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INTRODUCTION

WELL AND RIG DATA

Company:

Well Name:

Location:

Position:

Field:

Rig:

Contractor:

RKB-MSL:

MSL-Seabed:

Spud Date:

Completion Date:

Completion Depth:

Completion Status:

Saga Petroleum A/S

31/3-3

Norwegian Offshore Continental Shelf

60 deg 50 min 01.93 sec N

03 deg 50 min 38.46 sec E

Troll

Treasure Saga. Semi-sufcmersible

W. Wilhelmsen A/S

26 m

332 m

13th October 1984

18th November 1984

2573 m

Abandoned

Exploration Logging Overseas/ Inc.

i Unit #: 509 I

GEMDAS Crew: P. Fisher

L. Smith

R. Jones

K. Amor

Logging Crew: I. Fletcher

D. Kane

D. Hone

V. Baskerville



PROGNOSIS

31/3-3 was a wildcat well drilled on a structure close to the Troll field.

The primary objective was to confirm the Upper Jurrasic sandstones and to

test for possible hydrocarbons within them.

A secondary prospect was within the Lower Cretaceous. The well was planned

to reach a total depth of approximately 2525 m, within the Triassic.

The stratigraphic prognosis was derived from the nearest wells 31/3-1 and

31/3-2.

Exploration Logging provided Geological Engineering Monitoring and Data

Analysis System (GEMEftS) service on 31/3-3, from 358 m to2573m

total depth. In addition to formation evaluation and conventional mud logging,

automatic real-time data monitoring and recording, and pressure analyses

were carried out. Continuous evaluation of pressure and drilling progress

provided an aid in optimizing drilling costs, and ensuring that drilling

continued with maximum safety to personnel, the well and equipment. The

operator was continuously advised as to the status of these analyses, and

data and results stored on magnetic disk for post-well evaluation. The

printouts and plots are contained in the attachments of this report.

For details of the computer programs provided, and the theory of the

pressure evaluation methods used, please refer to the Software Information Sheets

and Pressure Log Manual MS-156. Both are available from Exploration

Logging.
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SECTION 1

DRILLING AND ENGINEERING



1.1
DRILLING AND ENGINEERING

36" Hole section ; Seabed to 486 m

Well 31/3-3 was spudded on October 13th 1984. A guide base was landed

and the seabed was located at 358m RKB. A Varel L3A, 26" bit was run with a

36" hole opener to drill the surface hole, with returns to the seabed.'

Drillwater was used as the spud fluid, with 15-25 bbl mud pill sweeps at

connections, to facilitate hole cleaning.

Surveys were run at the first two connections and indicated hole angles of

1-3/4 and 3/4 of a degree at 374 m and 384 m respectively.

At 448 m a trip had to be made due to a fall in the rate of penetration.

Bit #2 a Staith DSJ drilled to 486m, whereupon a survey was dropped and a

wiper trip made, prior to displacing the hole with a high viscosity mud. The

survey indicated that the hole inclination drift had been reduced to 1 degree.

The 30" surface string comprised 10 joints of Vetco HSG and was run then

cemented in place with a 12.0 ppg lead slurry and a 16.0 ppg tail. 1060 sacks

and 250 sacks of class 'G' cement were used for the lead and tail slurries

respectively.

After landing the marine riser a leak was found at the pin connector during

testing and so the riser vas pulled and repaired. The riser was run

for a second time and tested successfully.
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26" Hole section ; 486 m to 815 m

This section was initially drilled as a 17.5" pilot hole, as a precaution

against shallow gas. The interval to 815 m was drilled using one HTC OSC 3AJ

bit in 9.1 hours and susequently under-reamed to 26" with one under-reaming

run in 12.3 hours. The dominant lithelogy was clay with trace amounts of sand

throughout. Deviation surveys were taken using an MWD tool while drilling

the pilot hole and indicated a gradually increasing hole angle to 2 degrees

at 805 m. A seawater gel mud was used for this section, with the mud density

being allowed to increase to 9.0 ppg and 9.5 ppg on completion of the pilot

and under-reamed sections respectively. v

No hole problems were encountered whilst drilling the pilot hole section.

Initial rates of penetration of up to 135 m/hr were recorded down to 550 m

but remained in the range 30 to 60 m/hr below this depth. Gas readings

averaged 0.2% for much of the section with a maximum of 0.89% recorded at

509 m. After completing the pilot hole a wiper trip was made to the 30" shoe,

with no overpull recorded. With the bit at the wellhead the riser was

displaced with seawater and a flowcheck perfomed with the riser dump valve

open. No flow was observed with 9.0 ppg mud in the hole and the bit was run

back to bottom. Returns were circulated and a maximum trip gas of 0.18% was

recorded. Dresser Atlas were rigged up and ran the following logs DIFL-ACL-GR.

A Smith SDG bit and 26* Seryco under-reamer were used to open up the pilot

hole to 815m. Penetration rates and background gas generally mirrored the

'values recorded during the pilot hole section. The well was again flowchecked

on the trip out, with the riser displaced with seawater, and was found to be

stable. A Dresser Atlas caliper log was run, but was unable to reach bottom.
i
[Consequently the riser was pulled and a check trip made with a 26" bit.

Tight hole was encountered all the way to bottom, but the kelly was only used
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to ream two sections at 600 m and 650 m.

A total of 35 joints of X-56, 113 Ib/ft, 20" casing were run to a shoe

depth of 805 m. This was cemented with a lead of 1846 sacks of class G cement

mixed to a slurry density of 13.0 ppg, and tailed with a further 500 sacks

mixed to a slurry density of 16.0 ppg. A BOP stack and marine riser were then

run and sucessfully tested to Saga specifications.

17.5" Hole section ; 815 m to 1630 m

The 17.5" hole section was drilled with 4 bits and a single 12*25° core

run. A leak off test was performed at 820 m vertical depth, with a 9.5 ppg

mud weight in the hole. The surface gauge pressure at viuch fracture initiation

began was 525 psi, an equivalent fracture gradient of 13.3 ppg EQMW.

NBf 5 a Smith SDGH drilled 328 m in 16.3 hours, with an average ROP

of 20 m/hr. Tight hole during connections was encountered and attributed

to swelling clays in the formation. The mud weight was subsequently increased

to 10.5 ppg at 1035 m. The hole angle continued to build during this bit run.

To reduce the build rate, the W03 was reduced from 30 klbs to 7 klbs,

although the angle remained the same. At 1143 m the bit was pulled to change

the BHA. j

NB# 6, HTC X3A drilled 302 m in 21.2 hours at an average ROP of 14 m/hr.

During the trip in, 160 bhls of; mud were calculated to have been lost to the

formation by 733 m. A 10.2 ppg mud vgas circulated through the riser, to

initially reduce the hydostatic head, followed by circulating a 10.2 ppg mud

through the drillstring, to reduce the mud weight throughout the system.
.

The last single had to be reamed in since 80 klbs drag had been recorded on
i
the previous stand. The mud losses were attributed to a 2 m limestone •

band at 1140 m.
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At 1216 m further mud losses were encountered, also associated with a

limestone formation. A 40 bbls LCM pill was pumped in an attempt to control

the mud losses and the mud weight was gradually reduced to 10.0 ppg.

Prior to a 20 stand wiper trip at 1398 m an ICM pill vas spotted at 1145 m

to minimise the mud loss during the trip. Losses still occurred as the

formation at 1398 m was also a limestone. Overpull of 175 klbs was recorded

on the first two stands. •

NB# 7 Smith SDGH, drilled 135 m in 20.8 hours with an average ROP of 6.5

m/hr, through a predominantly limestone formation from 1400 m.

At 1545 m, the lithology changed to a claystone, and a stratigraphic core was

taken. A Diamant Boart 12.25" core barrel was used with a CB303 bit, to cut

core #1 from 1580 m to 1596 m. 100% recovery was made, using a plastic core

sleeve.

Bit |7 was rerun and drilled a further 50 m in 6.5 hours, with an average ROP

of 7.5 m/hr. From 1580 m to 1596 m the hole was enlarged from 12.25" to 17.5"

following the core run. A lithology change was observed at 1604 m, to a

different claystone formation. At 1630 m the hole was circulated to condition

it prior to running logs. On the trip out, 80 klbs overpull was recorded on

the first three stands and 160 klbs between 1267 m to 1238 m. On the first

logging run, Dresser Atlas failed to get their tool beyond 1240 m. The hole

was subsequently reamed between 1210 m to 1270 m, with 25 - 30 klbs W03, and

the hole circulated clean for over 7 hours. Dresser Atlas ran the following

dogs, DIFL/ACL/GR, Densilbg/CNL/GR and a coregun.

The 13.425" casing was run to a shoe depth of 1616 m and consisted of 115

joints of N-80, 72lb/ft buttress casing. A mud loss of 33 bbls was recorded
i
while running the casing. The lead cement slurry consisted of 1381 sacks of

,class G cement with a weight of 13.0 ppg with 0.1 gal/sack D31 LM and 2.25% by
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weight of cement of Bentonite. The tail consisted of 500 sacks of class G

i cement at 15.8 ppg, with 0.1 gal/sack D31 LM and 0.2 gal/sack D19 LM.

12.25" Hole section ; 1630 m to 2573 m

The 12.25" hole section was drilled with 7 conventional rock bits and

3 core bits, which cut a total 168.5 m in 6 cores.

The section consisted of sandstone and claystone with minor siltstone, coal

and limestone horizons. The background gas remained low over most of the

section and averaged 0.02%.

A calcium carbonate mud system, with mud weights in the range 9*7 ppg to

10.2 ppg was used to 2112 m. At this depth the mud was replaced by a

lignosuphonate mud, and a density of 9.7 ppg was maintained to TD.

NB# 9, a Smith SDGH drilled 5 m of new formation to 1635 m before a leak

off test was performed. Fracture initiation occurred at a surface gauge

pressure of 850 psi with a 9.7 ppg mud density in the hole, v*hich indicated

a fracture gradient of 12.8 ppg EQMW. Drilling was continued through a

predominantly claystone section to 1750 m at an average penetration rate of

11.75 m/hr. The well was flow checked at this depth after a drilling break

of 30 m/hr, but was found to be static. Bottoms up were circulated before

drilling ahead, but no oil shows were evident. At 1764 m the bit was pulled

in order to run a core barrel.

Four successive cores were cut, cores 2 to 5, to a depth of 1861m. After

core |5 was recovered the core sleeve was found to be damaged and was thought

to be due to tight hole. Bit 19 was rerun to ream out the rathole, and reamed

from 1802 m to 1861 m. On the trip out with core #6 from 1885.5 m, 6bbl of
t
mud were swabbed viiile pulling the first two stands, and overpull of upto

90klb recorded. Consequently the bit was run back to bottom and bottoms up
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were circulated. On the trip out 7bbl were swabbed on the second and third

stands, but the hole began to take mud normally by the fifth stand, and no

net gain was recorded for the trip. No problems were encountered on the trip

in to cut core #7, but a maximum trip gas for the section of 0.64% was

recorded. Tight hole problems were again encountered on the trip out with

core |7, 10 bbl of mud being swabbed vJiile pulling the first stand. The kelly

was picked up and the hole circulated vhile pulling the next 11 singles.

After core #7 had been recovered a drilling assembly was run with bit |12 a

HTC Jll. No problems were encountered during the trip in. After reaming

the rathole drilling continued through a predominantly sandstone section

with occasional claystone stringers to 2022 m at an average ROP of 9.5 m/hr.

A short trip to the shoe was made at this depth, and tight hole problems were

again experienced with a maximum overpull of 145 klb recorded. The hole was

reamed from 1702 m on the trip in, but the bit only took weight on the last

two singles from 2003 m. On the trip out with bit #12 at 2070 m, overpull of

up to 90 klb was recorded.

In an attempt to reduce the tight hole problems, thought to be due to clay

swelling, the mud system was changed from calcium carbonate to lignosulphonate

at 2112 m. This appeared to alleviate the problems, and a clean trip out was

made with bit #13 at 2141 m. On the trip in with bit #14, a Smith F2 the hole

was reamed from 2072 m before drilling ahead through a sandstone sequence at

an average penetration rate of 6 m/hr. Two gas peaks of 0.31% and 0.67% were

recorded from 2177 m and 2195 m respectively, and were considered to be

associated with thin coal beds. Tight hole problems were again experienced

bit #14 was pulled at 2259 m. A maximum overpull of 130 klb was recorded

Between 2214 m and 2041 m. The same interval was found to be tight on the
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trip out with bit #15. A limited amount of swabbing occurred on both occasions

but no net mud gain was recorded. No further hole problems were encountered

while drilling the remainder of the section. Two further bit runs were made

to reach TD at 2573 m through a predominantly claystone section at an average

rate of penetration of 3.1 m/hr. Bottoms up were circulated at TD before

pulling out to run electric logs.

Dresser Atlas were rigged up and ran the following logs : DIFL/LSBHC/ÆCBI/GR

CDL/CN/SL, ACBL, FMT, Velocity survey and coregun.

Four cement plugs were set from 2450 m to 2250 m, 2150 m to 1920, 1920 m

to 1700 m and 1666 m to 1566 m. After pulling the riser and stack,.the casing

was cut and the well abandoned.



SECTION 2

FORMATION PRESSURES
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, FORMATION FISSURES

A value of 8.6 ppg (1.03 g/oc) was assigned to the normal pore pressure

gradient based on regional data. This value was used to calculate the normal

formation balance gradient, referenced to the flowline. Pressure evaluation

commenced at the 30" casing shoe at 486m and continued to TD at 2573m. -A summary

of estimated formation pressures is contained in, the Pressure Evaluation Log.

A surface 36" hole was drilled to 486m without any visual evidence of shallow

gas at the wellhead. After running the 30" casing the marine riser was landed

and a 17.5" hole was drilled with returns to the shakers. Drilling data was

available for pressure evaluation from this point.

The pilot hole was drilled through a l i thological sequence comprising mainly of

claystones and siltstones with minor sand stringers. The Dxc data was erratic down

to 550m reflecting the relatively uncompacted nature of the formation. Background

gas values were relatively high in this section within the range of 0.3-0.7%.

Sonic log data displayed a high degree of scatter in this section, again

a relection of the relatively unconsolidated formation.

From 550m a normal compaction trend could be established for the Dxc data.

Background gas values were also reduced from this point falling within the range

of 0.18-0.2%. The sonic data developed a compaction trend of 20 msec/ft per 100m,

which correlated well with the Dxc trend.

At 770m a steepening of the Dxc plot together with an increase in the ditch

gas was interpreted as the start of a possible pressure transition zone. The Dxc

indicated a maximum pore pressure of 8.8 ppg (8.51 ppg fbg), however, the well



2.2

was flowchecked prior to pulling the riser and no indications of flow occurred

with 9.0 ppg mud in the hole.

There were no indications of pore pressure related problems while drilling the

17.5" pilot hole, wiper trips being clean, as was the hole conditioning trip run

prior to logging. A sufficient degree of overbalance therefore existed while

drilling this section with a mudwaight of 8.8 ppg.

The mudweight was increased to 9.5 ppg before drilling out of the 20" casing

shoe. The Dxc data was erratic over the following hole section, although an

overall subvertical trend could be distinguished from the casing shoe at 805 m

to 980m. At this point a negative trend developed in the Dxc plot indicating

a possible transition zone. However, the background gas values were actually

reduced at this point and so the maximum estimated pore pressure was 8.9 ppg.

The mudweight was increased to 10.5 ppg at 1035m, consequently background gas

values were further diminished to less than 0.06%.

The Dxc plot from this point was erratic, due in part to the presence of

limestone stringers. The overall vertical trend of the Dxc at this point

indicated a further increase in pore pressure, however the low background gas

and continued absense of connection gases indicated that a considerable degree

of overbalance was maintained with 10.5 ppg mud. The pore pressure was therefore

considered to be stable.

At 1143m mud losses were sustained while making a bit trip, the mudweight was

therefore reduced to 10.1 ppg. Mud loss continued to occur while drilling ahead,

and consequently the mudweight was further reduced to 10.0 ppg. The losses were

probably due to pre-existent fractures within the limestone units encountered

in this section rather than a consequence of hydraulic fracturing.

At 1150m a positive offset in the Dxc plot occurred marking the start of a

sub vertical to negative trend. This occurred at the same i:ime as a reduction
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in background gas to 0.04% and the occurrence of marl in the cuttings. This

formation change was reflected by the sonic log as a reduction in overall

transit times and a negative sub vertical trend. However, the gamma ray log

indicated that the marl was not a uniform lithology, gamma ray readings

increased with depth indicating an increase in the clay fraction and hence an

increased transit time and "drillability".

At 1380m the top of a limestone unit was marked by a further offset in the

Dxc plot. Dxc data throughout this unit was a reflection of lithological

character and possibly variations in fracture porosity rather than an

indication of pore pressure. As the background gas remained consistently low

the pore pressure was considered to be stable.

At 1550m the Dxc plot was displaced to the left as an argillaceous formation

was penetrated. As only 30m of this section was drilled before running a core

bit no significant trend was developed. The coring operation caused a further

offset in the Dxc plot and effectively invalidated it as a pore pressure

indicator.

After drilling out of the 13.425" casing shoe the Dxc was at first erratic

but began to follow a very consistent trend from 1650 to 1760m. Background

gases were increased over this section, falling within the range of 0.06-0.10%.

At 1760m the top of the potential reservoir sand was penetrated, from
I

this point the Dxc data was invalid as a pore pressure tool, and simply

reflected variations in the degree of cementation. As the background gas was

consistently low over the entire section from 1760m to 2150m the pore pressure

was presumed to be stable. During the coring operation and on succeesive bit

trips swabbing and tight hole became a problem. This was attributed to hydration

and swelling of the clays tone section from the casing shoe to 1760m. The mud

system was changed over from a Ca003 system to a gel-lignosulphonate system in



2.4

an effort to remedy this problem.

From 2170m a sequence of siltstones with interbeds of claystone and

sandstones occurred, together with occasional coal beds. Dxc data within the

argillaceous members fell with a high degree of scatter close to a normal trend

projected from higher in the hole. This trend was further developed after

entering a more massive claystone sequence from 2400m. The consistency of this

trend together with the low, in some places total absence of background gas

suggested that the pore pressure had regressed and was probably normal at TD.

This inference was later supported by FMT data which indicated an almost

normal pore pressure of 8.6 to 8.7 ppg over the test interval 1775 m

to 2493 m.

Fracture Pressures

Fracture pressures were estimated using the zero tensile stress method. The

overburden gradient used in this equation was calculated using wireline CDL

data. A mathematical curve solution program was used to process the overburden

gradient data and gave an exponential best curve fit of:

Y = AETBX ;'

where A » 46.4633

B = 0.2249

Coefficient of determination 0.97515

The first leak off test was performed after drilling out the 20" casing shoe

with a 9.5 ppg mud in the hole. A surface gauge pressure of 525 psi was

recorded when fracture initiation began, and gave an equivalent fracture

gradient of 13.3 ppg.

At 1143 m mud losses were sustained while making a bit trip and the mud
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weight was reduced from 10.5 to 10.2 ppg. The mud loss continued to occur while

drilling ahead, and the mud weight was again reduced to 10.0 ppg. The mud loss

was thought to be be due to pre-existent fractures within the limestone units

encountered during this section, rather than a consequence of hydraulic

fracturing.

After drilling out the 13 3/8" casing shoe a leak off test was performed at

a depth of 1635 m. Fracture initiation occurred at a surface gauge pressure of

850 psi, with a 9.5 ppg mud in the hole, which gave a fracture gradient of

12.8 ppg DQMW. Using this result fracture pressures were estimated for the

remainder of the well and ranged from 11.76 ppg for a sandstone formation at

1900 m to 13.44 ppg in claystone at TD.



SECTION 3

GEOLOGY AND SHOWS

N.B. All geological tops ana ages quoted were correct at the time of writing,

but may have since changed due to subsequent re-evaluation.
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GEOLOGY AND SHOWS

Logging commenced at 486 m, returns from the 36" hole section having been

returned to the seabed.

Section 1; 468 m - 550 m.

This section was characterised by relatively high gas and calcimetry

values.

The dominant lithology was a light grey, soft, rarely sticky, amorphous

silty clay, which rarely contained shell fragments. Thin sand beds were also

present, the sand being clear, fine to medium, subangular to rounded loose

quartz.

Caicimetry values averaged 8% calcite and 2% other carbonates.

The rate of penetration in the upper part of this section, as far as

532 m, averaged 100 m/hr, slowing to an average of 60 m/hr below that depth.

Total gas averaged 0.45% of Cl (methane). Cuttings gas averaged 0.26%,

all Cl. No shows were observed in this section.

Section 2: 550 m - 860 m

The top of this section was marked by a change in lithology and a decrease

in the gas and calcimetry values.

Clay was again the dominant lithology, and was light grey and light

jrey green, soft, amorphous, hydrated and silty. Traces of glauconite were
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present throughout. Below 710 m the clay graded to claystone, which was

dominantly medium brown/grey, soft, amorphous to blocky, very silty and

occasionally micaceous. With depth the claystone gradually resumed a light

greyish green colour and was also soft, blocky to platey, less silty, and

glauconitic. Thin limestone and dolomite stringers were present below 740 m.

The limestone was white to buff, moderately hard to hard, cryptocrystalline

to microcrystalline and blocky. The dolomite was a buff colour, very hard

and microcrystalline, forming blocky, angular fragments.

Calcimetry values were very low and intermittent throughout the section,

attesting to the non-calcareous nature of the clays and claystones.

The rate of penetration was relatively constant, having an average rate

of 36 m/hr.

Total gas averaged 0.18%, totally Cl, with maxima of 0.4% at 550 m and

790 m. Cuttings gas averaged 0.1%. No shows were seen in this section.

Section 3: 860 m - 1225 m

The top of this section was marked by the appearance of tuff, together

with a decrease in gas values.

Claystone again dominated the sequence and was generally medium to dark

Feyish brown, soft, silty, amorphous to blocky and hydrated. The claystone

s in part glauconitic.

The tuff in the upper part of the section was light to dark grey and

nedium to dark brown, and commonly showed mottled colouration. It was also

firm to hard, blocky, non-calcareous, and in grain size graded to a siltstone.

Traces of limestone, dolomite and marl were seen throughout the sequence,
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though a slightly argillaceous limestone was well developed between 1200 m

and 1210 m.

Calcimetry values were generally low, though there were small intermittent

peaks throughout the section, corresponding to the limestone and dolomite

stringers. A peak of 83% calcite was recorded at 1205 m.

The rate of penetration through this section averaged 30 m/hr, with'the

slower rates of 3 to 6 m/hr clearly marking the calcareous stringers.

Total gas averaged 0.06%; totally Cl. Cuttings gas averaged 0.04%.

No oil or gas shows were seen in this section.

Section 4: 1225 m - 1375 m

This section consisted dominantly of marl with occasional claystone

and limestone horizons, particularly in the uppermost and lowest parts

of the sequence.

The marl was a light grey, soft to moderately firm, silty, blocky, and

very occasionally platey. There were traces of glauconite throughout. The

claystone was persistently present below 1320 m. It was medium to dark grey

brown, firm to hard, variably silty and non-calcareous.

Calcimetry analyses showed that the calcite percentage gradually decreased

through this interval, from 55% at the top to 8% at the base. The latter

value was due to the presence of some 50% claystone in the samples. Other

carbonates averaged 2%.

The rate of penetration averaged 20 m/hr in the marl, with rates of 8 m/hr

and 17 m/hr in the limestone and claystone respectively.

Total gas averaged 0.02%; all Cl. There was only a trace of cuttings gas.
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No shows were seen in this section.

Section 5; 1375 m - 1545 m

This section was marked at the top by the appearance of an argillaceous

limestone and the associated decrease in the rate of penetration.

The limestone was very light grey, moderately soft, very argillaceous,

silty, and occasionally found with traces of disseminated glauconite. Marl

continued to be present down to 1470 m. Again it was light grey, moderately

firm, micro-crystalline and hydrated.

Calcimetry values within the limestone averaged 70% calcite and 1% other

carbonates, though with marl present the calcite percentage averaged 55%.
#

Ihe rate of penetration averaged 7 m/hr.

Total gas averaged 0.01%. Cuttings gas was again only a trace.

Section 6: 1545 m - 1752 m

A relatively uniform medium to:dark grey claystone made up the whole of

this interval.

The lithology was a medium to dark grey claystone, though occasionally

reddish brown, and was generally soft to firm. Other characteristics

were it's amorphous to blocky nature, occasional sub-fissility and constant

silt content. Below 1630 m the claystone commonly contained pyrite.

On analysis, the calcimetry values tended to decrease with depth. Higher

values (in the region of 20% to 30% calcite), resulted from the presence of
i
limestone stringers, particularly in the upper part of the section. The
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lower half gave figures under 10% calcite, the same maximum value as that

for other carbonates throughout.

Until a depth of 1641m was reached, the rate of penetration varied between

6 m/hr and 12 m/hr, and thereafter it stayed between 12 m/hr and 20 m/hr.

Total gas values were low throughout, never above 0.04% in the upper'--half,

and consistently within the range 0.04% to 0.09% in the lower half. It was

wholly Cl. Cuttings gas increased in the lowest third of the section from a

trace to 0.06% of Cl. There were no shows.

Section 7: 1752 m - 2133 m.

The top of this section was marked by the presence of sandstone. The

interval from 1764 m to 1916.5 m was cored.

Sandstone was the dominant lithology and was interbedded with siltstone

and claystone. The sandstone was light grey to white, moderately hard to

hard and blocky with a calcite cement. The grains were very fine to very

coarse and granule in size and subangular to subrounded, but occurred in

moderately well sorted beds. Mica, pyrite and glauconite were common

throughout. ;

The siltstone occurred in beds up to 9 m thick and was generally brownish

grey in colour, moderately soft to moderately hard, micaceous and calcareous,

aften grading into very fine sandstone. The claystone beds occurred in the

bottom part of ,the section, the claystone being dark grey, moderately hard,

platey to blocky, subfissile, occasionally silty and non calcareous.

Calcimetry values were low for the whole section, averaging 2% of calcite

and 3% other carbonates.
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The rate of penetration through this section averaged 3 m/hr in the cored

interval and 20 m/hr through the rest of the section. Slower rates were

recorded through the siltstone and claystone beds.

The gas was all Cl and averaged 0.02%. Cuttings gas only occurred in

trace amounts.

Slight oil shows were seen in cores 3 and 5, and these had a dull yellowish

brown fluorescence, with a slow bluish white, cloudy cut, leaving a milky

residue.

SectiogS; 2133 m - 2155 m.

The top of this section was marked by a rise in the gamma ray reading and

the appearance of clay in the samples.

The major lithology was sandstone similar to that in the previous section

with traces of pyrite and glauconite. TJie clay was light to medium grey, very

soft, non calcareous, amorphous and very hydrated, much of it washing out of

the samples.

Traces of a thin coal seam were observed at 2148 m. The coal was black,

hard and brittle.

Calcimetry values averaged 3% calcite and 3% of other carbonates. There

were no peaks.

The rate of penetration varied between 2 m/hr and 20 m/hr averaging

7.5 m/hr.

Total gas values averaged 0.02% Cl, with only one peak, from the coal

at 2148m, which gave 0.08% and included methane (Cl) through to propane (C3).

3nly a trace of cuttings gas was recorded. There were no shows.
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Section 9; 2155 m - 2175 m.

This section comprised white to light grey sandstone. This was friable,

with a calcareous cement, and angular to subangular grains which varied in

size from very fine to very coarse. Traces of pyrite were present.

Calcimetries averaged 5% calcite and 3% other carbonates. '

The rate of penetration through this section averaged 13 m/hr.

Total gas values were again low, averaging 0.04%. Down to 2165 m it was

all Cl, but below this depth small amounts of ethane (C2) were present.

There were only small traces of cuttings gas present.

Section 10: 2175 m - 2212 m.

This interval consisted of interbedded coal and sandstone with a few

greyish brown siltstone beds. The sandstone was generaly light grey,

moderately hard, friable and had a slightly calcareous cement. The grains

were angular to subrounded and clear to transluscent, with some mica

present. The coal was black, moderately hard to hard and brittle, with

blocky, angular, dull to glossy fragments.

The calcimetry readings were very low, with a mean of 1% for both calcite

and other carbonates.

The penetration rate through this section varied with lithology; the coal

drilling more rapidly (15 m/hr) than the sandstone (6 m/hr).

Background gas levels were generally around 0.06%, but peaks of 0.26% and

1.34% were seen from coal seams at 2177 m and 2195 m respectively. These

peaks were composed of Cl and C2 with traces of C3. Cuttings gas readings
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were high, with total gas peaks of 0.56% at 2177 m and 1.92% at 2198 m. Small

amounts of petroleum vapours were recorded from these peaks. The coal gave

a dull yellowish brown fluorescence, with a weak, diffuse, bluish white cut.

Section 11! 2212 m - 2260 m.

This section was dominated by sandstone with interbeds of siltstone and

limestone. The sandstone was white, moderately hard and friable with a

calcite cement. It had fine to medium and occasionally coarse grains, which

were subangular to subrounded and moderately sorted. The siltstone was brown

to greyish brown, firm, friable, blocky, non calcareous, micromicaceous

and occasionally slightly sandy. Limestone beds were more frequent in the

lower half of the section, the limestone being white, moderately soft to

moderately hard, crystalline, blocky and very sandy.

Calcimetry values averaged 2% calcite and 3% other carbonates in the top

half of the section, and 12% and 5% respectively in the lower half.

The rate of penetration ranged between 3.5 m/hr and 20 m/hr, averaging

6 m/hr. The faster drill rates occurring through the sandstone beds.

Total gas values were low, the mean being 0.04% of Cl, with no peaks.

Cuttings gas averaged 0.02%. There were no shows.

Section 12: 2260 m - 2305 m.

The top of this section was marked by a change in lithology to siltstone

with some claystone and a marked increase in the gamma ray reading.

The siltstone was medium grey to medium browiish grey, soft to moderately
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soft, blocky, rarely subfissile, micaceous and non calcareous. There were

traces of pyrite present. The clays tone was light brownish grey, moderately

hard, platey, non to slightly calcareous and occasionally silty.

Calcimetry readings averaged 1% for both calcite and other carbonates,

with a peak of 14% calcite at 2297 m.

The penetration rate was steady between 6 m/hr and 10 m/hr.

Only a trace of Cl was detected, similarly, only a trace of cuttings gas

was recorded.

Section 13: 2305 m - 2399 m.

The top of this section was distinguished by a change in lithology,

sandstone becoming predominant again. This was white and moderately hard

with occasionally fine, but generally coarse to very coarse, angular to

subangular, rarely subrounded, poorly sorted, calcite cemented grains.

Locally the grains were fine to medium, subangular to subrounded and well

sorted.

The sandstones were interbedded with siltstones which were light and

brownish grey, firm to moderately hard, subfissile, micaceous and non

calcareous. A thin coal seam occurred at the bottom of the section at 2399 m.

The calcimetry results varied between 1% and 10% of calcite and 0% and

of other carbonates, averaging 3% and 1% respectively.

The average penetration rate for this section was 6 m/hr, ranging between

2 m/hr and 40 m/hr, the slower rates occurring through the siltstone beds.

Only traces of gas were present, which was all Cl except for traces of C2

from 2345 m and the coal at 2399 m. There were only traces of cuttings gas.
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Section 14; 2399 m - 2435 m.

This section was notable by it's mixed lithologies and the fact that the

gamma ray log showed a coarsening upwards sequence in the bottom 25 m.

The top 11 m were of interbedded sandstone and clay. The clay was light

grey, very soft, sticky and very hydrated. The sandstone was white to light

grey, moderately hard to hard and micaceous with very fine and fine to

medium, clear, subrounded, well sorted grains in a calcite cement. It

frequently occurred as loose sand, indicating it's friable nature.

The next 10 m were dominated by light grey siltstone, which was moderately

hard, tabular, subfissile, micaceous and non calcareous, grading frequently

to claystone.

Below 2420 m, clay and claystone were the dominant lithologies, the clay

being medium grey, very soft, amorphous, very hydrated and non calcareous.

It graded into claystone. There was a trace of limestone at the bottom of

the section.

Calcimetry values for this interval were low, averaging 3% of calcite

and 1.5% of other carbonates.

The penetration rate ranged between 1.7 m/hr and 15 m/hr.

Total gas values were very low, with an average of 0.01%; all Cl. There

were only intermittent traces of cuttings gas. No shows were seen.

Section 15: 2435 m- 2573 m.

The top of this section was marked by a sand bed and an abrupt drop 'in

:he gamma ray reading. The major lithologies were claystone and sandstone
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with minor limestones.

The claystone was mainly reddish brown, but locally the colour varied to

yellowish brown, light grey, medium grey, purplish brown and light bluish

grey. The claystone was very soft to hard and amorphous to blocky and

splintery. It was frequently silty and generally non calcareous.

The sandstone was white, hard, friable and had a silica, pyrite or rarely

calcite cement. It most frequently occured as loose grains, which were clear,

transluscent or pink, generally fine to medium, but occasionally coarse,

subrounded and moderately sorted. Below 2507 m the sandstone became less

well sorted, with very coarse and granule size grains being frequent. These

were white, clear, cream, pink and yellow and generally subangular to

subrounded.

Limestone beds occurred at several horizons, and were white to pink, soft

to moderately soft, cryptocrystalline to microcrystalline and blocky.

Calcimetries were low over the claystone and sandstone intervals, with

mean values of 1% for both calcite and other carbonates. In the limestones

the calcite figure rose to up to 25%.

The penetration rate reflected the lithology, with average rates of 1 m/hr

to 3 m/hr through the claystone and 7 m/hr to 30 m/hr through the sandstone.

Only trace amounts of Cl were detected from this interval. There was no,

or very little cuttings gas, and no shows.
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4.1

EVALUATION AND TESTING

LOGGING

The following is a summary of Dresser Atlas electric wireline logs run on

the well 31/3-3 :

Depth (driller) Logged Interval Log Run

metres metres .

815 815 - 481 DIFL/ACL/GR

1630 1632 - 805 DIFL/ACL/GR

Densilog/CNL/GR

COREGUN

2573 2573 - 1616 DIFL/LSBHC/ACBL/GR

! CDL/CN/SL

Velocity survey

1 COREGUN

1616 - 695 ACBL

2493 - 1775 FMT



4.2

CORING

7 cores were cut with a total recovery of 166.5 m. These were processed

and packaged at the wellsite by the Saga Petroleum wellsite geologist/

assisted by Exploration Logging personnel. A plastic core sleeve was used

inside the core barrel. Upon retrieval at surface, this core sleeve was

cut into approximately 90 on sections. The ends were sealed and the core

sections placed in wooden boxes.

The following summarizes intervals cored, footage cut and recovery made for

each core :-

Core Interval (m) Cut (m) Recovery (%)

1 1580.0 - 1596.0

2 1764.0 - 1782.0

3 1782.0 - 1810.0

4 1810.0 - 1837.5

5 1837.5 - 1861.0

6 1861.0 - 1888.5

7 1888.5 - 1916.5

16.0

18.0

28.0

27.5

23.5

27.5

28.0

16.0 m 100%

18.0 m 100%

28.0 m 100%

27.5 m 100%

21.5 m 91.5%

27.5 m 100%

28.0 m 100%

The above information may also be found in Attachment A, the Formation

Evaluation Log.

For descriptions of cores recovered, refer to Core Reports appended to the

Formation Evaluation Log.



FORMATION TESTS

Formation tests were run

Depth (m)

1775

1807

1825

1864

1889

1934.5

2017

2080

2131

2204.5

2311

2359

2456

2456.5

2493

Hydrostatic (psi)

3044

3098

3129

3196

3237

3315

3456

3562

3649

3767

3946

4029

4190

4192

4251

as follows,

EMW(ppg)

10.07

10.06

10.07

10.07

10.06

10.06

10.06

10.05

10.05

10.03

10.03

10,03

10.02

10.02

10.01

using a Dresser Atlas FMT t

B.H.Pressure(psi)

2595

2643

2668

2726

2762

2827

2948

3039

3112

3225

3384

3450

3620

3608

3675

EMW(ppg)

8.58

8.59

8.58

8.59

8.59

8.58

8.58

8.58

8.57

8.59

8.6

8.59

8.65

8.62

8.65

4.3
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BIT AND SURVEY RECORDS
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5.2

SURVEY RECORD

The following is a list of directional

the Analysts MWD tool during

SURVEY

DEPTH

1

375

384

413

432

446

486

521

615

645

724

805

856

971

1028

1075

1124

1134

1179

1225

COURSE

LENGTH

0

15

29

19

14

40

35

94

30

79

81

51

115

57

47

49

10

45

46

INCL.

ANGLE

2.0

0.75

2.0

2.0

1.25

1.0

1.4

1.6

1.7

1.8

2.0

2.5

3.0

3.5

3.5

3.7

3.6

3.5

3.1

surveys taken by single shot and

the drilling of well 31/3-3:

AZIMUTH

ANGLE

0

0

0

0

0

0

11.5

17.2

18.8

21.1

23.5

24.5

24.6

27.5

30.0

28.3

28.1

27.6

27.7

VERTICAL

DEPTH

374.9

383.9

412.9

431.9

445.9

485.9

520.9

614.8

644.8

723.8

804.8

855.7

970.6

1027.5

1074.4

1123.3

1133.3

1178.2

1244.1

POSITION

N-S E-W

6.5 0

6.8 0

7,5 0

8.1 0

8.5 0

9.3 0

10.0 0.1

12.4 0.7

13.2 1.0

15.5 1.8

17.9 2.9

19.7 3.8

24.6 6.3

27.5 7.8

30.0 9.1

32.7 10.6

33.3 10.9

35.8 12.2

38.1 13.4

DOGLEG

/100M

_• 1

0.53

13.87

4.30

0

5.34

0.6

1.31

0.25

0.28

0.12

0.38

1.02

0.46

0.90

0.49

0.44

0.69

0.15

0.86



5.3

The following is a list of directional surveys taken by single shot and

the Analysts MWD tool during the drilling of well 31/3-3:

SURVEY

DEPTH

1 ..
f-J-

1284.6

1330.0

1381.0

1425.0

1476.0

1526.0

1563.0

1615.0

1668.0

1707.0

1747.0

1840.0

1926.0

2141.0

i 2280.0

2327.0

2422.0

2469.0

2563.0

COURSE

LENGTH

59.6

45.4

51.0

44.0

51.0

52.0

37.0

52.0

53.0

39.0

40.0

93.0

86.0

215

139

47.0

95.0

47.0

94.0

INCL.

ANGLE

2.9

3.0

3.1

3.1

2.8

2.7

2.6

2.4

2.7

2.4

2.2

2.0

1.9

2.0

0.6

0.4

0.2

0.3

0.2

AZIMUTH

ANGLE

29.2

27.5

29.1

25.0

25.5

20.0

22.9

21.8

20.0

26.4

23.0

29.8

21.7

21.7

328.0

318.0

318.0

299.0

299.0

VERTICAL

DEPTH

1283.6

1329.0

1379.9

1423.8

1474.8

1524.7

1561.7

1613.6

1666.6

1705.5

1745.5

1838.4

1924.4

2139.3

2278.2

2325.2

2420.2

2467.2

2561.2

POSITION

N-S

40.8

42.9

45.3

47.4

49.8

52.0

53.6

55.7

58.0

59.5

61.0

64.1

66.7

73.5

75.2

75.6

75.9

76.0

76.2

E-W

14.9

16.0

17.3

18.4

19.5

20.4

21.1

21.8

22.6

23.3

23.9

25.4

26.7

29.4

30.9

30.7

30.4

30.3

29.9

DOGLEG

/100M

«-p. . i ,. >-

0.34

0.25

0.22

0.48

0.57

0.55

0.40

0.62

0.61

1.04

0.58

0.33

0.33

0.03

3.27

0.43

0.0

0.2

0.0



SECTION 6

DRILLING PROGRESS RECORD



ORILLIN6 P R O G R E S S C H A R T

DEPT

1000-

2000-

SEABED

30 C o s i n g at 4 8 1 m

2 0 " C a s i n g a t 8 0 5 m

13-3/8" C a s i n g at 1616m

C o r i n g f r o m 1764m to I 9 l 6 - 5 m

5 10 15 20 25 30 35 40 45

DAYS O M L O C A T I O N
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ĉ  in in
in in kO i i in ̂ in

' ^r TT T

CM ro ro ri n ro CMSS! *CM ro-'Ot'O'^iroCMrM
•JO 3 3 ^ H O O N 3 5 1 O N t
CMro C O p O r o r M r o r O C M f

. i_O -r '-O ^0 ON
i CM rM CN ca ON
i ro ro ro ro CM

i -3 r* co
l ."N .*M CM
i ro ro ro

•— • r- ON
T 3 --4
ro ro ro

(N <N ĵ CN r̂
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m 10 r~ oo T» •» •»

<M O4 <N CM CM <S <N

C9 C9 CS O C3 CS C9 CA CS *~t ^H »H r*4 ^^ î  C5 ̂  CS Qk r—t r-̂  *~* f~H f̂
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•N CN »"M fN :

-c -o r-- r-» r»,
•

•O r+- ̂  i
r̂ - p- >. ,
N CN ."N

CN CN CN r-4 fN CN ;N

N CN CN f N C N f ^ r M C N C N C N C N C N

r * - -Hr^-Njoco "fl'fNinp-,

•o T .ji
3 3> 3> a



Q oaoocooooQ

II
sa

II
JJ 4J
ID ra

T,-8es p

x
z

g*

y
a.

B)

£«3
S£

ij <;

|S

22

5

£ e

uz

in m m ui in ui*nui ui vn in
» o a

in m ui ui u*i i
o o co o o t

u i i n u i i n i n i n i n u i i n i n m u i u i u i u i u i i n u i i n

i CN CN CN CN CN CN CN CN k CN CN CN ff» CN CN CN CN CN CN CN ON CN CN CN CN CN CN CN CN CN CN CN CN CN

p-r^r^p'p-p^p^P-
p-p-r-p-p- r- r~ P*

r- r-co
r-> r- P-

CN CN CN CN CN CN CN CN

^•VUlUlinuiUlUli
CO CO CO CO CO CO CO CO i

CN ffA CN CN ff^ C*> CN CN CN CN CN CN ̂  CN CN CN CN CN CN ffA ̂ CN CN CN ff^ ffv ffA CN ̂ CN CN

\ o \ D v D x o v D v o v o v c v o \ o i r* p* r»- r- P-» r- r- i
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