 EJE Box 30 | 24 02 100343
12 [2 7/8" Tubing Helibuton | 2778 EUE Box 17 | 24 300 1,093.65
11 [27/8" Perforated Pup Halibuton | 2778 EUE Box i | 24 022 1,086.74
10 2 7/8" Tubing Haliburton | 2 75 BUE Box 67 | 2w 107 3,006.96
s o [27/8" MTR 2,125 Latch Halibwton | 2778 BUE Box 3 | 2m 052 3,100.03
=1 8 & [27/8" Tubing Halbuton | 278 B Bax 27 BEPn 367 | 24 616 310055
7 7 |collar, Haliburton 275 BEBax 187 e 013 L6 TL
6 & [Time delay Firing Head Halibuwton | 2 7/ EUEPin 2 75" Acme Box 338 g 0.7 1106.84
s 5 [Multi Action Firing Head Hslibuton | 27/ Aome B 2 718" Acme Box 33 nie 104 31107.60
1 1 [33/8" DID SaFety Sub Hslibwton | 2778 Aome B 278" Acme Box i3 i o83 110854
3 3 [Collar Halibwton | 2708 Aome B 4 S/ Acme Bon 463 s 013 1.100.57
[Safety Spacer Helutan ) nia 180 110070
/T LIl 503 TR ®
i ia Haliburtan £5/8 Acme Box 48 | o 1850 311150
3
5 + |4 5/8 Bull Piug Helltuton | 4578 Acme P a8 g 0.06 313000
B
r
o
- 1} Bottom of BHA
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