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FOREWORD

The purpose of this well completion report is to provide a concise
summary of the.information collected by The Analysts International S.A
on well 1/9-6 and to highlight the more pertinent observations

made.

Any interpretation of the data in this report is made in the light of
our experience and with the information made available to us whilst
logging. Such interpretation is made in good faith every effort

having been made to present an accurate evaluation of the available
information.
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SECTION A

1. Company : Phillihs Petroleum Company, Norway
Well number : 1/9-6
Area : Offshore Norway, North Sea. Gamma structu
Rig : Sedco 703
R.K.B. - M.S.L. : 25.36 m
M.S.L. - Sea bed : 75.59 m
Spud date : 21st. March 1982
Logging commenced : 26th. March 1982 at 167.79 m
Logging completed : 13th. July 1982 at 3880 m

2. Well 1/9-6 is an appraisal well on the north-west flank of

the gamma structure. The purpose is to get more information
about the size K reservoir quality and fluid properties of the
hydrocarbon accumulations in the Ekofisk and Tor formations

3. Casing programme.
Measured depth True Vertical Depth
3o” casing shoe 167.79m 167.79m
20" casing shoe 462.05m 462.05m
13 3/8" casing shoe 1452.70m 1367.35m
9 5/8" casing shoe 3140.09m 2867.0 m
™ liner shoe 3866.50m 3514.0 m
4, Logging services provides by The Analysts Schlumberger.

A. Total concept logging service was provided comprising:-

(a) Idel system
(b) Engineering and geologocal auxiliary programmes.
{(c) Conventional Mud logging system

(a) Idel System (Instantareous drilling evaluation loqg)

~
An online system collecting and monitoring relevant drilling
parameters and scanning every half metre and computing the
following on a real time basis: -

1. 'A' exponent lbs/gal and S.G.

2. Formation pore pressure lbs/gal and S.G.

3. Depth in metres.

4. Rate of penetration - metres/hour.
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(b)

(c)

5.
6.
7.
8.
9.

Weight on bit - K lbs

Accumulative drilling hours
Rotary R.P.M.
Cost per half metre
Hours on bit.

10.'D'exponent

1l1.Bearing wear

Rate of penetration (m/hr),

'A' exponent and 'D' exponent

were plotted instantaneously using an x-y plotter.

Computed data displayed on two CRT's one in the logging
unit , the other in the company office.

Engineering and Geological Auxiliary Programmes.

1. Equivalent circulating density.

2.
3.
4.
5.
6.
7.
8.

Frac gradient calculation.

Kill programme.

Compensated 'D' exponent calculation.

Swab-surge calculation

Hydro
T.V.D.

Trip monitor

Conventional Mud logging system.

7.
8.
9.

Continuous
Continuous
in mud.

Continuous
Continuous
Continuous

Continuous

monitoring of total gas

content of mud.

chromatographic analysis of hydrocarbon gases

monitoring
monitoring
monitoring

monitoring

and trip tank.

Continuous

Continuous

Monitoring pump pressure.

monitoring

monitoring

of
of
of
of

of
of

drilling rate.
pump strokes.
torque.

. . -
pit volume, reserve, active pits

mud weight in/out.

temperature in/out.

10.Monitoring of mud return rate.
11.Bulk density.

12.Shale factor.

13.Calcimetry.
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14, Cuttings gas.

15. Lithology interpretation and description.

16. Fluoroscopic examination of drill cuttings.

17. Connection gas notation.

18. Trip gas notation.

19. Mud properties, drilling parameters notation.

20. Preparation of a log in sepia form to Phillips Norway
specifications.

21. Collection, washing and packing of lagged cutting sample

22. Collection of mud samples as and when required.

Sample Collection.

1. Phillips Samples

4 wet and 4 dry samples over the following intervals:-

(a) 30" casing shoe to 3140m. Every 10m
(b) 3140m to T.D. Every 3m

One composite sample of unwashed cuttings for petro-

chemical studies were canned at 30m intervals throughout
the whole well.

2. Mud Samples.

At the discretion of the wellsite geologist.

Analysts Schlumberger Personnel.

K.A. Lander Unit Manager

A.T. Palin Unit Manager

G. Jones Unit Manager ~
K.A. Jappy Assistant unit manager

A.J. Smith Assistent unit manager

I.M. Gostick Logging engineer

J.K. Blackburn Logging engineer

S.A. Banks Logging engineer

R. Du Fresne Junior logging engineer

w.J. Wallace Junior logging engineer.
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GEOLOGICAL SUMMARY

200 - 450 m

In the upper part of this section, sand beds interlayered with clay
are dominant.

The sand are mainly clear, fine to very fine grained, subrounded and
moderately well sorted.

These fairly thick sands frequently contain traces of shell fragments,
lighite, carbonaceous material, wood fragments and pyrite in varying
amounts.

The interbedded clay layers are usually light brown to light grey, soft,
sticky, amorphours and are slightly to very calcareous.

450 -~ 800 m

Clays dominate the lithology in this interval, becoming siltiey but
otherwise as those described above.

Some siltstones are present, which are generally brown, soft, blocky
and slightly calcareous, as well as some thin sand stringers consisting
of clear, white and orange coloured, very fine grained, poorly sorted,
loose quartz grains.

800 - 1000 m

The grey, soft, sticky, slightly calcareous clays, similar to those above
become darker and firmer in this section, and a black, soft to firm,
calcareous claystone is also present.

1000 - 1580 m

The claystones above are gradually replaced by siltstones down to

1325 m after which claystones once again predominate, although the silts
maintain a fairly high percentage of the formation. These siltstones are
typically light green, light brown and medium grey, soft-to firm, blocky
and slightly calcareous.
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Occassionally traces of dull yellow fluorescence, with a slow diffuse
cut are found in the silts.

From 1375 - 1475 m, thin limestone stringers are present. These are
generally white to buff, firm to hard and microcrystalline, frequently
showing a dull yellow flourscence with a slow streaming cut.

Traces of shell fragments and pyrite are common accessories in this
section.

1580 - 2000 m

Interbedded clays and claystones are the most common in this interval.
The claystones are generally medium to dark grey, brown moderately
firm, blocky and calcareous, tending to become sub-fissile with

depth. The interbedded clays are similar to those found above, which
are typically light to medium grey-brown, very soft to firm, amorph to
blocky and calcareous.

Limestone stingers gain increasing importance in this section, and are
generally off-white or occassionally brown, crumbly to hard and fre~
quently show a dull yellow flourescence with a slow streaming cut. This
limestone is variably dolomitic in places.

Occassionally thin stringers of clear, milky, very fine, rounded,
moderately well sorted sand are also present.

As well as traces of shell fragments and pyrite a small band of coal in
present at 1610 m.

2000 - 2850 m

Claystones are again the dominant lithology. The claystones are
generally dark grey, brown, grey-green, soft to firm, blocky to
sub-fissile and non to very calcareous. Dark grey, very hard, blocky,
microcrystalline, argillaceous stringers of limestone as well as the
off-white, firm, blocky variety are frequently encountered in this
section. Traces of shell fragments, forams and pyrite are also present.
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2850 - 3225 m

The claystones of the previous section bacome firmer and grade into a
shale in this interval.

The claysotnes/shales are generally dark grey and brown, firm to hard,
subfissile to fissile, and slightly calcareous.

Beds'of cream to buff, firm to hard, argillaceous, laminated limestones
are also common.

3225 - 3250 m

This section is characterised by a tuffaceous zone, typically light grey
with fine black and white speckles and is moderately hard. A small
gas peak was noted through this zone.

3250 - 3375 m

This section is dominated by interbedded claystones and sandstone, with
frequent sand and limestone streaks. A grey-green, moderately hard,
blocky, 9lauconiticclaystone is common, while the sandstones are gene-
rally buff, off-white, translucent, very fine,well cemented and dlau-
conitic. The sand lenses consist of clear, very fine, subrounded, well
sorted, loose quartz grains. The limestone streaks are frequently
off-white, pink firm to moderately hard, microcrystalline and argill=
aceous.

3375 - 3415 m

This section sees the apperance of a "marl™ formation, occuring in this
-

well as a buff to off-white very soft, amorphous; very calcareous
claystone.

3415 - 3800 m

The lithology in this section is almost exclusively limestone, unusually
white to buff, very soft to- hard and chalky,‘énd contains thin dark
grey to black shale laminae. Some stylolites occur and the limestone .is
frequently fractured.
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Pyrite is occassionally found as an accessory. With depth, the limestone
changes to a medium grey, hard, microcrystalline, argillaceous

variety, containing abundant stylolites and fracture zones, as well

as some traces of chert.

In the lower part of the interval, light buff, white, occassionally pink,
goft to firm occassionally hard, microcrystalline limestone is common.

3800 - 3880 m

This interval consist of limestone interbedded with thin silty claystone
Stringers and shale laminae. The limestone is essentially the same as
that above. The claystones are generally grey to dark grey, firm, blocky,
silty and calcareous, in placCes grading to siltstone. The shales are

mainly dark grey, firm , subfissile, silty in parts and slightly
calcareous.
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TABLE 1
STRATIOGRAPHIC SEQUENCE
QUATERNARY
PLIOCENE
MIOCENE
OLIGOCENE
EOCENCE
r
BALDER
SELE
PALAEOCENE § LISTA
MAUREEN
| DENIAN
s
MAASTRICHTIAN
CAMPANIAN
SANTONIAN
UPPER 4 CENOMIAN
CRERACEOUS TURONIAN

BASAL TURONIAN

ALBIAN
. APTIAN

EKOFISK - FORMATION T

TOR FORMATION

HOD FORMATION

PCHALK GROUP

PLENUS MARL

HIDRA FORMATION
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TABLE 2

LITHOSTRATIGRAPHIC TOPS

UNIT MEASURED DEPTH TVD TVD from S-S GYRO
TOP BALDER 3242 m 2958.3 m 2960.23
TOP EKOFISK 3411 m 3107.8 m 3109.80
TOP TZ 3464.5 m 3154.6 m 3155.61
TOP TOR 3516.5 m 3199.8 m 3199.85
TOP HOD 3781.5 m 3424.5 m 3432.46
T.D. 3-82 m 3486.0 m 3227.17

(assuming constant angle
from last station
15°58' at 12500 ft

to TD)
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SECTION C

PRESSURE EVALUATION

From the seabed down to the 20" casing shoe a normal pore pressure
gradient of 8.6 ppg (1.03 SG) exists.
Evidence of this can be seen from the pressure parameter table in

which most of the parameters show normal pressure regime trends.

The normal gradient continues below the 20" shoe to a depth of
approximately 1200 m, after which pore pressure increases steadily.
The mud weight was increased accordingly in this zone in order to
maintain hydrostatic balance.

The pressure parameters show good agreement on picking the top of
the transition zone at 1200 m with most 6f the parameters showing
abnormal trends below this depth.

It was decided to set the 13 3/8" casing midway through the trasition
zone, at which point pore pressure was estimated at 10.1 ppg

(1.210 S.G).

On drilling out the 13 3/8" shoe with a mud weight of 14.0 ppg

(1.68 S.G) the pressure integity test recorded a leak off at

15.5 ppg (1.86 S.G) mud weight equivalent.

Pore presure continued to increase down to a depth of approximately
2400 m, where the pore pressure was calculated to be 15.1 ppg

(1.81 S.G), after which the pressure parameters suggest a regression.
The 9 5/8" casing was set in the regression at a depth of 3140 m
where pore pressure was calculated to be 14.3 ppg (1.714 SG)

The 9 5/8" shoe was drilled out with a mud weight of 14.2 ppg

(1.70 SG) and leak off was established at 17.16 ppg (2.05 SG) mud «
weight equivalent.

The pore pressure continued to decrease with depth down to 13.3 ppg
(1.59 SG) at 3400 m.

Using the few pressure parameters available while drilling through a
carbonate sequence the pore pressure was seen to decrease through the
"chalk" to 12.7 ppg (1.52 SG) at 3720 m.
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This decrease in pore pressure, in conjunction with drilling
through porous zones resulted in stuck pipe (differential sticking)
at 3530.5 m. Mud weight was reduced to 13.2 ppg (1.58 SG) and

was further reduced at 3076 m to 13.0 ppg (1.56 SG).

This reduction in mud weight resulted in high levels of trip,
connection and flow check gas which continued in variable amounts
to T.D.
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SECTION D

RESERVOIR ANALYSIS

The reservoirs in this well are contained within the carbonate sequence
of The Ekofisk and Tor Formations. A total of 14 cores were taken, with
good recovery, using fibre glass sleeving.

As can be seen from the show evaluation table there appear to be 3 main
zones of interest-:

1. 3415.5 - 3430 m
2. 3440 ~ 3465 m
3. 3520 - 3580 m

The lowermost zone shows a gradual decrease in quality with depth.

Total gas levels through the above 3 zones averaged between 3-8%,
comprising Ci, C2, C3, C4i, Cqps

Very few of the samples were examined because of the plastic sleeving,
but those examined showed occassional traces of light brown oil.
Percentage Fluorescence was generally low at trace amounts, however,
between 3440 m - 3565 m percentage fluorscence increased to 20 - 80%
being generally dull yellow indicating an API gravity of 25 -~ 30°.
Cuts were generally moderate to fast streaming and occassionally flash
Cuttings gas throughout the reservoir was generally low being 0.05 -
0.07 % in the 3 main éones of interest and 0.07 - 0.13 § in the inter-
vening zones.

Hydrocarbon ratio plots indicate that the reservoirs are potentially
producible gas condensate accumulations.

Visible porosity was generally poor to nil in the core Fragments or
cuttings samples. (Cuttings samples were very poor during coring and
complised mostly cavings).

Interpretation of ROP and quick lock calculation of porosity from bulk

density would indicate that porosity is moderate to good throughout the
above 3 zones.



THE ANALYSTS

Schlumberger

However, bulk density values may be erroneous as the majority of the !

cuttings sample would probably be cavings.

A quantitative estimate of permeability is difficult,on the one hand
low permeabillity is indicated by the steep nature of the plots on the
hydrocarbon ratio analysis sheets, and on the other moderate to good
permeability is indicated by low amounts of cuttings gas and also
moderate to fast streaming and occassional flash solvent cut.

Conclusion

Interpretation of data seems to indicate that the 3 zones are good
porous and low to moderately permeable gas condensate reservoirs.

Quick lock interpretation of electric logs cohfirm the quality of

these zones as potential gas producers.
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SECTION E |

WELL PROBLEMS AND LOST TIME

1. Previous to spudding well find that guide base damaged, possibly
by rogue anchor. New guide base arrives 8th March. Adjustments
ect. necessary. Eventually spud 21st March.

2. On setting 20" casing, running stack and riser and testing
stack (1-4-82) find test plug stuck in stack. Pull stack, work
on same, test on surface OK. Run stack and riser, stack tests OK.
Find leak in 20" casing on pressure testing same. After squeeze

jobs eventually overcome leak. Drilling new formation
12-4-82.

3. Hole very tight. Stabilisers keep getting caught up just below
20" shoe (14-4-82).

4. 1472.5 m cannot get Schlumberger logs below 1345 m (first attempt)
= or 1022 m (second attempt), 21722-5-82. Abandon - further attempts
to run 'E' logs.

5. Poor cement job on 1378' casing (25-4-82) squeeze cement. Start
drilling new formation 1-5-82.

6. Lose circulation. Hole packed off at 2870 m (17/18-5-82).

7. 16-6-82 Stuck at 3530.5 m. Probably differential sticking.
Reduce mud weight. Pump lightweight pill. Eventually free
pipe. Ream and clean hole. Back to coring 20-6-82. -~

8. 22-6-82 BOP stack does not test. Pump and set cement plugs
(trouble with cement). Pull riser and stack 26/27-6-82.
Repair same and run . Back to coring 30-6-82.




10.

11.

5~7~82 stuck at 3676 m. Reduce mud weight and spot 30 bbls'
"Black Magic" free pipe.

Whilst cleaning out hole at TD (wiper trip after run 4 of
Schlumbergers logs) Get stuck pipe 15-7-82. Rft. tool stuck

in hole 19-7-82, retrieve same. Run in to 9 5/8" shoe and ream
out open hole one single at a time, getting moderate sticking
all the time. (22-7-82 to 27-7-82). 7" liner eventually all in
hole 30-7-82.

5-8-82 to 7-8-82 Repair draw works.
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APPENDIX I

CORING DETAILS

Using fibreglass sleeving

CORE DEPTH INTERVAL CORED CORED RECOVERY $

1 3415.2m to 3428.5 m 11.6 m 11.6 m 100 ¢
2 3428.5m to 3445.2 m 18.3 m 18.1 m 99 3
3 3445.2m to 3463.4 m 18.3 m 12.4 m 68 %
4 3463.4m to 3481.7 m 18.3 m 18.15 m 99,2 %
5 3481.7m to 3500 m 18.3 m 18.3.m 100 %
6 3500m to 3518.3 m 18.3.m 18.3 m 100 %
7 3518.3m to 3530.2 m 12.2 m 12.2 m 100 %
8 3530m to 3537.86 m 7.31 m 4.32 m 59 %
9 3537.86m to 3556.15 m 18.3 m 18.3 m 100 %
10 3556.5m to 3574.39 m 17.89 m 17.81 m 100 %
11 3574.5m to 3585 m 10.5 m 9.5 m .90 %
12 3585 m to 3598 m 13 m 13 m 100 8
13 3598 m to 3616 m 18 m 18 m 100 %
14 3616 m to 3619 m 3m 0.6 m 20 &

Total cored zone 3415.2 m to 3619 m -~ 203.8 m
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ELECTRIC LOGGING DETAILS

SEABED - 30" casing shoe

30" - - 20"

20" - 13 3/8"
13 3/8" -~ 9 5/8"
9 5/8" - T.D.

s,
b

APPENDIX I

GR

ISF/SONIC/GR/SP

ISF/SONIC/GR/SP
FDC/GR

ISF/SONIC/GR/SP
FDC/GR

ISF/SONIC/GR/SP/
LDT/CNL/GR/CAL/
DLL/MSFL/GR/CAL/
FDC/GR

SDT

RFT
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APPENDTIZX III

DAILY MUD RECORD
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