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NORWAY OFFSHORE
LICENSE 046
WILDCAT WELL 15/9-1

WELL DATA:
Well name : 15/9-1
Location : 58°928' 19.00" N

01°%45' 11.76" E

Classification Wildcat

Drilling period
Spudded
Completed drilling

23. Feb. 1977
27.May 1977

KB elevation : 25m

Water depth : 106m

Total actual depth :  3734m

Objective : Jurassic sandstone
Operator : Statoil

Partners : Esso Exploration Norway

Norsk Hydro A/S
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ABSTRACTS

Well 15/9-1 is the first well drilled in block 15/9
(PL 046). Its objective was to evaluate and test
the Dogger Sand (Jurassic) in which hydrocarbon
accumulations have been found in wells 15/6-2 and
15/6-3.

Well 15/9-1 is located 4.4 km. south-east of well 15/6-3
in the Sleipner field.

This evaluation is replacing the"Petrophysical Eva-
luation of well 15/9-1, done by Petrophysical section
in May 1977.

A complex lithology approach has been used in this study
and a more detailed comparasion between log and core data
has been done. The greatest difference between this inter-
pretation and the earlier interpretation in May 1977 is the
increase in net pay with approximately 10m.
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1. SUMMARY

Well 15/9-1 reached top of the Jurassic sand at 3530m (RKB).
Top of the reservoir is shaly with some clean sand stringers.

The massive gas sand starts at 3585m.

Porosity is low to fair, an average log porosity of 17,1% is

found over net pay intervals.

Base of the Jurassic is defined with a little uncertainty to
be at 3700m (RKB).

The table of summary shows the results from this evaluation

TABLE OF SUMMARY

Depth interval : 3530m - 3700 m

Net pay :65.75m
Net sand :74.5m
Pnet pay :17.1%
Pnet sand:16.5%
Sw net pay:28.3%
Sw net sand:33.3%

The gas o0il contact is located at 3653,25m and the oil water

contact (heavy tar oil) is at 3685m.
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2. LITHOLOGY

Top of the reservoir from 3530m down to 3585m consists of extremely
complex lithology. Except from the clean sand stringers, minerals

like siderite, ankerite, pyrite and mica has been observed from thin
section analysis. The high density peaks seen on the FDC-log is
caused by nodules of siderite and carbonates. The massive gas
sand from 3585m to 3624m also contains in parts relative large

amounts of these heavy minerals. Some parts are more shaly and

tight over this interval as well.

The interval from 3624m to 3641lm is a silty shale. No effective
porosity can be seen from logs over this zone, though the core
porosity is ranging from 0 to 10%.

From 3641m to 3650m the top is shaly, but the bottom part from
3645m to 3650m is clean in spite of the high gamma ray readings.
This has also been verified through a SEM-study over that interval.

The interval from 3653.25m and down to 3672m is the heavy oil zone
in the well. The middle part of this zone is shaly and tight.

The gas/oil contact in the well is estimated to be at 3653.25m
which corresponds with what is found in well 15/9-2 (gas/water
contact at 3653.75m).

The oil water contact is located at approximately 3685m. This
lower sequence in the well (3676m-3700m) is very shaly and tight.

The conclusion for well 15/9-1 is that the lithology in the well
is very complex. Figures 3 through 13 shows some MID-plots (Matrix
Indentification plots) for some zones or intervals in well 15/9-1



3. INPUT PARAMETERS

The Jurassic sandstone was logged with the following tools:

~ISF/SONIC-GR
-FDC/CNL-GR
-DLL/MSFL
-HDT

-RFT (pressure and sampling)

The quality of the log data is good, all repeat sections are
repeatable. Some scattering in pressure data from the RFT (Re-
peat Formation Tester) can be observed due to tight formation with

slow build up of formation pressure.

A. Determination of Rw

The formation water resistivity has been determined from the SP-
curve;

3525m - 3585m - Rw = 0,030 ohm.m (220°F)
3585m - 3640m - Rw = 0,030 ohm.m (225°F)
3640m - 3725m -~ Rw = 0,024 ohm.m (225°F)

Rmf = 0,175 ohm.m@ 75°F
The formation water resistivities found from the SP-curve in this
well are compatible with corresponding values found in other wells

in the field by use of the SP-curve or by Magnolia plots.

B. Mud filtrate resistivity

The mud filtrate resistivity is taken from log heading and corrected

for downhole temperature;

Rmf 0,228 ohm-m@ 55°F

0,063 ohm-m@220°F

If plotting a Magnolia plot of Rxo in the water zone gives us a
Rmf value of 0,060 ohm.m which is close to the log heading value.
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C. Shale resistivity

The shale resistivity is taken from Deep Laterolog readings in
clean shales in each zone. Table 1 at the back of the report

summarizes the input parameters used in the interpretation.

D. FDC,CNL and SONIC 'shale properties

Figures 14 through 17 show FDC/CNL and FDC/BHC cross-plots for

the three separate interpretation intervals for this well,

I: 3525m - 3585m
ITI: 3585m - 3640m
IIT: 3640m - 3725m

As seen on these plots, the gas/sandstone line have been shifted
to compensate for hydrocarbon effect (gas effect). Further more,
the heavy mineral point and the shale point used as input into a
complex lithology model are also shown.

Log responses on shale are shown in table 1 behind.

E. Matrix parameters

The following matrix parameters were used as input into a complex
lithology model;

Quartz: 2,65 gm/cc - - 0,035 (frac.) CNL
Heavy minerals: 2,90 gm/cc - - 0,100 (frac.) CNL

Fluid point parameters: 1,0 gm/cc - 1,00 (frac.) CNL

The heavy mineral point has been choosen after a calibration proce-
dure used in the water well 15/6-5, where a good fit to core poro-
sity data was obtained. From thin section studies it has been found
that well 15/9-1 contains considerable amounts of mica, siderite and
ankerite in many of the permeable zones. Some of the noduies

which contain siderite and carbonates even have a higher grain den-
sity tha;'2.90 gm/cc.

A comparasion between log porosity and core porosity is done later
in this study.
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4. COMPUTATION OF FINAL ROCK PROPERTIES

The final rock properties found for this well are shown on the
analog presentation on the Summary log sheet attached behind in.
this report.

A summary of average values are found in table 2.

A. Shale corrections

Shale corrections were applied on porosity using the shale properties
found in table 2 behind. The shale indicators studied in this eva-
luation are shown on figures 17 through 19. For specific depth inter-

vals, the following shale indicators were used:

3525m - 3585m ': VSHGR,VSHSP,VSHDN
3585m - 3624m : VSHGR,VSHSP,VSHQ,VSHDN,VSHDS
3624m - 3646m : VSHGR,VSHSP,VSHDN
3646m - 3676.5m: VSHGR,VSHSP,VSHQ,VSHDN,VSHDS
3676.5m-3725m : VSHGR,VSHSP,VSHDN

A minimum value of the listed shale indicators were used over the

specified intervals.

B. Porosity computation

The porosity was estimated from the FDC/CNL crossplot. Shale and

hydrocarbon corrections were applied where necessary.

The porosity was corrected for residual hydrocarbons using the hydro-
carbon densities as found from the pressure tests with the Repeat
Formation Tester (RFT): (Figure 20).

3525m - 3640m 0,137 psi/ft - ph = 0,30 gm/cc
(3650m) Gas down to coalbed (Se figure 26)

3650m - 3700m : 0,350 psi/ft - ph = 0,76 gm/cc

3700m - 3725m 0,457 psi/ft - SALT WATER GRADIENT

Porosity was corrected for residual hydrocarbons in invaded zone
after the Schlumberger Coriband principle.
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The apexes used for quartz matrix, heavy minerals and the fluid

point were as mentioned in 3E.
.

C. Resistivity corrections on true resistivity,RT

The Dual Laterolog/Micro Spherical Focused log combination was

used to compute true resistivity-RT. The computation of Rq is done
after chart Rint 9 on page 57 in the Schlumberger Chart Book.
Figure 20 shows the invasion diameter (Di,inches) in the permeable
hydrocarbon zones in well 15/9-1. The invasion diameter (Di) is

varying from 30 inches to 50 inches in most part of the sands.

The resistivity corrections are only done over intervals where
R11D is greater then Rlls:

3588 - 3615m

3645 - 3650m

3654 - 3663m
According to the Schlumberger theory for resistivity corrections no
corrections for invasion should be applied in hydrocarbon zones

when Rlls equals Rlld.

In the water zone from 3700m to 3725m the Deep Induction Log (Ild,

6FF40) has been used as Rt in water saturation computations.
Ref: Log Interpretation Charts, Schlumberger 1977 Edition, page 57.

D. Water saturation - Sw

The water saturation was calculated using the Nigeria equation with
volume shale exponent equal to 1.6. (high resistivity shales).
Irreducible water saturation seems to be in the range of 10-12% in
clean hydrocarbon zones.

The values for cementation and saturation exponent, m,n, and litho-

logy factor a is established from a lot of core measurements in

well 15/6~5. All these measurements were done at standard conditions

and the effect of overburden could alter this formation factor
relationship.



9)

This formation factor relationship has been used in all wells inter-
preted in the Sleipner field.
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5. TESTS IN WELL 15/9-1

The testing program performed in well 15/9-1 was two Drill-Stem-Tests
and sampling and pressure measurements with the Repeat Formation
Tester (RFT).

A. Drill~-Stem-Tests

Two Drill-Stem-Tests were taken in the well;

DST 1: 3655m - 3660m (RKB)
4 shoots/ft.
Oil rate: 1330 STBOPD
Gas rate: 1.42 x 106 SCFD
G.O.R. : 1066 SCF/BBL
p Gas : 0,738 (rel.to air)
p oil : 26° API
Choke : 3/4"

The high gas-0il ratio during this test considering the heavy oil
produced, is probably explained by simultaneous prodlction of an oil
zone and a gas zone. The gas/oil contact has therefore been set at
bottom of coal bed at 3653,25m. More evidence that this test produced
also from a gas zone will be discussed later.

DST 2: 3602m - 3607m (RKB)
4 shoots/ft
0il rate: 812 STBOPD

Gas rate: 25,26xlO6SCFD
G.O.R. ¢ 32000 SCF/BBL

p Gas : 0,703 (rel. to air)
o 0il  : 45,4%p1

Choke : 1"

The gas-oil ratio testing this main gas zone is the same ratio as found
in well 15/6-3 which was drilled earlier.

B. Repeat Formation Tester (RFT)

Figure 21 through 25 shows the results from formation fluid sampling
and pressure measurements.
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The pressures measured downhole with the RFT are all plotted
versus depth on figure 26.

The top interval from 3525m to 3640m shows a gas gradient of

0,137 psi/ft (ph=0,30 gm/cc). The interval above the first

coal bed (3640m-3650m) also shows the same slope of the gradient
line (gas gradient) except for one sampling pressure which is
approximately 10psi higher than the two pressure measurements
above the coalbed. It is believed also from the pressure measure-
ments that the sand above the upper coal in well 15/9-1 is gas
bearing. The lower part of this sand (below upper coal bed) shows
an oil gradient of 0,350 psi/ft (ph=0,76 gm/cc).

The water zone (3700m-3725m) shows a salt water gradient of 0,457
psi/ft. (See figure 26).

The pressure data from the RFT could also indicate two separate
reservoirs.
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6. CORING AND CORE ANALYSIS

9 (nine) cores with a total length of 154.5m were recovered in the
well. The cores were corrected to FDC/CNL-GR log depth as listed
below and as also shown on the Summary Log sheet. During a clean-
up trip in the well after core 9 was taken, the drilling essembly
was stuck down-hole. The well was plugged back to 3450m and side-
tracked down again into the reservoir. Figure 27 summerizes the
events before and after sidetracking. Therefore, CORES AND LOGS
ARE NOT FROM THE SAME WELL. Some differences between logs and

core data can be observed in this case. This will be discussed

later on.

The following measurements were done by GECO Laboratory: Saturation

and helium porosity, horizontal and vertical liquid and air per-
meability, residual oil and water saturation and grain density.

Some special core analysis data will be covered later.

CORE 1: 3521m - 3539.3m (18,3m)
Recovery: 100%
Corrected to FDC/CNL-GR:
3525.25m ~ 3543.5m

CORE 2: 3539.3m - 3557.5m (18.2m)
Recovery:100%
Corrected to FDC/CNL-GR
3543.75m - 3562m

CORE 3: 3557.5m - 3567.7m (10.2m)
Recovery: 100%
Corrected to FDC/CNL-GR:
3562m - 3572.25m

CORE 4: 3567.7m - 3586m (18,3m)
Recovery: 100%
Corrected to FDC/CNL-GR:
3572.25m - 3590.5m
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CORE 5: 3586m - 3603.1m (17.1m)
Recovery: 93,4%
Corrected to FDC/CNL-GR:
3590.5m - 3607.0m

CORE 6: 3603.1m - 3621.3m (18.2m)
Recovery: 100%
Corrected to FDC/CNL-GR:
3607m - 3618m and
3619m ~ 3626.25m

CORE 7: 3621.3m - 3639.1m (17.8m)
Recovery: 97,3m
Corrected to FDC/CNL~-GR:
3626.25m -~ 3644m

CORE 8: 3639.1m - 3657.4m (18.3m)
Recovery: 100%
Corrected to FDC/CNL-GR:
3644m - 3662m

CORE 9: 3657.4m - 3675.5m (18,1m)
Recovery: 99%
Corrected to FDC/CNL-GR:
3662m - 3680m

A. Helium porosity

The core porosity is compared with the complex lithology porosity
on figure 28. Figure 29 shows histogram plots of core porosity
(PORHE) and complex lithology porosity (PHIF).

As can be seen on figure 28, the log porosity and the core porosity
does not correspond with each other in tight shale or silty intervals.
This can also be verified by looking at the Summary Log sheet. Very

often, in thight intervals, the core plugs are picked selectively in

small porous sand stringers which are difficult to se by the logging
tools. The helium porosity might also be to optimistic in these
intervals due to dehydration of clay particles during extraction of
the core plugs.
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When doing log/core correlation for this well, a discorrelation was
found in the interval 3664m-3668m. The core porosity is considerably
higher than the log porosity over this interval. The distance or
length between the two coal beds is also longer in the cored well
than in the logged (sidetracked) well. When comparing log and core
data, it should also be remembered the fact that logs and cores are
from two different wells, and it also proves to a certain degree the

rapid variation in lithology laterally.
The histogram plots on figure 29 shows the log and core porosity.
For porosities greater then 0,10 (fractions) the following relation

was found;

Average log porosity: 0,171
Average core porosity: 0,174

Log porosity = 0,980 x core porosity.

Figure 30 shows the effect of net confining pressure on porosity for
three core plugs done by Statoil Petrophysical Lab.

Net overburden in well 15/9-1 is estimated to be in the range of
3500~-3700 psi.

To get a reduction in core porosity of about 0,3 - 0,5%, a correction
factor of 0,28 must be applied on net overburden to agree with the

results found here.

B. Grain density

The grain density measured on core plugs and the matrix density as

a result from the log interpretation is presented on figures 28 and 31.

Core plugs : 2.67 gm/cc

Log evaluation 2.70 gm/cc

Figure 28 shows the big differences in the tight shaly and silty inter-
vals. The agreement between grain density from core plugs and matrix
density from log interpretation is good in the clean sand intervals.
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The matrix density from the log interpretation is found after

shale and hydrocarbon corrections have been applied.

All core plug measurements are done at standard conditions (6OOF,
14,7 psi).

C. Permeability

Figure 32 shows horizontal liquid permeability (KLH-md) plotted
versus log porosity (PHIF). Disregarding the scattering of plotted
data at low permeability and porosity, the following relationship
between horizontal permeability and log porosity is found:

logloKLH = 55.04 ° @ - 8.52

(Porosity in fractions)
Figure 33 shows vertical liquid permeability (KLV-md) plotted
against log porosity in the same manner. The relationship between

vertical liquid permeability and log porosity is as follows:

log, oKLV = 57.52°9-9.2
(porosity- in fractions)

Figure 34 shows a plot of vertical liquid permeability versus
horizontal liquid permeability. The vertical permeability is 2/3
of the horizontal permeability

KLV = 2/3 KLH.

D. Residual o0il and water saturation

The residual oil and water saturation in core plugs are all plotted
on the Summary Log Sheet attached behind.

According to Core Lab. experience factors the following assumptions

are valid:



N N

16)
Type of fluid to be produced So . STW
Gas < 2% < 50%
0il > 10% <50%
Water <10% >50%

So = Residual oil saturation (% pore space)
STW= Residual water saturation (% pore space)

If looking back on the residual saturation core data on the Summary
Log sheet, it is found that gas conditions are-present down to the
coal bed at 3650m. Below the coal bed, the residual o0il saturation
is increasing up to 10% and should therefore indicate oil in the
formation as already found from tests. Use of residual saturations
are the third evidence of gas above the coal bed.

E. Cut-off

The following cut-off values have been used when studying this
well and other wells in the Sleipner field:

@< 0,10 (fractions)
VSH > 0,40 (fractions)

SW > 0,60 (fractions)

F. Special core measurements

Figure 35 shows some capillary pressure measurements done by Stat-
0il Petrophysical Lab. From these measurements, the irreducible

water saturation (Swirr) seems to be around 10% in the best reservoi.
sand.
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7. DISCUSSION

The interpretation of well 15/9-1 shows a fair to good correlation:
with informations from core data. Some differences can be seen from
analysis of log data compared with core data, but as already

mentioned, logs and cores are not from the same well.

The gas/oil (heavy o0il) contact is set as bottom of first coal bed
in the well, 3653.25m. There are several indications which proves
this;

- Drill-Stem-Test 1 (3655m-3660m) showed a high gas/oil ratio taken

into consideration the heavy o0il produced (26°API). It is therefore
believed that this test produced an oil and gas zone simultaneously.
- The pressure measurements with the Repeat Formation Tester (RFT)

may indicate a gas gradient line above the coal bed (see figure 26).

- The residual o0il saturation from core plugs indicates gas in the

formation above the coal bed.

If comparing well 15/9-1 with well 15/9-2 the interpretation of the
gas water contact in well 15/9-2 is at 3653.75m which in fact is in
good agreement with the gas/oil contact in well 15/9-1.

The oil/water contact is interprected to be located at 3685m in well
15/9-1.
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8. SUMMARY OF INPUT PARAMETERS AND EVALUATION RESULTS.

The input parameters into the log interpretation is shown in table
l. The mineral model and its input parameters were mentioned under
point 3D.

Table 2 shows the zonation of well 15/9-1 with average petrophysical
parameters for each zone and total for the whole Jurassic studied

here.

Results of Petrophysical evaluation:

Net pay ¢65.75m
Net sand :92.25m
@Net pay :17.1%
PNet sand :16.1%
SW Net pay :28.3%
SW Net sand:45.9%
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TABLE 1 - INPUT PARAMETERS INTO EVALUATION - 19)
WELL 15/9-1
15/9-1 DEPTH INTERVAL (M)
Parameters 3525 - 3585 3585 - 3640 3640 - 3725
pbsh (gm/cc) 2.52 2.53 2.55
CNLsh (fractions) 0.36 0.28 0.30
Atsh (usec/ft) 92 | 85 90
Rsh (ohm-m) 4.6 5.4 4.8
Rmf (ohm-m) 0.063 0.062 0.060
Rw (ohm-m) 0.030 0.030 0.024
Temp. (°F) 220 225 225
ph (gm/cc) 10.30 0.30 0.30/0.76
GRmax. (API) 920 92 90
GRmin. (API) 30 30 25
Lithology model SS/H.MINERAL SS/H.MINERAL SS/H.MINERAL
C/Phinfl. 1.0 1,500 1,254
C/Phisfl. 1,0 1,183 1,281 |

C/Phinfl. and C/Phisfl. denotes a shift of the sandstone matrix
line in the computer due to gas effects on FDC/CNL and FDC/BHC crossplots.




TABLE 2 - AVERAGE PETROPHYSICAL PARAMETERS - WELL 15/9_.—_1 20)

Zone Thickness Net sand Net pay PN.sand @N.pay SWN.sand SW N.pay VSHN.sand | VSHN.
(m) (m) (m) (m) (%) (%) (%) (%) (%) pay (%)
3530-3585 55 17.75 11.25 15.1 17.0 52.5 42.6 15.1 10.9
3585-3616 31 29.75 28.50 17.2 17.4 26.6 24.0 6.6 6.1
3616-3620 4 1.25 0.75 12.6 13.1 57.7 55.2 10.3 17.1
3620-3650 30 10.25 9.75 16.4 16.6 33.4 31.7 - 10.5 ' 9.8
3650-3653 3 Coal - - - - - - -
3653-3672 19 : 15.5 15.5 17.2 17.2 22,2 22.2 2.6 2.6
3672-3676 4 Coal - - - - - - -
3676-3700 24 0 0 - - - - - -
3700-3725 25 17.75 0 14.7 - 98.6 - 4.9 -
TOTAL 195 92.25 65.75 16.1 17.1 45.9 28.3 7.7 6.8

The zones have been labelled from I to IX. 3Zone IX could possibly be of Triassic age.
Of net pay: 50,25m gas pay
15,50m o0il pay

<
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Cut-off wvalues:

@ <10%
VSH >40%
SW >60%

1

Formation factor relationship: F = /¢2

Average grain density lab.: 2.67 gm/cc
Average grain density logs: 2.70 gm/cc

Log/core porosity relationship:

PHIF = 0,980 x PORHE

Horizontal liquid permeability relationship to log derived porosity:

log, oKLH = 55.04 ° @ - 8.52

Vertical liquid permeability relationship to log derived porosity:

Horizontal liquid permeability to vertical liquid permeability:

KLV = 2/3 KLH
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9. CONCLUSION

Well 15/9-1 discovered a heavy o0il layer which has not
been found in the other wells in the Sleipner field.

This heavy o0il showed to be producible, but at very low
flow rates. 1Its viscosity is high, and production problems
with recovery of this oil layer is certain. This heavy

0il layer could also be of limited lateral extent.

The main gas zone in this well produced at flow characteristics

as expected for the field.

One characteristics for this special well is the very complex

lithology.
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APPENDIX

The main differences between this evaluation

and the study done earlier through the report
"pPetrophysical Evaluation of well 15/9-1",dated
in May 1977 is the increase in net pay. This is
mainly caused by increased net pay estimates in
the interval 3545m - 3570m. This interpretation
takes complex lithology into account, while the
earlier study was done with a single shale indi-

cator - GR,
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MID Chart 7
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Figure 18

VOLUME SHALE INDICATORS
3610 m - 3700 m
WELL: 15/9-1
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VOLUME SHALE INDICATORS
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Figure 20

INVASION DIAMETER-Di
IN PERMEABLE HYDROCARBON
ZONES IN WELL 15/9-1
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REPEAT FORMATION TESTER

PRESSURE TEST SUMMARY

Test No. Depth Pressure Build-Up Time Test No. Depth Pressure Build-Up Time

] 3716.5 6485 4 min, 21 356? 5 6254 2.2

2 3708 6485 1.5 22 35 6263 4.5
3 3703 6466 2.3 23 3553.8 62351 2,5

4 3669 6352 2.8 24 3550, 5 6249 2.5

] 3660 6341 2.6 35 ggg;; - 6.1

b 3658 6338 2.6 6 1.8 132 2.1

7 3646 6321 2.5 27 3532 - 1.4

8 3642 6320 3.4 28 3546 130 1.2
9 3621.5 6281 2.6 29 3703.3 126 1.5

10 3614 6283 5.0 290 | 3703.5 - -

N 3611.2 6277 2,9 0. 3;834% - -

12 3607 6275 2.6 ) 32 9N - B

13 3603 6272 2.6 3 28815 - 1.0

14 3598.5 6272 2.9 35 2881.2 - 1.0

15 3595 6269 2.8

16 3993 6266 2.9

17 3590 6264 2,6

18 3588 150 2.3

19 3589 6262 2.5
20 3575.7 16259 3.0

Tz @anb1a



Figure 22

REPEAT FORMATION TESTER RECOVERY AND INTERPRETATION DATA

RECOVERY DATA FORMATION AND LOG DATA
FORMATION TESTNO._ 31 . 33 |  Gow(Towh S = . _ch | Formation e
Cond = [ Porosity %
TEST DEPTH 3203.2 3A2.9 oil —— c Rt —_—_F
Waoter 10400 . cc Rw —lu °F
Mud —— e CC Chart NaCl e ppm
Sand . - cc Tirared Ci - —ppm
: Water Saturation %
PRESSURE DATA RECOVERY ANALYSIS MUD FILTRATE DATA
Initial Shut in psi Free Gas - cuht Rm# 0,226 60 _°F
Shut In Time _— mim Oil Chart NaCl 25,000 ppm
Sampling psi APl Gravity @ =__°F Titrated Cl —T ), ]
‘Sampling Time B mime GOR hed :
Final Shut in 4379, 6436 pvi Water TOOL DATA
Shut in Time - mins Rrf (filtered) L2492@ 16.3C Sample Unit Size 23/4 Gall e
Hydrostotic TR on Chart NoCl 34,000 ppm | Choke Size 4 » 0.020
Surface Chomb - Y Titeated Cl ppm Probe Filter COM
Formation Water % Restrictor [ ves No
RESULTS INDICATE THAT ' ‘ MAY BE EXPECTED AT THIS DEPTH.
REMARKS First tried to fill 2 3/4 Gell', Chamber ot 30703.2 for 13 mins. | GAS ANALYSIS
Reset tool of 3702.9, ond filled both chambers, FreeGos _Cuht
SolutionGes _ _________ Cult
Totol Gos __________ Cuh
REPEAT FORMATION TESTER RECOVERY AND INTERPRETATION DATA
RECOVERY DATA FORMATION AND LOG DATA
FORMATION TESTNO.__ . 38 Gos (Totol) - et | Formotion
Cond = cc Porosity - %
TEST DEPTH SM.9 | ou -« R ¥
Water ._________mu Rw —_— °F
Mud ———C Chart NaCl —_— e PPM
Sand . S—— Titrated Cl —— ..
Water Soturotion - R . %
PRESSURE DATA RECOVERY ANALYSIS MUD FILTRATE DATA
¢ inivial Shut in L N ] Free Gos —_— b Rmf Q226660 °F
Shut In Time —_mins oil Chart NaCl 25,000  ppm
Sampling ———— P AP Gravity - @ _=__F Titrated Ci -_  _ppm
Sampling Time 13 mins GOR : :
Final Shut In 436 pri Woter , TOOL DATA
Shut In Time 4! mins Rrf (filtered) o_.l%‘.@&.&‘ C Sample Unit Size ]]_%9.%70__ cc
Hydrostatic .EP" Chart NaCl _.._....‘.4.._.._99"' Choke Size _Csmv__
Surface Chamb hd psi Titrated Cl —-—Ppm Probe Filter VMDA
F ion Water < % Restrictor ) Yes K} No
RESULTS INDICATE THAT MAY BE EXPECTED AT THIS DEPTH.
REMARKS 0 GAS ANALYSIS
Segregoted Somple {FreeGos ______. . Cub
Solution Gos . _ Cuft
Total Gas ... . Cuh
REPEAT FORMATION TESTER RECOVERY AND INTERPRETATION DATA
RECOVERY DATA FORMATION AND LOG DATA
FORMATION TESTNO._36 |  Ges (Total) Q}.4 cwh | Formation i
. Cond Yoge e Porosi —_————%
TEST DEPTH 3658 oit - ce Rt " iUt e VF
Woter ﬂcc Rw [P (T
Mud — e Chort NoCl I— )
Sand PUN—— - Titrated Ci —_—  _ppm
Waoter Saturati %%
PRESSURE DATA RECOVERY ANALYSIS . MUD FILTRATE DATA
Initial Shut in 8336 Free Gos 0.4 ok |Rmi 0,226 _.__F
Shut In Time - mins Oil Chart NaCl 25,000 ppm
Sampling psi APl Gravity @ °F Titrated CI —— e PPM
Sompling Time % mins GOR
Finol Sht In psi Waoter TOOL DATA
Shut In Time _%__mim Ref (fillered) 0,224 @ 10 °C Somple Unit-Size 24 e
Hydrostatic poi Chart NaCl —26,000 ppm |  Choke Size 4x0,000
Surfoce Chamber _ 400 oy Tiated CI ppm | Probe Filter COMBO
FormationWater % Restrictor Oves &INo

RESULTS INDICATE THAT

MAY BE EXPECTED AT THIS DEPTH.

REMARKS [ GAS ANALYSIS
Free Gos  __ . Cuh
Solution Gas ___ .. Cuh
Totel Gos ___Cult
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Figure 23

REPEAT FORMATION TESTER RECOVERY AND INTERPRETATION DATA

RECOVERY DATA

FORMATION AND LOG DATA

FORMATION TESTNO._37 Gas (Total) ch | Formation —
Condensate roce cc Porosity %
TEST DEPTH 3646 o . _l%_.« R i ___F
. Water S AR - Rw - 4 F
Mud P U - Chart NoCi — . PPM™
Sand — e CC Titroted C| : PEN——.T. ], ]
Water Saturati %
PRESSURE DATA RECOVERY ANALYSIS MUD FILTRATE DATA )
Initiol Shut in 6320 e Free Gos . coft | Rt 0.2260: __ 60 ¢
Shut in Time - Oil Chart NoCl &Lppm
Sampling 5638 e AP Gravity — t@___"F Titroted CI P -1, |
SomplingTime .4 ________ mims GOR
Final Shut In 6 i Water ] TOOL DATA
Shut In Time 4 mins Ref (fihered) 0.295 @16 °C Somple UnitSize 1 Gall <
Hydrostatic Fpﬂ Chart NaCl 24000 ppm |  Choke Size 4 x 0,020
Surface Chamber poi Titrated Cl ppm Probe Filter COMBO
Formation Water % Restrictor L) Yes Xl No
RESULTS INDICATE THAT MAY BE EXPECTED AT THIS DEPTH.
REMARKS —— e R GAS ANALYSIS
free Gas . Cuht
SolutionGas _ . . Cuft
i Totol Gas . .. Cuh
REPEAT FORMATION TESTER RECOVERY AND INTERPRETATION DATA
", e RECOVERY DATA FORMATION AND LOG DATA

FORMATION TEST NO... 38 Geos (Total) 755 b Formation _—
Condensate _g_ cc Porosity AN
TEST DEPTH 3621.5 oil ace cc Rt —fu °F
Water ___2_4._.________« Rw ——ftt e _F
Mud P 4 Chort NaCl ——ppm
Sand P - Titrated Ci - _ppm
Water $ i %
PRESSURE DATA RECOVERY ANALYSIS . MUD FILTRATE DATA
Initial Shut in 8277 Free Gas wh | Ret 22§_,,, R
Shut In Time 0,5 _mims oil Chort NaCl __Z..JLm__._PPm
Sampling _?%E___pﬂ AP1 Gravity — @ °F Titroted CI ppm
Sampling Time mins GOR
Finol Shut In [ i Water TOOL DATA
Shut In Time 0.5 ming Rrf (filvered) 033 @ 18 °: Somple Unit Size . 23/4 ___cc
Hydrostatic 7233 pai Chart NaCl _Z.LM__ppm Choke Size —4x0.020
Surface Chamb 2400 psi Titrated Cl ppm Probe Filter —_ COMBO
FormationWater _____ % Restrictor {Jves [dNo
RESULTS INDICATE THAY MAY BE EXPECTED AT THIS DEPTH.
REMARKS | GAS ANALYSIS
Free Gas .. Cub
SolutionGas _ . _ . Cuht
| Total Gas . .. Cub
|
REPEAT FORMATION TESTER RECOVERY AND INTERPRETATION DATA
RECOVERY DATA FORMATION AND LOG DATA
FORMATIONTESTNO..39 | Gas (Toah 8.2 wh| formanon R
Condensote cc Porosity - %
TEST DEPTH LS99 | o oce R _F
Water _Zm_u Rw - F
Mud - cc Chart NaCi JOURR— 1],
Sond PN ANR— - 4 Titrated Ci JON— .7,
Water Saturotion R .
PRESSURE DATA RECOVERY ANALYSIS MUD FILTRATE DATA
Initial Shut in im__.____psi Free Gos —— _cuft fAmt 0. 22 26 ., _00 f
Shut In Time DS  _ mim ol ¢ Chart NaCl 25,000 ppm
Sompling iﬁ&__pﬂ APl Gravity —l@____°F Titroted Cl — e ppPmM
Sompling Time Y mins GOR
Final Shut In _?2_43___». Water TOOL DATA
Shut In Time mins Ref (filtored) 0. 2%_4‘ g 17 - Sample Unit Size 1 Gall ce
Hydrostotic po Chort NoCl Choke Size XU,
Surface Chomb pyi Yitrated Cl ppm Probe Filter __LUMBY
F lon Water % Restri {JYes K| No
RESULTS INDICATE THAT MAY BE EXPECTED AT THIS DEPTH.
REMARKS L GAS ANALYSIS
- FreeGos __ . _Cul
SolutionGas__ . ___ Cuht

' Tota! Gos _. .Cuh




Figure 24

REPEAT FORMATION TESTER RECOVERY AND INTERPRETATION DATA

Finol Hydrostotic 7329.

. RECOVERY DATA® FORMATION AND LOG DATA
FORMATION TeST NO.__41 ! Gos (Total) 0.2  _«wn ] Formation e
Condensate b cc Porosity e e e “‘o
_TEST DEPTH 3669 oil . c Rt — G ____F
Water MCC Rw e F
Mud R W—— 4 Chort NoCl JUS—— 1 1]
Sand P Titrated Ci — _ppm
Water Saturation e %
PRESSURE DATA RECOVERY ANALYSIS MUD FILTRATE DATA
Initial Shut in 6353 psi Free Gas 0.2 b Rmft 0.226 ., 60

Shut In Time 0.5 mins oil Chart NaCl 25,000  pom
Sompling wu—mi APl Gravity °@ °F Titrated C! - ppm

Sampling Time 14 mins GOR
Final Shut In psi Water TOOL DATA .

Shut In Time _ .7 mins Rrf (filtered) 0, 268 @ 17 € Sample Unit Size — ?_ 3/4 C. ce
Hydrostatic _See psi Chart NaCl _u._m_ppm Choke Size . _4 x 0,020
Surface Chomb 4 psi Titrated Cl ppm Probe Filter —_ _C__O_]_;‘BO____

Formation Water % Restrictor Llves FiNo
] AL d
RESULTS INDICATE THAT MAY BE EXPECTED AT THIS DEPTH.
REMARKS Inttial Hydrostotic 7342 . GAS ANALYSIS

VFrnHGus Cuht
Solution Gos ) Cuft

Total Gas . i Cutt

REPEAT FORMATION TESTER RECOVERY AND INTERPRETATION DATA

RECOVERY DATA

FORMATION AND LOG DATA

FORMATION TEST NO.__42 Gas (Total) 3.3  wh | Formation —
Cond b (] Porosity ————
TEST DEPTH 95538 oil - < Rt —_— i _F
Water __J_________aswcc Rw — o F
Mud [ A—— Chart NaCl e __pPm
Sand —_—— ¢ Titrated C| JUSS———— .7}
Water Saturation ——— P
PRESSURE DATA RECOVERY ANALYSIS MUD FILTRATE DATA
Initial Shut in _&A_psi Fres Gas _Ved ot Rmé 0.226_+ 60_ ¢
Shyt In Time _wu__mim il Chort NoCl 25,000 ppm
Sampling O e APl Gravity @ °F Titrated Cl [E—— -1, |
Sampling Time 9 mins GOR
Final Shut In 626) o Water TOOL DATA
Shut In Time 2 mins Rrf (filtered) 0.245 @ 14 °C Sample Unit Size 1 Cali cc
Hydrostatic N is psi Chart NoCl LN ppm Choke Size i;b-__ Y
Surtace Chamb ‘m psi Titrated CI| ppm Probe Filter A_,,.-S:Q.I:‘EB_U__
Formation Water % Restrictor ' Yes ¥ No

RESULTS INDICATE THAT

REMARKS

— MAY BE EXPECTED AY THIS DEPTH

GAS ANALYSIS

. Free Gos Cuht
i‘ lution Gos Cuft
- Total Gos Cutt

REPEAT FORMATION TESTER RECOVERY AND INTERPRETATION DATA

FORMATION TEST NO._43

RECOVERY DATA

FORMATION AND LOG DATA

Gas (Topml) — et Formation R
Cond . = cc Porosit ————— %
TEST DEPTH ~87?55 | o 18,800 . S ¥
Water = cc Rw ltt e F
Mud = cc Chart NoCl . ppm
Sond —cC Titrated CI ——— e PPM
Water Saturation %
PRESSURE DATA RECOVERY ANALYSIS MUD FILTRATE DATA
Initial Shut in 6499 psi Free Gos = cuft Rmf 0.226 . 60 ¢
Shut in Time _6- 5 mins Qil Chart NoCi 5, 000 ppm
Sampling 900 o APl Gravity e @____°F Titrated C ppm
Sampling Time 6 mim GOR
Finol Shut In _g»4§2 psi Water TOOL DATA
Shut In Time 4 .5 ming Ref (filtered) anéL@ 59 __°F Sample Unit Size __.’zz__C_JJ___' ] €
Hydrostatic hed psi Chert NoCl ppm Choke Size
Surface Chomb 200 pi Titroted Cl ppm Probe Filter COMBO
Formation Water % Restrictor k) Yes [.J No
RESULTS INDICATE THAT ! MAY BE EXPECTED AT THIS DEPTH.
REMARKS _______ See segregated sample below, b —_ . GAS ANALYSIS
— Free Gas Cuft
— e et s e Soiution Gas o
Totel Gas . .~ Cu#t
L




Figure 25

REPEAT FORMATION TESTER RECOVERY AND INTERPRETATION DATA

FORMATION TEST NO._43 (Seg,)

TEST DEPTH 3725.5

RECOVERY DATA

Gas (Total) —— = it
Cond: [ = ({4
o]} - = ke
Water _J._&Q___u
Mud ——— cC
Sand ——

FORMATION AND LOG DATA

Formation s

Porosity I L%

R o 4

Rw S U
Chart NoCl . S—
Titrated Ci JONUERUUR— T
Water Soturation e o

PRESSURE DATA

nitial Shur'it . psi
Shut In Time = mins
Sompling 1900 psi
Sampling Time 4 mins
Final Shut In 6462 psi
Shut In Time g. 3 ming
Hydrostatic D88 Delow psi
Surface Chomb 0 psi

RECOVERY ANALYSIS

MUD FILTRATE DATA
Rent 0.226 . 60

free Gos - cuft .__F

oil Chart NaCl 25,000 __ppm
APl Gravity @ °F Titrated Cl R T
GOR

Water TOOL DATA
Ref (filtered) 0.277 _@ 59 __°F Sample Unit Sire VGl e
Chart NaCl ppm Choke Size e T
Titrated Cl e ppm Probe Filter . CO“BQ -
For N Wo'?v % Restrictor x| Yes No

RESULTS INDICATE THAT

<~ .. MAY BE EXPECTFD AT THIS DEPTH

REMARKS _______ Segregated somple. — e . GAS ANALYSIS
Lnltlol nggg'oﬁ; 7457 . e e Free Gas Cuht
inal Hydrostotic 7446 e R | Sotution Gos Cubt
o - . Toto! Gos Culr
P .
REPEAT FORMATION TESTER RECOVERY AND INTERPRETATION DATA
RECOVERY DATA . FORMATION AND LOG DATA
FORMATION TEST NO.__44 Gos (Total) 3 . __wh | Formation
Cond: roce __cc Porosity )
TEST DEPTH 3603 oil race Rt TR
Water ._L____ia‘( Rw Y ¥
Mud =t Chaort NoCl e . pPPM™
Sond — Titroted Cl . L. ppm
Water Soturation . )
PRESSURE DATA RECOVERY ANALYSIS MUD FILTRATE DAYA
Initial Shut in _2231____..»5 Free Gas N — ]} Rmf 0.226 ., o0 ¢

Shut In Time 1 mins oil Chort NoCl 25,000 oo
Sampling _?__—_mpli AP Gravity ‘@ °F Titroted C! — _ppm

Sampling Time _L_____mim GOR
Final Shut In psi Water TOOL DATA \

Shut In Time . mins Ref (filtered) 0'53 ?2@ 18 < Sample Unit Size . __Qi-‘c_‘nl_!_, cc
Hydrostatic —yee below pyi Chart NaCl ____,_&ppm Choke Size _ = _
Surfoce Chomb 800 psi Titrated Cl ppm Probe Filter —_ QK‘B_O_ -

Formation Water % Restrictor Kl Yes | iNo
RESULTS INDICATE THAT é MAY BE EXPECTED AT THIS DEPTH
REMARKS . GAS ANALYSIS
no rostatic B Free Gas . Cuht
! Solution Gas Culr

| Total Gos Cuft

A

REPEAT FORMATION TESTER RECOVERY AND INTERPRETATION DATA

FORMATION TEST NO,__ 45

TEST DEPTH - a&:é -

RECOVERY DATA

Gas (Total) 2 cutt
Condensate _‘;zncl cc
[o]]] __lrace cc
Waoater __-’_.2_w ¢
Mud [ 7
Sand — cc

FORMATION AND LOG DATA

Formation A IV
Porosity I
R et F
Rw et I
Chort NaCl . . PPM
Titrated Ci Ce —-T 1
Water Soturation .. B

PRESSURE DATA

tnitial Shut in -7 (<
Shut in Time __QLL__M.GI\I
Sampling ._422!)______ psi
Sampling Time ming
Final Shut In _42&‘____1-’“
Shut In Time _7_ mins
Hydrostotic ...ZJ.OL.._P!I
Surface Chamb 1200 psi

RECOVERY ANALYSIS

MUD FILTRATE DATA

Free Gos £ _cuft Renf 0274 Lo ‘@- 't

oil Chort NaCl Cc A
APi Gravity ‘w__°F Titroted Cl T _ppm
GOR

Water TOOL DATA
Ref (fitered) - 0.251 @05(;6_ ‘. ;,),,,.,,|. Unit Srze VY Cal L
Chart NoCl 55. ppm Choke Size R o
Titrated CI - Ppm Probe Filter CCTIMBCT
Formation Water % Restrictor Y Yei No

RESULTS INDICATE THAT __

REMARKS

P MAY BE EXPECTFD AT THIS DEPTH

: GAS ANALYSIS
... Free Gos Cutt

| Solution Gas Cutt
' Total Gos Cult




FIGURE 26

3500 ' PRESSURE MEASUREMENTS WITH RFT
REPEAT FORMATION TESTER- 15/9-|
JURASSIC SAND

e - PRESSURE MEASUREMENTS
s - [NITIAL SHUT-IN PRESSURE
FOR SAMPLING.

0.137psi/fi

\

> POSSIBLE GAS GRADIENT
¢ \ (ABOVE COAL BED)
\
3650 0.350 psi/ft
0.457 psi/ft
~ 3700
e
To-3736mL INTERVAL:
L 3750 3525m - 3640m: OI37psi/ft - ph= 0.30gm/cc

3640m - 3700m: 0.350psi/ft - ph = 0.76 gm/cc
3700m - 3725m 0 457psi/ft- SALT WATER GRADIENT.

6300 6350
'l

1 L 1 A i L

6400 6450 650
'

L AL 3 L

FORMATION PRESSURE (PSi)

Il (NN N Gk =N G ==
L 2
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SIDETRACKING AFTER CORING
__WELL 15/9—1 _

METER
3400 Figure 27

— — JOP FISH=3507M__ __

3518m

3563m

| 3586m

9 CORES
154,51M

_____ L | BOITQM EISH—=3650M

3675,51

37007

TD=3734M

AVERAGE DRIFT ANGLE: 3-31/2°
IN THE NORTH—EAST DIRECTION.
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