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PREFACE

License 5/86 was awarded the Norsk Hydro Group on 24 June
1986.

The license includes parts of blocks 5514,/29, 5514/36,
5414/1 and 5414/2.

The group has the following composition:

Norsk Hydro Udforskning a.s (Operator) 19.5%
Enterprise 0il Denmark A/S 19.5%
Gas Council (Exploration) Ltd. 13.7%
Amerada Hess (Denmark) A/S 9.8%
DENERCO K/S 7.5%
Dansk Oliesegning K/S 7.5%
Korn og Foderstof Kompagniet A/S 2.5%
Dansk Olie og Gas Produktion A/S (DOPAS) 20.0%

The well 5514/30-1 was drilled by Norsk Hydro Udforskning
a.s on behalf of the group.
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OBJECTIVES

Well 5514,/30-1, Pernille-1, was drilled on the Renne B
structure in the Renne Graben west of Bornholm. The
structure is a rotated fault block on the Jurassic and
Triassic level with structural closures on several levels
from assumed Middle Jurassic to basement.

The primary objective of the well was:

- To test the hydrocarbon potential of postulated
sandstones within the Triassic-Jurassic Renne Formation
on the Rgnne B structure.

Secondary objectives were:

- To test the hydrocarbon potential of sandstones of other
stratigraphic levels than the Renne Formation.

- To test the hydrocarbon potential of a minor four-way
dip closure at the assumed Base Upper Cretaceous level
and obtain stratigraphical and lithological data from
this level.

- To verify the seismic interpretation and establish
confident well-to-seismic ties.

In addition the well would provide important geological and
geophysical information in terms of stratigraphy, reservoir
data, source rock composition and maturity from an area
which has not previously been drilled.

The well was planned to be drilled 150 m into rocks of
Paleozoic age which could be proven non prospective, or to
a depth of 4200 m whichever came first. The prognosed TD
was at 3206 m RKB in Silurian shales.
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RESULTS

Well 5514,/30-1, Pernille-1, was permanently plugged and
abandoned without any shows of hydrocarbons encountered
throughout the drilled sequence.

The well was drilled to a total depth of 3624.5 m RKB
(driller) terminating in the Silurian Graptolite Mudstone
Formation.

A TD core was cut from 3615 to 3624.5 m RKB (driller) with
100% recovery.

Several sandstones of variable reservoir quality were found
between the Base Cretaceous and the Base Permian level, all
100% water saturated:

- The main target Renne Formation (967 - 1552 m) contains
216 m net sand with an average porosity of 24.4%.

— The Lower Jurassic Hasle Formation (943 - 967 m) found
underlying the Base Upper Cretaceous contains 17 m net
sand with an average porosity of 23.9%.

- Triassic Redbeds (1552 - 2747 m) includes 248 m net sand
with approximately 15% average porosity.

- Rocks of Lower Permian age (2787 - 3057 m) consists
entirely of tight sandstones with an estimated 4%
porosity.

Cutoffs used are: ¢ < 12%
Vo, > 40%
Sw: none

No porosity cutoff was used in the Lower Permian.
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BIOSTRATIGRAPHY

The biostratigraphic evaluation of well 5514/30-1,
Pernille-1, was carried out by The Robertson Group plc,
Petroleum Division. Basic material used in the analysis was
ditch cuttings, sidewall cores and conventional core
samples. Furthermore, a gamma ray-resistivity-sonic log was
made available. A summary of the chrono- and litho-
stratigraphic division is shown in the table on page 6.

Down to 105 m RKB cuttings were returned to seabed, but
Quaternary deposits are believed to make up the section
from seabed to 95 m.

The Upper Cretaceous extends from 95 m to 943 m. The
youngest sample analyzed at 105 m is of Upper Maastrichtian
age. A complete, well dated sequence consisting of chalky
limestones from Upper Maastrichtian to Lower Santonian -
Coniacian makes up most of the Upper Cretaceous section. At
877 m a logbreak marks an unconformity followed by marls of
Lower Cenomanian age down to the base of the Upper
Cretaceous.

A major unconformity at 943 m separate the Upper Cretaceous
from the underlying Lower Jurassic to Upper Triassic
sandstones and claystones. The uppermost 24 m of sandstone
possibly belong to the Hasle Formation, whereas the Renne
Formation makes up the remaining part. A Sinemurian to
Rhaetian age is given, based on palynological evidence. The
Jurassic - Triassic boundary thus lies within the Renne
Formation and is set at a log break at 1500 m. The first
confident indications of a Rhaetian age occur at 1510 m.
Reworked Carboniferous miospores occur frequently in the
Rgnne Formation.

The thick Triassic section (1552-2747m) below the Rhaetian
consists of reddish sandstones and conglomerates with minor
interbedded claystones. The section is barren of in situ
microfossils and the age is based upon the lithology and
the stratigraphic position between well dated Rhaetian and
Upper Permian rocks. Palynomorphs of Upper Permian age
found in the redbeds below 2552 m are considered reworked
from the underlying rocks.

The Upper Permian from 2747 to 2787 m is well dated by
abundant palynomorphs. The section consists of 40 m of
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greenish grey, calcareous claystones which are easily
distinguished on the logs. These claystones are followed by
reddish sandstones considered of Lower Permian age despite
lack of paleontological evidence. The age is based on the
stratigraphic position and the reddish colour typical of
continental Rotliegendes sediments.

The base of the Permian is picked on a logbreak and colour
change at 3057 m. This also coincides with a seismic marker
and a dipmeter change.

The dating of the interval between the Base Permian and the
sample at 3245 m, which gives a confident Silurian age, is
very uncertain due to poor recovery and preservation of
palynomorphs. The only age-diagnostic evidence comes from
one single specimen of Knoxisporites cf. literatus
recovered from the sidewall core at 3192 m which indicates
a Lower Carboniferous age of this sample. Miospores
recovered from sidewall cores at 3135 and 3179 m are non
diagnostic, but show a preservational style and thermal
maturity which is similar to the sample at 3192 m and very
different from the Upper Permian palynomorphs. Thus, a
Carboniferous age is tentatively ascribed to the interval
from Base Permian to 3192 m.

The interval from 3192 m to 3212 m which can be
distinguished on the wireline logs is considered to be of
Lower Carboniferous age based on the sample at 3192 m.
However, since this sidewall core was taken right at the
upper boundary of the interval, it cannot be decided
whether it represents the section above or below 3192 m.
Miospores recovered from a ditch cuttings sample at 3210
support a Carboniferous age, but are not diagnostic.
Therefore, it cannot be ruled out that the interval
3192-3212 m is older than Lower Carboniferous.

The top of the Silurian is chosen as the logbreak at 3212 m
which is caused by a shift to a shale dominated lithology,
although the first indication of a Silurian age comes from
the sample at 3245 m. The lack of preserved palynomorphs in
the interval above may be explained by Post-Silurian
subaerial exposure and deep weathering of the upper part of
the Silurian sequence causing oxidation of kerogen, which
would destroy any palynomorphs. Post-Silurian exposure is
in accordance with the inferred Lower Carboniferous age of
the overlying section which implies a hiatus at 3212 m. The
remaining Silurian section from 3245 to 3624.5 m (TD) is
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well dated, and reflects continuous deposition during
Wenlock (Homerian to Sheinwoodian) down to TD. Recycled

Ordovician acritarchs occur frequently throughout the
interval.
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LITHOSTRATIGRAPHY

The description of the lithostratigraphic units is based on
ditch cuttings, sidewall cores and conventional cores.
Additionally, information from wireline and MWD logs is
used to define unit boundaries.

QUATERNARY 80-95m.

This interval was drilled without returns, but from the
site survey is was seen to consist of dark grey to olive
grey silty clays with minor fine to medium grained sand.
CRETACEOUS 95-943m.

UPPER CRETACEOUS 95-943m.

CHALK GROUP EQUIVALENT 95-943m.

95-877m.

The upper limit of this interval is taken from the site
survey since the first cuttings were sampled from 105m.

The interval consists of white to light grey chalky
limestone, generally firm to moderately hard, becoming
harder in the lowermost 50 m. It is locally argillaceous,
especially from 500 to 750m. Glauconite and minor pyrite is
common and chert occurs near the top and base. Microfossils
are abundant along with traces of macrofossils. Traces of
guartz sand and pebbles are found in the uppermost part.

The interval represents a continuous section from Coniacian
- Lower Santonian to Upper Maastrichtian.

Arnager Greensand Equivalent 877-943m.

The top of the Arnager Greensand Equivalent is easily
recognized by a sudden increase in the gamma ray along with
a drop in resistivity and sonic velocity.

It consists generally of marl varying in colour from light
grey and light olive grey to dark greenish grey and brown
grey. The marl is soft to firm and occasionally very silty.
Glauconite and traces of mica, microfossils and shell
fragments occur.

fwr5514,/30-1
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The interval is dated Lower Cenomanian. This is consistent
with the age of the Arnager Greensand on the island of
Bornholm which has been used as lithostratigraphic
reference for this interval.

JURASSIC 943-1500m.

LOWER JURASSIC 943-1500m.

BORNHOLM GROUP 943-1552m.

?Hasle Formation 943-967m.

The top of the assumed Hasle Formation is picked at a clear
drop in resistivity and sonic velocities immediately below
a peak in the gamma ray.

Loose to soft, light grey sand makes up the Formation. The
sand consists of fine to medium, moderately to well sorted,
clear to milky quartz grains, with a minor argillaceous
matrix. Traces of glauconite, pyrite, carbonaceous material
and coal fragments occur.

The presence of glauconite points to a marine environment
of deposition and together with the other characteristics
of the sand, a correlation with the Hasle Formation on
Bornholm has tentatively been made. This makes the Hasle
Formation slightly diachronous since it is dated Sinemurian
in the well and Pliensbachian on Bornholm. Alternatively,
the interval may be incorporated in the underlying Renne
Formation.

Renne Formation 967-1552m.

967-1167m.

An abrupt increase in the gamma ray and resistivity marks
the top of this interval.

The lithology is predominantly clay with interbedded and
interlaminated sand. The clay is medium grey to olive grey
at the top and becomes dark grey to brown grey towards the
base. It is soft, often sticky with traces of mica and
carbonaceous material, and generally non to slightly
calcareous. The sand consists of loose, generally fine to
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medium grained, moderately sorted, clear gquartz with traces
of pyrite, mica and coal fragments. Both sand and clay may
grade into silt-dominated lithologies.

Occasional stringers of limestone are seen in the lower
part of the interval, presumably as calcite cemented
horizons rather than discrete beds. It is light yelldwish
brown to light grey, microcrystalline and very hard, giving
rise to peaks on the sonic log.

Coal is described, mainly near the base of the interval,
occurring both as fragments in the sandy parts and as
separate thin beds.

The interval forms the upper part of the Renne Formation

and is dated Hettangian to Sinemurian.

1167-1500m.

This interval show lithologies much similar to the
overlying section, but with a higher proportion of sand and
only minor interbeds of clay. The boundary is picked where
the sonic shows a shift from rapidly alternating velocities
to more constant and higher values.

The composition of the sand is generally as above except
that traces of feldspar, glauconite and mafic minerals are
described. Furthermore, it is locally calcite cemented,
forming friable to hard sandstone. Towards the base the
sand/sandstone tends to become finer grained and better
sorted. The clay displays generally darker colours than
above, ranging from olive-, brown- and medium dark grey to
occasionally brown- and olive black. The hardness is firm
due to increased compaction.

Thin coal seams occur, especially around 1350 m. The coal
is often impure, grading into very carbonaceous claystone.

This part of the Renne Formation is of Hettangian age.

fwr5514,/30-1
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4.4 TRIASSIC 1500-2747m.

UPPER TRIASSIC 1500-1552m.

1500-1552m.

The upper boundary of this interval is set at a sharp
logbreak marking the onset of relatively high and constant
gamma ray and resistivity values.

It consists of claystone with minor interbeds of sandstone.
The claystone shows various shades of olive- and brown grey
to olive- and brown black. It is firm to moderately hard,
with varying content of silt and traces of very fine sand,
mica and carbonaceous material, non to moderately
calcareous. The sandstone is medium light grey to olive
grey and consists of subangular, moderately sorted quartz
of fine to very fine grain size, grading to siltstone. It
is firm to moderately hard cemented with dolomitic and
silicious cement.

This interval forms the basal part of the Regnne Formation
and is of Rhaetian age.

TRIASSIC UNDIFFERENTIATED 1552-2747m.

"TRIASSIC GROUP" 1552-2747m.

Kdgerpgd Formation 1552-2747m.

1552-1631m.

A marked drop in sonic velocities associated with a minor
decrease in resistivity and density values defines the top
of the interval.

The lithology is claystone, varicoloured from pale red and
greyish orange pink, becoming moderately reddish brown and
-orange downwards, minor greenish and olive grey and
~brown. It is firm to moderately hard, moderately silty
increasing towards the base and non to moderately
calcareous. Traces of spherical dolomite nodules are
reported. Occasional thin beds of white to very light grey
argillaceous limestone occur within the claystone.

The interval is barren of fossils, but it is believed to
represent the uppermost part of the Triassic redbeds of the
Kagered Formation.

fwr5514,/30-1
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1631-1920m.

A logbreak from relatively stable to highly fluctuating
resistivity values is chosen as the top of this interval.
It consists predominantly of sand/sandstone with minor
interbeds of claystone and stringers of limestone.

The sand/sandstone consists of poorly sorted, sub angular
quartz grains, ranging from fine to very coarse. The grains
are often reddish stained, loose or embedded in a reddish
brown argillaceous matrix with traces of calcareous or
silicious cement. Feldspar is common which, together with
the argillaceous matrix, account for the high gamma ray
values seen in the sand. Beds of conglomerate may occur
within the sand from 1770 m, as indicated by the presence
of common quartzite fragments in the cuttings.

" The claystone is moderately to dark reddish brown or
occasionally greenish grey, firm to moderately hard and
moderately to very calcareous. Locally it grades into
siltstone.

Stringers of white to very light grey and greenish grey
limestone, often sandy or argillaceous, probably represent
horizons of calcite cemented sandstone or claystone. Traces
of white, hard, brittle anhydrite occur in the lower 50 m
of the interval.

The age is undifferentiated Triassic.

1920-2068m.

The top of this interval is defined by a shift to lower
density values and a good shale separation on the LDL/CNL
log coinciding with an increase in gamma ray and more
uniform resistivity values.

The interval consists of claystone with interbeds of
sandstone and minor siltstone. The sandstone interbeds are
most frequent in the lower part of the interval.

The claystone is predominantly moderately to dark reddish
brown, moderately brown to grey brown, occasionally
greenish grey to pale green. It is firm to moderately hard
with a blocky texture, slightly to very calcareous and
generally slightly to moderately silty. Locally, it grades
to siltstone and very fine sandstone in thin laminae.

fwr5514,/30-1
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The sandstone is composed of clear to milky quartz grains,
often reddish brown stained. The grain size is coarsening
downwards, from predominantly very fine to medium in the
upper part to fine to very coarse, locally grading to
conglomerate, in the lower part. The grains are poorly
sorted, subrounded, and loose to occasionally well cemented
with calcite cement. Traces of mica are found.

The sandstone locally grades into siltstone; greyish brown
to moderately brown, occasionally light greenish grey,
moderately hard to hard, blocky, argillaceous, non to
slightly calcareous.

A few stringers of limestone occur in the lower part of the
interval. It is off-white to light grey, firm, blocky,
slightly argillaceous, microcrystalline with occasional
gquartz inclusions.

2068-2464m.

This interval is initiated by a prominent increase in the
gamma ray associated by a minor increase in sonic velocity.

The lithologies are much similar to the previous interval
but in different proportions, being dominated by sandstone
with only occasional interbeds of claystone and limestone.

The sandstone is both physically and chemically immature,
with a poorly sorted grain size distribution ranging from
fine to very coarse, grading to conglomerate in parts. The
grains are mainly reddish stained quartz with locally
abundant feldspar, minor lithic fragments and traces of
mafic minerals and calcite, possibly as caliche nodules.
The sandstone is firm to locally hard calcite cemented with
a reddish brown argillaceous matrix.

The claystone is moderately to dark reddish brown, firm to
moderately hard, blocky, slightly to very silty, locally
grading to siltstone and slightly calcareous. It contains
traces of anhydrite: white to very light grey, firm,
microcrystalline, amorphous to blocky texture and
argillaceous.

Stringers of limestone occur mainly in the lower half of
the interval. The limestone is white to very light grey,
locally mottled reddish brown, microcrystalline, moderately
hard to hard with a blocky texture.

fwr5514,/30-1
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2464-2747m.

This interval only differs from the overlying in the sense
that it is almost exclusively composed of sandstone, with
claystone interbeds restricted to the lowermost 50 m only.
The top of the interval is picked at a logbreak in the
gamma ray.

In addition to the characteristics described from the
previous interval the sandstone is reported to contain
traces of mica and locally rare plant roots. The claystone
with traces of anhydrite is similar to the above section.
The interval forms the basal part of the Triassic redbeds
of the Kagered Formation.

PERMIAN 2747-3057m.

UPPER PERMIAN 2747-2787m.

ZECHSTEIN GROUP 2747-2787m.

The top of the Permian is marked on the wireline logs by a
fall in the gamma ray and an increase in the resistivity.

The Zechstein Group is composed of claystone; medium dark
grey to light grey to greenish grey, firm to moderately
hard, blocky to subfissile, generally slightly silty, very
silty in the uppermost part and shows traces of micromica
and micropyrite. The claystone is very calcareous grading
to marlstone in parts. Locally, it is rich in carbonaceous
material with traces of coal fragments.

The age is undifferentiated Upper Permian.

LOWER PERMIAN 2787-3057m.

ROTLIEGENDES GROUP 2787-3057m.

The upper boundary of the Rotliegendes Group is
characterized by a sudden increase in both gamma ray,
resistivity and density and of higher sonic readings.

The lithology is mainly sandstone with occasional interbeds
of claystone and siltstone. The sandstone is dark reddish

fwr5514,/30-1
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brown and composed of clear to milky, occasionally orange
to red stained quartz grains, very fine to very coarse,
sometimes grading to conglomerate, angular to subrounded
and very poorly sorted. In addition it contains minor to
abundant fragments of quartzite and traces of igneous and
gneiss fragments, feldspar, mica, iron oxides and
carbonaceous material. It is poorly cemented with both
siliceous and calcareous cement and contains an
argillaceous and minor silty matrix.

The clay- and siltstone is moderately to dark reddish
brown, dark grey to brown grey, moderately hard to hard,
blocky, generally silica cemented, locally calcite
cemented, minor sandy with traces of mica and mafic
minerals. Much of the clay- and siltstone probably occur as
matrix in the sandstone and conglomerate rather than in
discrete beds.

Traces of anhydrite are described; white with minor black
streaks, firm to soft and generally microcrystalline but
with occasional gypsum crystals.

The undifferentiated Lower Permian age is based on
stratigraphic position and lithology.

3057-3212m.

SROUP" 3057-3212m.

The top of the assumed Carboniferous is shown by an abrupt
change in log character of both the gamma ray, resistivity,
LDL/CNL and sonic log.

The dominating lithology is siltstone with interbedded
claystone/shale and traces of sandstone. The siltstone is
dark reddish brown to very dusky red to black red,
occasionally brownish grey to very dark grey, moderately
hard to hard with a blocky texture. It is poorly sorted,
generally sandy, grading to very fine sandstone, with an
argillaceous matrix. The cement may be both siliceous and
calcareous.

The claystone is moderately to dark reddish brown to very
dark red, firm to moderately hard, subfissile to platy or

fwr5514,/30-1
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blocky. It is non to moderately calcareous, and locally
silty and micromicaceous. It may contain thin laminae of
white to grey orange pink, microcrystalline limestone.
Towards the base of the interval the claystone becomes more
fissile, grading into shale.

In addition to the siltstone which may grade into vety fine
sandstone traces of coarser sandstone is also reported. It
consists of poorly sorted, angular to rarely rounded, fine
to coarse quartz grains, moderately brown to orange
stained. Minor constituents are mica and traces of feldspar
and quartzite fragments as well as an argillaceous matrix.

A Carboniferous age is tentatively given to the interval.

2 LOWER CARBONIFEROUS

3192-3212m

The upper limit of this interval is set at an abrupt
increase in the resistivity along with a minor increase in
the sonic velocity.

The interval consists of silty sandstone alternating with
shale. The sandstone is medium grey to brownish grey
consisting of poor to moderately sorted, subangular quartz
of very fine to silty grainsize, grading to siltstone. It
is moderately hard, moderately calcite cemented and
contains an argillaceous matrix and traces of mica.

The shale is described as medium dark grey to greyish
black, brownish grey to brownish black, moderately hard to
hard, fissile to subfissile, slightly to moderately silty,
micromicaceous and slightly to very calcareous.

A questionable Lower Carboniferous age is given to this
interval.

SILURIAN 3212-3624.5m (TD).

Graptolite Mudstone Formation 3212-3624.5m (TD).

An increase in the gamma ray coinciding with a drop in
resistivity represents the top of the Silurian.

fwr5514,/30-1
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The Graptolite Mudstone Formation consists of shale with
minor sand- and siltstone. The shale is medium dark grey to
grey black, dusky yellowish brown to brownish grey, fissile
to subfissile, moderately hard to hard, slightly to
moderately silty, non to moderately calcareous and
micromicaceous. Occasional carbonaceous streaks and pyrite
nodules occur, mainly around 3400 m. It is locally
fractured with veins filled with calcite. The shale may
alternate with minor claystone which is slightly lighter in
colour, more blocky and more silty.

The sandstone/siltstone is medium to medium dark grey,
occasionally brownish grey to light olive grey and consists
of quartz, ranging in size from predominantly silt to very
fine sand, moderately sorted, in an argillaceous matrix. It
is mainly calcite cemented, moderately hard to hard with
traces of mica. Lamination is seen locally.

The interval is of Wenlock age, Sheinwoodian to Homerian.
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HYDROCARBON SHOWS

Evaluation of hydrocarbon shows at the wellsite was carried
out in a conventional manner. Below the 20" casing shoe at
105 m a complete hydrocarbon total gas detector (50 units =
1%) was operational together with a gas chromatograph for
automatic and continuous gas analysis recorded as ppm by
volume of Cl1 through nC4.

Gas record

Total gas readings were very low throughout the drilled
section, generally less than 0.05% Cl and never exceeding
0.2%. Traces of C2 were recorded in the intervals 1815 -
1875 m and 3300 - 3624.5 m (TD). No heavier components were
found.

0il stain and fluorescence.

No shows were recorded on cuttings, sidewall cores or
conventional cores in this well.
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CORING
Conventional cores

A single core was cut in the well. The core was cut in
shales of the Silurian Graptolite Mudstone Formation from
3615 m to TD at 3624.5 m (drillers depth) with a 100%
recovery.

A detailed description of the core is given in Appendix I
and also shown on the bottom of the completion log.

Sidewall cores

Four runs of sidewall cores were carried out covering the
interval from 790 to 3349 m with a total of 120 samples
requested. The

full descriptio

Run # Asked 1
1A 30
1B 30
2 C 30
2D 30
Total 120

fwr5514/30-1
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7. WIRELINE AND MWD LOGGING

7.1 Wireline logs

-19-

The table below shows the type of log, date, interval and
run no. for each log run in well 5514/30-1.

NO.
A
A
A
A
B
B
C
D
A
C
c
onul/uR UJdeVUUV.UZ VLo - - - - C
CBL/VDL 02.06.89 3336 - 2990 3B
Vel. survey/
Checkshots 03.06.89 3617 - 795 3 A
7.2 MWD logs
A MWD log was run by Teleco from 105 to 1715 m, for
continuous measurement of gamma ray, resistivity, rate of

penetration and weight on bit. The resistivity tool failed

from 1510 to 1715 m.

The MWD log replaced wireline logging from 105 m and down
to the shoe depth for the 20" casing at 777 m (775 m

loggers depth).
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7.3 Bottomhole temperatures from logs
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The bottom hole temperatures measured at each log run are

Vil Lo o

LDL/CNL 2B
SHDT 2B

ble below.
JEPTH RECORDED
(m) TEMPERATURE
(°C)
tl t2 t
3350 | 73 73 73
3350 75.%5 75.5 75.5

14:35
21:15

7:10
11:20

6:19
10:15

RC.
‘ME
‘smin)

.2 50
.50
.:50

}:00
3:00
3:00

8:25
8:25
5:00
5:00

fwr5514,/30-1
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STANDARD STUDIES

The biostratigraphical evaluation and analysis of thermal
maturity was carried out by The Robertson Group plc,
Petroleum Division and the results are presented in the
report:

Norsk Hydro 5514/30-1 offshore Bornholn,
Baltic sea well:

Biostratigraphy of the interval 105m-3624.1m,
Thermal maturity of the interval 2755m-3624m

A petrophysical evaluation was made by Norsk Hydro and the
results are given in:

Petrophysical evaluation report,

Well 5514/30-1 (Pernille-1)
Conventional core analysis was done by The Geological
Survey of Denmark:

Conventional Core Analysis for Norsk Hydro

Well No.: 5514,/30-1

Core Photos

Note that the report consists of photos cf the core only.

fwr5514,/30-1
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SPECIAL STUDIES

A 1-D basin modelling of the Renne Graben based on well
5514/30-1 and two pseudowells was performed by Norsk Hydro
Research Centre. The results are presented in:

ID basin modelling of Pernille-1 and selected points in
the Reonne Graben, Denmark
Norsk Hydro Research Centre also made a geochemical

evaluation of the well:

Petroleum Geochemistry
Well: 5514,/30-1 (Pernille-1)

fwr5514,/30-1
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Note: Fibre glass inner barrel used -
core descriptions made every one
meter only.

Core no's

1

2.06.89

de/Simpson

hows

hows

Sh: gy blk - dk gy, hd - v hd, f
subfis, hk - ang brk, spltry,
plty, wxy tex, micromic, carl
v carh_ sl - non calc w/ It - n




Iro

Note:

Fibre glass in
core descripti
meter only.

y blk, hd, fis - subfis,
/Xy tex, sl - non calc,
tr dism Pyr, carb

c: wh, anhed - euhed

Core no's

ore no's

1

1.06.89

le/Simpson

hows

shows
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Service company:

& HYDRO Schlumberger

Asked: 30
Shot 29
Lost 0
w “ = - ° .
N cc1amnt l Side wall core descriptions Ermotor -
= -
g
= ALINL, )lly, m pl uun cale, 1 pl
hd, sl stky, mod slty, non calc.
mod hd, slty, tr f sdy, mod calc.
mod hd, tr slty, non calc.
[ P, fa bt eand LA al aléae mmm anla i
e TR IV I v o2 I 14




HYDRO

Service company:
Schlumberger

pleessly Asked: 30
Shot 29
- - I Loat 0 |
)
)
t
K
Ise, rr tr arg mtx, gd vis por.
ty, abn carb, abn Qtz, tr Mica, w/ mnr lam of Sd: w
Ise, rr tr arg mtx, gd vis por.
A LL2D
Well: Page no: Run no
5514/30-1 : 20f2 1A




Service company:

P~
=~

HYDRO Schlumberger

Asked:

30

Shot

30

| Lost

red:

degaard

[} K=}

24

Flu

M Gir M G

t t T T T T T Rt | ] 1 - E
'

ng, mou SIW, SI, arg MWK, U ivica, u

is por.

ng, w srtd, tr Fldsp, rr carb, gd vis por.

frm, arg, tr Mica, tr carb, tr micronod

ang, mod - w srtd, sft, tr

. sft, arg mtx, tr Mica, tr

_rr Mica, rr carb.

Well: ; Page no: Ru =
5514/30-1 ° 1 of 2 R




L HYDRO

Well no:

5514/30-1 |

Side wc

gy brn - dusky yel brn, crs grd v
mafic min.

vt gy - It gy, cIr - mlky, Qt, f,
tr carb, tr Pyr, tr mafic min, tr G

v It gy - It gy, cIr - mlky, Qtz, f,
tr carb, tr Pyr, tr mafic min, tr G

st: grn gy - dk grn gy, vf rexlzd C
“micronod Pyr agg, gd tr ang Calc

st: brn gy - dk grn gy, vf rexlzd C
"Mica, com microfoss spic, tr radi

st: dk grn gy, vf rexlzd Calc, fri -
“microfoss spic, tr radiolaria sph.

y

rSarvlco company:
erger
30
30
0
6
0
red: 24
(Ladegaard
Flu | Cut
tr M Gir M G
N
:a.
ilau, tr
ica, tr

IB




L HYDRO

Service company:
Schlumberger

Asked: 30

Shot 17

Well no:

Date:

No:

61

62

63

65

67

68

b |
<=1

71

72

73

74

75

76

66 | - .

Lost 0
2
13

vered: 15

ng/Ladegaard

Flu | Cut

tr M Gir M G

; - subfis, frm - mod hd, mod slty, mod - v calc, tr
carb, tr slick.

dtz, vf - slty grd Slst, subang, sph, mod srtd, mod hd -
mtx, tr Mica, no vis por.

subfis - fis, mod hd - hd, st - mod slty, mnr mod - v slty,

mog - v sity, r micromic, mou =

mod slty, tr micromic, v calc.

d - v slty, abn micromic, v calc.

wcromic, v calc.

77

3193 0

Empty

78

3179

Misfire

Well:

5514/30-1

Page no:

| of 2 o




| Service company:

Schlumberger

30
17
Well no: Qidea wanll ~n g
13
es recovered: 15
glst:
Bang/Ladegaard
G:good
Depths: | Rec: il e
No: Lithol
% | mRKB | om . SN
79 | 3135 Misfire
80 | 3106.5 Misfire
81 | 3067.5 Misfire
82 | 3050.9 Misfire
83 Misfire
84 Misfire
85 Misfire
86 Misfire
87 Misfire
88 Misfire
89 Misfire
90 Misfire
Worr Page no: Run no:
5514/30-1 Loka c




L& HYDRO

Well no:

5514/30-1 !

Side w«

BUIVM WAty IMUW MM, JUwilg

10y

| service combany:

mod slty, tr micromic, mod calc.

iberger
30
30
1
3 |
0
rered: 26
g/Simpson
Flu | Cut
tr M G}r M G

is, sl - mod slty, tr micromic, non

. sl mod arg, grd vf Sst, tr microt

« slty, tr micromic, tr vf sdy, mod cu...

dusky yel brn - gy brn, mod hd, subfis - blky, mod - v slty, w/ vf Sst: mod
orng pk - pl rd brn, sl mod calc.

4

mod rd brn - dk rd brn, frm, arg, blky, mod - v calc, tr Sst: Qtz, vf - f,

Well:

5514/30-1

Page no:

1 of2

2D




L HYDRO

Service company:
Schlumberger

Asked 30
Shot 30
. Lost |
Well ¥
0% 55147301 ¢ >
Lcence: b /86 :
ered: 26
Date:
23.05.89 g]Simpson
Depths: | Rec: Flu | Cut
No:
mRKB | cm kr M Glr M G
107 | 2752.5 | 2.5
108 | 2708 2
109 | 2689 2
110 | 2660 2.5
111 | 2645 2
112 | 2601 2
113 | 25765 | 2.5 Sst:  dk rd brn, speck wh, Qtz, t - m, sgbang.- ang, pr srtd, trm - tr1, mass, arg
mtx, com Anhy, tr Fldsp, non calc, no vis por.
114 | 2545 | o | EmPY
. Sst:  dk rd ben, speck wh, Qtz, vf - v crs, ang - subang, sph, v pr srtd, frm,
g | 2885, & mass, arg mtx, tr Fldsp, sl calc, sed frag.
saz A e S Clyst: mod rd brn - dk rd brn, frm, mass, sl - mod slty, non calc.
116 | 2285 3.5
117 | 2227.5 2
118 | 2097.5 2
119 | 1951.8 0
120 | 1862.5 4
Page no: s
5514/30-1 e 2 of 2 o e

2D
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LOCATION SURVEY

The site survey for well 5514/30-1 was performed by Master

Survey from December 9th to 16th 1988. A geotechnical

coring down to 27.5 m below seabed was performed by Fugro

Mc clelland from December l6th to 18th 1988.

The following is a summary of the seabed and sub-seabed

conditions at the location,

the geotechnical coring.

Water depth:

Seabed slope:

Seabed
sediments:

Sub-seabed
geology (cored):

based on the site survey and

Varying from 77 meters (RKB) to 82 meters

(RKB) in the surveyed area. At location,
it was found to be 80 meters (RKB).

Negligable.

Soft, sandy sediments.

80.1m - 80.2 m

80.2 m - 82.8 m

82.8 m - 86.1 m

86.1 m - 95.1 m

(RKB) :

(RKB) :

(RKB) :

(RKB) :

Clay,
silty-sandy,
very soft.

Sand, fine,
silty
(channel sand)

Clay, silty,
very soft.

Clay, silty,
sandy,
content of
gravel and
possible
boulders at
the base (at
95 m).



95.1 m - 105.0 m (RKB): Chalk, stiff
to harg,
freéuent
chips of
chert.

Seabed hazards: The prognosed channel sand at the
location did not cause any problem when
jacking up the rig.

Sub-seabed
hazards: No high amplitude anomalies was prognosed
and no shallow gas was penetrated.

The prognosed boulders layer at 95 m
(RKB) caused problem during driving of
the 30" conductor (Reduced penetration).
It might also have influenced the
collapse of the 30" drive shoe.

HZS: No occurence of HZS was detected in
the well.

0022q
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2. POSITIONING OF THE RIG

The well was located on the seismic line NH 87B-101, shot
point 236.

Planned position of the well:

Geographical UTM
55° 00" 53.4" N 6 096 794.1 mN
14° 18' 43.9" E 456 016.6 mE

319 simultaneous 4 satellite GPS measurements were used to
postion the rig. The reference station was placed at
Hammeren lighthouse on Bornholm.

Final position of the well:

Geographical UTM
55° 00' 54.09" N 6 096 812.4 mN
14° 18°' 43.14" E 456 003.2 mE

The rig heading was 14.5° and the distance from the
intended location was 23 meters in direction 323.1°.

3. OPERATION RESUME

3.1 mmar f ration

Well 5514/30-1 was drilled with the jack-up rig "Glomar
Moray Firth I". The rig was taken over by Norsk Hydro
05.04.89 at 00:01 hrs. when it was jacked to drilling
draft.

36" section:

tagged at 80 m and the 30" conductor was
m 80 m to 104.5 m where no further
possible.

vuzzq
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When cleaning out the formation inside the 30" conductor,
using 17 1/2" bit and 26" holeopener, it was not possible
to pass the 30" muline landing runs at 77 m. The 26" hole-
opener was found to be 1/2" overgauged.

The holeopener was changed and the 30" conductor was
cleaned out, but it was not possible to pass the 30" shoe
at 104 m. The tension system was installed and a flange
was welded onto the 30" conductor and the diverter was
nippled up.

26" section:

This section was planned to be drilled in one run using
17 1/2" bit, MWD and 26" holeopener. Due to the hard
formation experienced in the previous section, it was
decided to drill 17 1/2* pilothole. The pilot hole was
drilled to 787 m in one run. A negative attempt was made
to drill out of the 30" shoe using a 24" holeopener.

A 24" taper mill was then used to mill out the 30" shoe
which had been damaged during hammering.

The bilot hole was opened in one run from 17 1/2" to 24"
using a 24" holeopener down to 788 m. Due to tight hole,
KCl was added to the mud and the mudweight was increased
to 1.25 r.d.

To ensure safe running of the 20" casing, it was decided
to open up the hole to 26" using a 26" underreamer. The
anw ===f== -—-=- —-— -nd cemented with the shoe at 777 m.

The cement and 3 m new formation was drilled. A leak off
test equivalent to 1.81 r.d. was preformed on 791 m. 17
1/2" hole was then drilled from 791 m to 1263 m. While
pulling out for bit change the hole was tight from 1197 m
to 992 m, and from 992 m to 777 m the hole was backreamed.
17 172" hole was drilled further to 1508 m where the mud-
weight was increased from 1.16 r.d. to 1.20 r.d. to
stabilize the hole. Some mudlosses appeared due to
sandplugged shaker screens. The screens was changed out to
courser type (50 mesh at bottom).

sn,BEn/agi
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Tight spots were washed and reamed from 1378 m to 1387 m
while running in with a new bit. 17 1/2" hole was then
drilled from 1508 m to 1715 m. Tight hole was backreamed
from 1615 m to 1417 m while tripping out for bitchange.
While running in the hole with new bit, tight hole was
washed and reamed from 1688 m to 1715 m and 7 m £ill was
found on bottom. 17 1/2" hole was then drilled to 1754 m
which was decided to be the setting depth for the 13 3/8"
casing. The planned depth for the section at 2100 m was
changed due to changes in the original geological
prognosis.

Five logruns were run at T.D.:

Run no.l: DIL/LSS/GR/SP
Run no.2: LDL/CNL/CAL/GR
Run no.3: SHDT

Run no.4: CST

Run no.5: CST

After a wipertrip, the 13 3/8" casing was run and cemented
with the shoe at 1740 m.

12 1/4" section:

A leakoff test equivalent to 2.00 r.d. mudweight was
performed at 1757 m. 12 1/4" hole was drilled to 2476 m in
three bitruns. Tight hole was washed and reamed from 2188 m
to 2225 m on the second trip for bitchange. Tight spots
were also encountered at 2254 m and 2235 m when pulling
out on the third bit tip, and the hole was washed and
reamed from 2041 m to 2064 m on the trip in. Stuck pipe
was worked free at 2433 m and washing continued to 2476 m.
The mudweight was increased from 1.24 r.d. to 1.28 r.d. to
stabilize the hole.

12 1/4" hole was then drilled from 2476 m to 2851 m in
four bitruns. Some reaming were performed while tripping
in with new bits. At 2851 m, a roller reamer was picked up
and tight hole was reamed from 2774 m to 2851 m. Drilling
then proceeded to 3139 m in three bitruns, where the

string was pulled due to a loss in the pump pressure.

sn,BEn/agi



0022q

A washout was found in the 8" drillcollars. Drilling
continued to 3178 m where a new washout was found in the
5" heavy weight drillpipe. A 3rd washout occured in the 8"
jar at 3200 m. After drilling to 3217 m, a loss in torque
was observed. 95 meters of the bottom hole assembly was
found left in the hole due to a twist-off in a drill-
collar box. The fish was retrieved with an overshot.

12 1/4" hole was then drilled to 3352 m and it was
deceided to run casing. The following logs were run:

Run no.1l: DIL/LSS/GR/SP
Run no.2: LDL/CNL/CAL/GR
Run no.3: SHDT

Run no.4: CSsT

Run no.5: CBL/VDL

Run no.6: CST.

The CST-1log was rerun due to a tool failure on the first
run.

The 9 5/8" casing was circulated down the last 30 meters
and was cemented with the shoe at 3339 m.
The top cement plug did not bump.

R 177" carmkinne.

Cement was drilled out from 3267 m to 3303 m and 3 m new
formation was drilled. A leakoff test equivalent to 1.84 rd
mudweight was performed at 3355 m. 8 1/2* hole was drilled
to 3368 m and further to 3425 m after a bitchange. At this
depth the string was pulled due to a pressure drop, and a
washout was found in the 5" heavy weight drillpipe.
Drilling continued to 3498 m where a single shot survey
was run on wireline. The survey tool got stuck in a cross-
over below the jar. The wireline parted, and the drill-
string had to be pulled.

The mudweight was increased from 1.29 r.d. to 1.32 r.d.
due to increasing pore pressure. 8 1/2" hole was drilled
further from 3498 m to 3615 m where a loss in pump
pressure was observed.
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A washout was found in the 5" heavy weight drillpipe.
Finally, a core was cut from 3415 m to 3625 m and this was

decided to be T.D. of the well.

The following logs were run:

Run no.1l: DIL/LSS/GR/SP
Run no.2: CNL/LDL/CAL/GR
Run no.3: CBL/VDL

Run no.4: SHDT

Run no.5: VSP, checkshots.

A wipertrip was performed after run no.3, and the mudweight
was increased from 1.32 r.d. to 1.35 r.d. due to tight
hole caused by increasing pore pressure.

The well was then permanent plugged and abandoned and the
rig given over to Global Marine the 6th of June 1989 at
24:00 hours.

0022q
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Daily report Date
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Daily report Date
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Daily report Date
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34| 2731| 1.08|1.28 |16:00|Drilled 12 1/4" hole from 2634 m tO

2731 m.

19:00|Dropped a survey.

20:00|Pulled out of the hole and retrieve
survey.

21:00|Pulled the wear bushing. Inspected

wear, rotated the wear bushing 45 d
and ran it back.

24:00|Made up a new bit and ran in the ho
to the casing shoe.

5 run in the hole to 268
2688 m to 2732 m.
1/4" hole from 2732 m tc

o drill 12 1/4" hole frc
851 m.

urvey. Pulled out of the
d the survey.

|24:00|6§§T1Eé'iz"124" hole from 2851 m to
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Daily reporxt Date
----------------------- 13/7-1989
System : BORE
Well: 5514/30-1
Casing Size (in):|30 13 3/8|9 5/8
Satting dapth m,MD: 105 777 1740| 3339

L

wnad aavs

drill 12 1/4" bhole fror
44 m.
rvey.
f the hole and retrieve:

ear bushing.
plug and tested the BO
e test plug.
" bushing.
bit and junk basket, an
to 2944 m.
unk basket.
/4" hole from 2944 m to

et

-i11ing 12 1/4" hole frc

3020 m to 3VU22 m.

|A1,nn n

4 pump no.
1/4" hole from 3022 m to

i pump mno.1l.
1/4" hole from 3025 m to

d pump no.l.
1/4" hole from 3027 m to

urvey.
of the hole and retriewv:
nged bit and laid down -

“the hole to 2960 m.
. 2960 m to 3032 m.
1/4" hole from 3032 m t

| ———

1/4" hole from

rom 3132 m to
mp pressure.
uipment for

|10:00|Pulled out of the hole, retrieved tne
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Well: 5514/30-1

Casing Size (in):(30

Daily report Date
----------------------- 13/7-1989

20 13 3/8(9 5/8
777| 1740( 3339

| 44| 3200|

Setting depth m,MD: 105

1.08|1.28 |07:00|Continued to run in the hole. Service

rill colLlars.
e wear bushing.
w bit and ran back in tt

/4" hole from 3139 m to

drill 12 1/4" hole frot
78 m. Lost 20 bar pump

pressure loss and dropp«

f the hole and retrieves
d a washout in the heaw
. pipe. Replaced the joi:
the bottom hole assembl
the wear bushing.

w bit and ran back in t

-

~-1-- 4+t~ 3A-7]1 collars.
sttom and worked the junk

i/4" hole from 3178 m to

[ pump pressure.

>f the hole and laid down
. Cleaned the junk sub.

sw bit and ran back in the

—————— -

hole to the casing shoe.
cut the drilling line.
o run in the hole.

ottom and worked the jur
1/4" hole from 3200 m tc
t torque while drilling.
of the hole. Found 95 m
hole assembly missing di

~a drill collar box.
{ ran in the hole

at 3124 m.
sh and caught the

. Laid down
and the overshot.

-

»f the hole with




Daily report Date
13/7-1989

------- Well: 5514/30-1
Norsk Casing Size (in):|30 13 3/8|9 5/8

20
Hydro Setting depth m,MD: 105 7?7' 1740| 3339

" 1 I

14" hole from 3217 m to

- -

drill 12 1/4" hole fron
52 m.

mud pumps.

he hole clean.

rvey.

f the hole and recoveres

d start logging.
/GR/SP.

gging with the followin

iL./CAL/GR.
I I |13:UU|NO.3: D1

»gging.

the logging equipment.
1e wear bushing, changed
rams to 9 5/8", and test

9 5/8" mudline suspensi
5> run the 9 5/8" casing.
/8" casing to 3310 m, wi
ght.

circulating head.

and worked the casing f1
the 9 5/8" casing down
337 m.

~ man R S P A




t Summary

ved the well head crossover and

feid £ ala mmnten Tnetal
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‘ey Ol S11CK lline. auieu
‘e survey. The tool was
ick line parted.

to recover the survey t
lccess.

 drill string into the

to recover the survey t
ne parted.
y drill string out of ti

the mud pump.
to drill 8 1/2" hole £
3615 m. Had a loss in :

t of the hole and found
n the heavy weight dril
the wear bushing.
the heavy weight drill
collars.
10| Laid down excess drill collars a
picked up new drill pipe.
j0|Made up a core barrel and ran in
hole while picking up drill pipe
replace the damaged joints.
)0|Broke circulation and washed to
bottom. Dropped the ball and rec

d out of the hole.
., to pull out of the ho]
barrel and laid out the
the core barrel.
y for logging and ran tl
; logs.
,/LSS/GR/SP
,/LDL/CAL/GR
o »/ VDL
|21:30|Ran in the hole for a wiper trip. Washed|
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Daily report Date
----------------------- 13/7-1989

led injection rate at 1!
.anced cement plug from

1.
ick to 1450 m and attem
:ement into the perfora
bar without sucsess.
1d above the cement plu
scond attempt to squeez

e+v ~w—- Jithout success.
|24:00|Pu11ed out of the hole and laid down



| ((( I

Daily report Date

-

19:00
20:00

24:00

................ 13/7-1989

238.5 m. Pulled out of the hole.
Pulled the 13 3/8" casing.

Ran in the hole to 840 m and rigged up
to cement.

Set balanced cement plugs inside the

9 5/8" casing from 840 m to 540 m and
from 540 m to 240 m. Set a balanced

cement plug inside the 20" casing from

and cut the 30" casing
t of the hole with the
Rigged down the tensic

d laid down the 30" con

. the drill collars and

e from the derrick.

to skid the rig.

‘as released to Global ¥
24:00 Hrs.
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3.3 Time distribution
The total time used to drill and permanent plug and abandon
the well was 1512 hours. The time distribution is shown in

Table B-1 and fig B-1.

The operation can be splitted into the following main

groups:

- skidding and preparation 1.1 days
- Drilling the well to total depth 47.8 days
- Plugging back 3.2 days
- Formation evaluation 4.7 days
- Lost time 6.2 days

0022q
sn,BEn/agqgi
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Table B-1
distribution Date
B | 3200 0 e s 6/7-1989
(000) System : BORE
------- Well + 5514/30-1 Depth: 3625 m,MD

Norsk Rig: GLOMAR MORAY FIRTH 1

Hydro All phases

Drilling
Underreaming
Opening hole
Tripping

Circ. and cond. hole and mud
Formation leak off test

Surveying .
Wellhead/BOP handling
BOP testing/activities
Running casing
Primary cementing
Slip and cut drilling
Other
Sum ......

Formation evaluation...
Tripping

Circ and cond mud/hole
Circulating for sample
Coring

Logging

Plug and abandonment...
Tripping ’
Circ and cond mud/hole
Perforating
Cement plug
Mechanical plug
Squeezing
Cutting
Equipment recovery

Sum .....

Downtime........ccc-..
Reaming
Wiper trip
Fishing> due to hole
Wellhead/BOP equipmen
Drilling equipment re
Other

- . .

. Quu.

. 243,

. 124

18.
29.

10.
65.

~r

YPOOOUNMOOOOL

¢

-
L POOOONHEN

.95

.72
.19
.92
.07

.36
.66
.46
.30
.25

7

Hrs % Subtotal

29.50 1.95 29.50

143.50 75.63 1173.00

113.00 7.47 1286.00

76.50 5.06 1362.50

149.50 9.89 1512.00
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Time distribution

(oc00) System : BORE
------- Well : 5514/30-1 Depth: 3625 m,MD

Norsk Rig: GLOMAR MORAY FIRTH 1
HYDRO PHASE : DRIVING OF 30" CONDUCTOR.

Date
6/7-1989

- 30 -

SUM +.ccasavsanssnson,
Downtime......coeeevececenenas
Reaming
Drilling equipment repair

SUM ...cvevcevanonoanens

Reported time ( 4.37 % of well to




Tripping : JU.VU 10.2D
Circ. and cond. hole and mud : 3.5 1.91
Wellhead/BOP handling : 1.5 0.82
BOP testing/activities : 15.5 8.45
Running casing : 20.0 10.90
Primary cementing : 15.0 8.17

.1
SUM ...vveveccanoneansssnsannsns 155.50 84.74 155.50
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215.50

Keaming 8 ]
Drilling equipment repair : 5.5 2.17

-——---——----—-_—--—_-------—-—-----_---------

85.01

215.50

|~



Formation leak off test

87.27

4.84

613.50

647.50

£Z.V V.z0
Surveying 9.5 1.35
Wellhead/BOP handling 4.5 0.64
BOP testing/activities 25.5 3.63
Running casing 31.5 4.48
Primary cementing 6.5 0.92
Slip and cut drilling line 1.0 0.14
Other : 1.0 0.14
SUM .ovevevenncnnenssnmnansssns 613.50
Formation evaluation..........
: 34.0 4.84
..................... 34.00
: 12.0 1.71
: 1.5 0.21
quipment: 21.0 2.99
air : 20.0 2.84
: 1.0 0.14
..................... 55.50




Surveying 7 !
Wellhead/BOP handling : f
Running casing :
Slip and cut drilling line

SUM «cveeereonnanansse

Formation evaluation..........

Tripping :

Circ and cond mud/hole 2 4. &.uv

Coring : 23.0 11.50

Logging : 22.0 11.00
Sum ...... RN &N 25.25 151.50

Downtime......-coceve--

Reaming

Wiper trip

Fishing> due to hole e
Drilling equipment reg
Sum

......

Reported time (13.23 9
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Time distribution Date
GC 1| 20 eesssessesseemeeweemanonoRemeslEE 6/7-1989
(c00) System : BORE
------- Well : 5514/30-1 Depth: 3625 m,MD
Norsk Rig: GLOMAR MORAY FIRTH 1
HYDRO PHASE : PLUG & ABANDON 7
% Hrs % Subtotal
1.55
Wi o 2.00 2.55 2.00
“Tripping 15.5 19.75
Circ and cond mud/hole 3. 4L.46
Perforating 3 4.46
Cement plug 9

howmoaouunn
W
e
hes

Mechanical plug 3
Squeezing 2 3.18
Cutting 21.0 26.75
Equipment recovery : 18 23.57
SUM .+ ovceeenoancoanonssnnnassenn 76.50 97.45 78.50




Others:
SKIDDING

k Hydro |
Jepartment | WELL: 5514/3(

Date:19890706

1512

:2.07%

- 36 -




200.V

625.0

v.ouv

0.40

Table B-2

1/79. 1V | WD

141.50 (MWD

306.V
625.0

-2.2v
-2.65

2.75
2.89

3.5
3.9|

u.13
0.18

U.U5|-12.05
-0.11]|-16.63

13.07
-1.15
21.81



- 38 -

4. PERMANENT ABANDONMENT OF WELL 5514/30-1

The permanent abandonment is shown in figure B-2 and was

carried out in the following way:

1.

10.

0022q
sn,BEn/agi

A cement plug was set in open hole from 3625 m to
3425 m.

A balanced cement plug was set across the 9 5/8"
casing shoe from 3289 m to 3425 m.

A bridgeplug was set inside the 9 5/8" casing at
3259 m and tested to 160 bar.

The 9 5/8" casing was perforated at 1640 m. A balanced
cement plug were set inside the 9 5/8" casing from
1740 m to 1485 m. A negative attempt was made to
squeeze cement into the 9 5/8" x 13 3/8" annulus.

A cement plug was set inside 9 5/8" from 840 m to
240 m.

The 9 5/8" casing was mechanically cut at 240 m and
retrieved.

The 13 3/8" casing was cut at 238.5 m and retrieved.

A top cement plug was set inside the 20" casing from
240 m to 135 m.

The 20" casing was cut at 85 m and attempted to be
retrieved without success. The casing was then
unscrewed in the mudline suspension system and
retrieved.

The 30" casings were cut at 85 m and retrieved
together with the last part of the 20" casing.
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All depths refers to RKB
Well status prior to abandonment
Seabed at 80 m. I

30” conductor at 105 m.

13 3/8” casing cemented
back to 512 m

20" casing at 777 m @

13 3/8” casing at 1740 m @
1. 30" and 20” casing cut at 85 m.
2. Top cement plug inside 20"
casing from 135 m.to 240 m.
3. 95/8" casina cut at 240 m and
2385 m
10 mto

5/8”
3 from 1740 m to 1485 m.
2 plug at 3259 m.
nt plug acros 9 5/8”
<ww-.3 shoe from 3289 m to
) 3425 m.
9 5/8” casing at 3339 m 9. Cement plug in open hole from
3625 m to 3425 m.

I l Sign: BEN J
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PORE PRESSURE, FORMATION INTEGRITY, OVERBURDEN AND
FORMATION TEMPERATURE

Pore pressure

The final pore pressure profile that has been established
for well 5514/30-1 is based on the sonic log, the
Dc-exponent, flowline temperatures, drilling parameters
and the hole condition.

The final profile is shown in fig. B-3.

All depths are in m TVD with reference to RKB.

The following is a description of the pore pressure
development:

Both the sonic log and the Dxc are indicating a build up
from normal pressure gradient (ie 1.03 rd) at 1820 m to a
gradient of 1.09 rd. The pore pressure gradient seems to
stay at this magnitude down "to 2000 m for then to be
normal in the sandstone below.

Further down the sonic log indicates another increase of
the pressure gradient to 1.06 rd at 2600 m. The gradient
staying at this level down to 3130 m is supported by the
Dxc and flowline temperatures.

A more rapidly pore pressure increase for 3130 m to a max.
gradient of 1.30 rd at TD (3624.5 m) is indicated by the
sonic log, the Dxc and flowline temperatures. The
situation being close to balance in the deepest part of
the well is also supported by increasing ROP and the hole
condition observed with fill/tight hole and splintered
shale when not circulating.

sn,BEn/agi
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5.2 Formation inteqrity

A total of three Leak Off Tests (LOT) were performed with
the following results:

Csg Csg.shoe Open hole Form.int. Test Formation
(in) (m) (m) (rd)

20" 777 791 1.82 LOT Lst/Chk

13 3/8" 1740 1757 2.0 LOT Clyst w/Sst
9 578" 3339 3355 1.84 LOT Clyst

5.3 verburden gradien

The overburden gradient for well 5514/30-1 has. been
calculated from the Litho Density Log (LDL) ran in the
interval from 800 to 3600 m. In the chalk/limestone above
800 m an average bulk density of 2.25 g/a was assumed.
Due to this some uncertainty is related to the magnitude
of the overburden gradient.

5.4 Formation temperature

The final temperature profile is based on temperature
measurements recorded during electric logging which have
been converted to Bottom Hole Static Temperatures (BHST)
by using the Horner plot method. A temperature of 5°C at
sea bottom has also been assumed.

The final profile is shown in fig. B-4.

0022q
sn,BEn/agi
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. TEMPERATURE DATA

DEPTH EST. TYPES
TVD BHST . o LOG

(m) (oC) 0 DST
80 9.0 0
3389 77 0 0
| TV CIRA 1L
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Date
13/7-1989

10




6. MATERIALS REPORT
1. Main consumption casing and wellhead
2. Main consumption cement and additives
3. Cement report
4. Bit record
5. Bottom hole assembly
6. Mud report

0022q
sn,BEn/aqgi
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Table B-6
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Table B-7
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Cement reports Date
g 1 9= = = -=eseonssnmetamdgeconRSREnss 5/7-1989
(000) System : BORE
------- Well: 5514/30-1
Norsk Cement contractor: HALLIBURTON
Hydro Data from table 16 11
Type |Depth|Slurry| Slurry|Compress. Thickening| Cement/ Compo~- | Total
of Bot. |Volume|Density|Strenght Time| Additive | sition | used
Job m,MD| (m3) (SG) | (Baxr/hrs) (hrs) name 1/100kg| (1)




i

ic

record

Date

Date

- 19



Table B-9

2 Bit Sub 9 1/2 1.12 7 DC Steel 8 17.91
3 MWD 9 1/2 12.57 8 Jar 8 9.69
3 Under Reamer 26 3.35 9 DC Steel 8 27.02
4 Bit Sub 9 7/16 1.12 10 X-over 7 3/4 0.77
5 DC Steel 9 1/2 28.09 11 HWDP 6 1/2 137.99

L V_merae a 14/n n 70



(((

BHA

W ULLINT W S AT L VU AV UV ULTTL

1 Bit 12 1/4 0.41 7 DC Steel

u A7 a7

8 133.83
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= lywunay, wwliial

5 Steel stab

12 1/4

O. 74

1.45

Z aTwouvelr

10 HWDP

1 379

5

V.7/

137.99



1 Bit 12 1/4 0.3 6 Jar 77/8 9.7
2 Bit Sub 8 0.88 7 DC Steel 8 17.7
3 Nonmag collar 8 8.72 8 X-over 7 3/4 0.77
4 Steel stab 12 1/4  1.45 9 HWDP 5 137.99
5 DC Steel 8 232.28

BHA no.:21 Item no./Name/OD,in/Length,m Depth interval md: 3425-3498

P

.19 7 X-over 6 7
1.92 8 DC Steel 61
.82 9 Jar 6 3
.74 10 X-over 61
.37 11 DC Steel 6 1
| v wvULTcli Duvaw U 17e 1.72 12 DC Steel 5 LIV.C/ |
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Mud report

ilot hole was drilled to 787 m using a
bentonite - seawater system conditioned with
and Calcium Carbonate designed to give good

. ______ g properties and hole stability in the expected
unconsolidated sand.

An obstruction in the 30" conductor was milled prior to
opening the hole to 24%. When pulling out, thigh hole was
experienced with max. overpull of 70 ton, and lots of
cuttings were observed when backreaming. This was assumed
to be sloughing shale based on high MBT (47 kg/m3) and
the type of cuttings observed at surface.

Decision was made to add approx. 60 kg/m3 of KC1 to the
mud to prevent hydration and dispersion of the clays
whilst underreaming the hole to 26". The mudweight was
also increased to 1.25 r.d.

Laboratory analyses, however showed that the formation
consisted of mostly chalk and only 11% reactive clay.
The 20" casing was run and cemented at 777 m without
problems.

s drilled out with seawater and the hole
displaced to KCl-Polymer mud. After drilling 3 m into new
formation, a leakoff test was performed to an equivalent
mud-
weight of 1.81 r.d. The 17 1/2" hole was then drilled to
1754 m.

Several intervals with tight hole was experienced when
tripping. Mud weight was raised from 1.16 r.d. to 1.20 r.d.
at 1299 m and futher to 1.22 r.d. at approx. 1740 m and
KCl content was increased to 80 kg/m3 to stabilize the

hole.
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Periodicly loss of mud over the shakers were observed due

to blinding of screens when drilling sand.

The hole was logged and 13 3/8" casing was run and
cemented without problems at 1740 m.

12 1/4" hole section:
The KCl-mud from the previous section was pretreted with
bicarbonate for drilling the cement.

The 12 1/4" hole was drilled to section t.d. at 3352 m
increasing the mudweight to 1.28 r.d. at approx. 2570 m,
and starting to lightly disperse the mud with chrome free
lignosulfonate at 2900m.

Calcium Carbonate in small amount was added to stabilize
the sandsections and the KCl was allowed to drift out of
the system.

Thight spots were encountered frequently and had to be
washed and reamed. At 2433 m the pipe got stuck but was
worked free. A twisted off bottom hole assembly was caught
on first attempt and pulled out of the hole.

The hole was logged prior to run 9 5/8" casing. Due to
thight hole, the casing had to be circulated down the last
28 m.

This section was drilled to 3615 m, and a core was cut
from 3615 m to 3625 m using the mud from the previous
section.

As temperature increased, additions of chrome free
lignosulfonate and Miltemp were made to maintain rheology
and HTHP fluid loss within specifications.

sn,BEn/aqgi
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During logging, it was experienced tight hole on the first
2 logs. A wiper trip was performed and the mudweight was
increased to 1.35 r.d. It was found 15 m £ill at bottom.

The hole was plugged and abandoned without problems.

0022q
sn,BEn/aqi



Date
6/7-1989
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arvrar A

PRODEF
Drillin

PROPOL nuw
PROPOL SL
PROTHIN
SODA ASH
PRODEFGAM

Drilling of

BARITE
BENTONITE
CAUSTIC SODA
MILTEMP
NAHCO3
PROPOL REG
PROPOL SL
PROTHIN
PRODEFOAM

17000
25650
12125
575
25000
350
3125
575

143000
825
53000
7525
5075
300
100
300

23000
1050
250
1525
1125
1150
1125
2525
180

- 62
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Total cost report

Depth : 3.624 m
Rig rate : DKK 262.000
Exchange : USD 1 = DKK 7.20

Start date: 05.04.89 at 00.01 hr
Final date: 06.06.89 at 24.00 hr
Total days: 63.0

Estimated costs in DKK 1.000:

Rig positioning & survey:
Rig costs incl. rig mob/demob.:

Drilling tools, H2S & 0il spill equip.:

Wellhead & mudline suspension:
Casing & casing services:
Cement & cementing services:
Mud & mud services:

Wire line logging:

Supply & stand by vessels:
Helicopter:

Misch. transport & freight:
Warehouse & office:

Onshore & offshore supervision:

Estimated total well cost:

sn,BEn/aqgi

300
22.810
6.270
1.500
5.860
2.230
3.820
3.050
3.780
1.450
315
3.340
6.300

1.62

- 63 -
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"H MSHON

égl Norsk Hydro
Drilling Department

Date:19890609

PROGNOSED AND ACTUAL
DRILLING CURVES

WELL: 5514/30-1

~~~ Prognosed







