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1. SUMMARY

The Bridgewater Bay No. 1 well was drilled from the semi-submersible
drilling unit, Diamond M "Epoch'", in a water depth of 109 metres to a
total depth of 4200 metres RKB*, The operation took a total of 97
days, from 5th September, 1983 to 9th December, 1983.

The target depth of the well was extended beyond the original 3400
metres to 4200 metres due to the top of the prospective Waarre For-
mation being at 4102 metres (13,458 feet) instead of the predicted 3000

metres.

The formations were overpressured from approximately 3050 metres to
total depth, although this condition did not manifest itself until a
depth of 3548 metres had been reached.

The resultant hole problems necessitated the setting of an intermediate
string of 9-5/8 inch casing and the use of a 15.0 ppg drilling fluid
thereafter. This high mud density resulted in a greatly reduced rate
of penetration from 3548 to 4101 metres and another drastic reduction
thereafter, due to mud losses to the Waarre Formation at that depth
making it necessary to change from turbodrilling to conventional rotary

drilling to the total depth of 4200 metres.

The drilling operation was subjected to various delays. The location
was directly exposed to the Southern Ocean. Continuous heavy swells
and occasional gales with winds up to 65 knots and seas up to ll metres

affected this part of the Southern Ocean. Moreover, the seabed at the

*All depths quoted hereafter are below Rotary Kelly Bushing, which was
22 metres above mean sea level.



location was a very hard limestone crust approximately 1.2 metres
thick, underlain by soft limestone. The combination of hard bottom and
bad weather made it necessary to lay out eight primary and fifteen
piggyback anchors. Even so, on two occasions of storms, some anchors
slipped and had to be reset, The weather also caused delays in the
running and pulling of anchors; delays in the running of the BOP stack
and riser; damages to the subsea equipment which necessitated the
stack and riser being pulled twice for repairs, damage to a BOP test
plug while being set resulting in a fishing job; delays in the off-
loading of the workboats; and several instances of suspension of

drilling operations.

Other delays resulted from a fishing job following a twist-off of the
drilling string while reaming undergauge hole; and the mechanical
failure of the 13-3/8 inch top cementing plug to seal, necessitating a

secondary squeeze cementation of the 13-3/8 inch shoe joint.

After reaching a total depth of 4200 metres, the well was logged,
plugged, and abandoned.



Geologz

Bridgewater Bay No. 1 was the second exploration well drilled in Permit
Vic/Pl4. The well was drilled on a seismically-defined structural
anomaly, comprised of a faulted anticlinal structure mapped on an hori-
zon correlated with the top of the Otway Group. In addition, a
significantly faulted anticlinal closure was developed on a shallower
horizon correlated with the Near-Top Belfast Formation level. Two
reservoir targets were postulated for Bridgewater Bay No. 1. The
uppermost target was anticipated to be Upper Cretaceous sands developed
near the top of the Belfast Formation and/or near the base of the
Paaratte Formation. The second, and deepest target was correlated with

the Cenomanian-aged sandstones of the Waarre Formation which unconform-

ably overlie the Lower Cretaceous Otway Group.

No samples were collected prior to drilling out of the 20-inch casing
shoe at 493.11 metres. The first sediments encountered were massive,
white to cream calcarenites and calcilutites of the Middle to Late
Pliocene Whalers Bluff Formation Equivalent. These sediments extended
from 513 metres to 822 metres. It is postulated that the Whalers Bluff
Formation equivalent outcrops on the seafloor at the Bridgewater Bay
No. 1 well location therefore giving a total thickness of 690 metres.
A major hiatus separates the Whalers Bluff Formation Equivalent from
the underlying Mid-to-Late Miocene section. Much of the Miocene
section is missing at Bridgewater Bay No. 1 due to Late Miocene to
Early Pliocene erosion. The Gambier Limestone was penetrated between
822 metres and 861.3 metres, giving a total thickness of 39.3 metres.
It consists of a Mid-to-Late Miocene sequence of interbedded calcar-
enite and dolomite with very minor amounts of very coarse grained sand-
stone, chert and black shale. The top of the Nelson Formation was
penetrated at 861.3 metres, the formation having a total thickness of
39.7 metres. The Mid-Eocene Nelson Formation is comprised of calcar-
eous claystone and very minor chert, dolomite and medium-to-coarse

grained sandstone.



A major unconformity exists at 901 metres where the Mid-Eocene Nelson
Formation is in contact with the underlying Late Paleocene to Early
Eocene Dilwyn Formation. This is a basinwide unconformity and is the
top of the Wangerrip Group. The Dilwyn Formation is comprised of very
fine~to~coarse grained sandstone with interbedded siltstone and clay-
stone, Coal beds of one-to-two metres in thickness occur at the top of
this 267-metre thick section. At a depth of 1168 metres the overlying
Dilwyn Formation passes conformably into the 33.5-metre thick Pember
Mudstone, comprised of siltstone. The Late Paleocene Pember Mudstone
passes conformably into the Middle Paleocene Pebble Point Formation at
1201.5 metres. The Pebble Point Formation is 39 metres thick and is
comprised of iron-stained, medium-to-very coarse grained sandstone with

rare glauconite and pyrite grains.

The top of the Upper Cretaceous (Maastrichtian) Sherbrook Group - the
Curdies Formation, was encountered at 1240.5 metres. The Curdies For-
mation, is 308.5 metres thick and is comprised of fine-to-very coarse
grained quartz sandstone with minor interbedded siltstone and traces of
coal. The Upper Cretaceous (Santonian) Paaratte Formation lies con-
formably below the Curdies Formation and was encountered at 1549
metres. Interbedded sandstone and siltstone with claystone and minor
coal comprise this 1133 metre thick section. At 2682 metres, the 1420
metre thick Upper Cretaceous (Mid-to-Early Turonian) Belfast Formation
was penetrated. The Belfast Formation is comprised of a sequence of
massive siltstone and claystone with minor sandstone interbeds and

trace amounts of coal in the lowermost portion.

The top of the Upper Cretaceous (Cenomanian) Waarre Formation was en-
countered at 4102 metres. The Waarre Formation is comprised of a se-
quence of interbedded very fine-to-fine grained argillaceous sandstone
and claystone with minor siltstone. Some 98 metres of Waarre Formation

were penetrated before the well was terminated at 4200 metres.

No indications of hydrocarbons were encountered in the Bridgewater Bay

No. 1 well.



2. INTRODUCTION

Bridgewater Bay No. 1 was the second well to be drilled in Exploration
Permit Vic/Pl4 off the southwestern coast of Victoria, Australia. The
permit is held by a group consisting of Phillips Australian 0il Company
(Operator), Mount 1Isa Mines Limited, and Victoria Gas and Fuel
Exploration N.L. Bridgewater Bay No. 1 was located at Latitude 38° 32'
25.9698" South and Longitude 141° 21' 47.9468" East placing it 32
kilometres south-southwest of Portland (Figure 1). Drilling was per-
formed from the semi-submersible drilling unit, Diamond M "Epoch" in

109 metres of water.

The Bridgewater Bay No. 1 well was located in the Otway Basin on a
seismically-defined structural anomaly. The anomaly was comprised of a
faulted anticlinal structure mapped on an horizon correlated with the
top of the Otway Group. Significant faulted anticlinal closure was

also developed at the Near-Top Belfast Formation level.

The primary exploration target was Cenomanian-aged transgressive marine
sandstones of the Waarre Formation overlying the Lower Cretaceous Otway
Group unconformity. Thick siltstones, shales, and mudstones of the
Belfast Formation were expected to provide a good seal over the Bridge-

water Bay structure.

A secondary target was Upper Cretaceous lower delta plain sands
developed near the base of the Paaratte Formation and/or near the top
of the Belfast Formation. Seal for this target was expected to be
inter-distributary bay shales overlying thick marginal marine silt-

stones and shales comprising the bulk of the Belfast Formation.
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3. DRILLING

a) Well History

The Bridgewater Bay No. 1 well was drilled from the semi~submersible
drilling unit, Diamond M "Epoch" in a water depth of 109 metres. The
well was drilled to a total depth of 4200 metres. The entire operation
took 97 days from 0000 hours, September 5, 1983 to 1800 hours, December
9, 1983.

The Diamond M "Epoch'" commenced the tow from the Athene No. 1 well in
Permit Vic/P18 at 0000 hours on September 5, 1983 and arrived on
location at 1030 hours on Septemer 9, 1983. The seabed was a very hard
and crusted limestone approximately 1.2 metres thick, underlain by soft
limestone. The eight primary anchors with 15 piggyback anchors were
run, all 23 anchors being required to prevent thenadchors.slipping when
tension tested. Of the 6 days spent in anchoring, 2 days were oper-
ational, and 4 days in workboat crews rest periods and 'waiting on
weather". To avoid further delay, the rig was allowed to remain 140

metres on bearing 89.25 degrees from the programmed location.

A temporary guide base was set on the seabed at 131 metres. The well
was spudded at 1730 hours on September 15. A 36-inch hole was drilled
in limestone to 186 metres. The 30-inch conductof was run and cemented
with the casing shoe at 182 metres. The 26-~inch hole was drilled in
limestone to 504 metres. The 20-inch conductor with the 16-3/4 inch
wellhead was run and cemented with the casing shoe at 493 metres. The

weather deteriorated.

While waiting 6 days on weather to run the blowout preventor stack, the
tension on the Numbers 2 and 3 anchor warps decreased indicating the
anchors had slipped. The anchor warps were re-run with an additional

piggyback anchor on each and tested (total of 25 anchors were set).



The 16-3/4 inch blowout preventor stack was run with the 18-5/8 inch

riser. The blowout preventor was latched up to the wellhead and suc-

A 14-3/4 inch bit and 17-1/2 inch underreamer were made up and run in
the hole to the top of the cement at 488 metres. The 17-1/2 inch hole
was drilled in limestone and sandstone to 1120 metres. At this point a
possible leak was noticed at the wellhead. The test plug was run in
the hole and the stack was tested to Phillips Australian Oil Company's
leted the test

lnn wra

specifications After the test was com was

pecifications. found

piug oun
to be stuck in the wellhead (possibly due to rough weather while engag-
ing the plug before the test). The string was backed off and pulled
out of the hole. A fishing bottom hole assembly was run in the hole.
After several attempts the test plug was jarred loose and pulled out of
the hole. The 17-1/2 inch hole was drilled ahead in sandstone to 1603
metres. Electric logs were run. The 13-3/8 inch casing was run and

cemented with the casing shoe at 1594 metres.

While cementing, the SSR top cementing plug was bumped, but failed to
hold pressure, thereby allowing mud to displace the cement from both
the inside and outside of the shoe joint. After the 13-3/8 inch casing
seal assembly was installed and the cement had sufficient time to set,
the 13-3/8 inch casing would not hold a pressure test. Three hundred
sacks of class "G'" neat cement mixed at 15.8 ppg were squeezed around
the shoe joint. The 13-3/8 inch casing then tested satisfactorily, and
a formation pressure leak-off test of 13.0 ppg equivalent mud weight

was obtained at 1606 metres.

A 12-1/4 inch hole was drilled in abrasive sandstones and siltstones to
2469 metres using conventional rotary drilling bits and assemblies and
a 107% potassium chloride mud. It was then decided to drill with a
stratapax bit and turbo drill, but the hole was undergauge and the
turbo assembly could not get down. While reaming with a conventional
assembly at 2243 metres high torque was encountered which caused a weak

drillpipe tool joint to fall. Six hundred and fifty-seven metres of



equipment were left in the hole. The equipment was successfully fished
out, reaming completed, and the 12-1/4 inch hole was continued in
shales, mudstones, and siltstones to 3548 metres using a turbo drill
bottom hole assembly with stratapax and diamond bits. Despite some un-
avoidable experimentation with the stratapax and diamond bits which
were available, turbodrilling gave at least twice the overall rate of
progress than would have been obtained with the conventional bits and

bottom hole assemblies.

While tripping for a new bit at 3548 metres, 82 hours were lost due to
weather-related events, the anchors again slipping and needing re-set-
ting. Upon running back in the hole, tight hole was encountered at
3358m. The hole was reamed and re-reamed back to bottom with oc-
casional high torque and stuck pipe. The mud was conditioned, and mud
weight raised from 9.9 ppg to 12.5 ppg, electric logs run and selective
sidewall cores taken. The 9-5/8 inch casing was run and cemented with
the casing shoe at 3519 metres. Electric logs showed the formations to

be overpressured below a depth of 3050 metres.

The 8-1/2 inch bottom hole assembly was made up and run in the hole.
An 8-1/2 inch hole was drilled and reamed several times to 3551 metres
with great difficulty. The mud weight had to be raised from 12.5 ppg
to 15.0 ppg to hold back the formation (see overpressuring part of this
report). A formation leak-off test was performed over the interval
3519 to 3551 metres. Formation leak-off occurred at an equivalent mud
weight of 17.0 ppg. Thereafter an 8-1/2 inch hole was drilled ahead.
Turbodrilling with a diamond bit was established to give the greatest

rate of progress in these overpressured siltstones and shales.

While drilling with the turbo drill below 3900 metres, increased torque
was experienced and the mud weight was raised from 15.0 to 15.5 ppg.
This high mud weight resulted in partial loss of circulation at 4052
metres, in a sandstone. The mud weight was reduced from 15.5 ppg back
to 15.2 ppg to obtain full circulation, and drilling was continued. An

increase in gas in the mud was noted. At 4101 metres circulation was



again lost and was only regained after opening the turbo drill
circulating valve and adding lost circulation material to the mud. The
mud weight was also reduced from 15.2 ppg to 15.0 ppg. The last 100
metres of hole were drilled in sandstones and siltstones with an
unstablized conventional bottom hole assembly thus eliminating the lost
circulation which was due to the high pressure losses across the
stratapax bit, The hole reached a total depth of 4200 metres on
December 2, 1983. Electric logs were run, selective sidewall cores

were taken and a velocity survey was run.

The well was plugged for abandonment.

The BOP stack and riser were pulled and recovered. Explosives were
used to cut the casings 5 metres below the seabed and all subsea well-

head equipment was recovered.

The anchors were pulled and the Diamond M "Epoch" departed the Bridge-
water Bay No. 1 location at 1800 hours December 9, 1983.

A detailed summary of the daily operations is given in Appendix 2 and

the operational summary (including the drilling curve) is included as

Enclosure No. 1.



b) General Data

Well Name

Name and Address of Operator

Co-venturer Parties' Names
and Addresses

Exploration Permit

District

Location

Elevations

Total Depth

Status

10

Bridgewater Bay No. 1

Phillips Australian 0il Company
23rd floor, St. Martins Tower
44 St. George's Terrace

PERTH. W.A. 6000.
(G.P.0. Box 2066w
PERTH. W.A. 6001.)

Gas & Fuel Exploration N.L.,
151 Flinders Street,
MELBOURNE, Vic. 3000

Mount Isa Mines Limited
15th floor, 160 Ann Street
BRISBANE, QLD. 4000.

VIiC/Pl4

Otway Basin, Victoria

Lat. 38 degrees 32 min 25.9698
sec South

Long. 141 degrees 21 min 47.9468
sec East

Water depth 109 metres
RKB to seabed 13] metres

4200 metres RKB

Plugged and Abandoned . IPRY



c) Drilling Rig Data

Name and Address of Drilling
Contractor

Drilling Vessel

Operating Depth

Position System

Heave Compensator

Riser Tensioning

Guide Line Tensioning

Slip Joint

Riser

Diverter

B.O.P.

Diamond '"M" Marine Company
212] Sage Road, Suite 200
P.0. Box 22738

Houston, Texas 770727
U.S.A.

Diamond M "Epoch"
Semi-Submersible Drilling Unit

Length : 88.4m (290 feet)
Beam : 61.0m (200 feet)
Lower Hull Beam : 10.7m ( 35 feet)

Lower Hull Depth : 7.6m ( 25 feet)
Lightship Dis-

placement 7754 long tons

9,144 metres in 366 metres of water

Honeywell RS-505 acoustic position
and riser angle indicator

Vetco 400-20D with 400,000 1lbs ca-
pacity - 6.1lm (20') stroke

6ea - Western Gear 80,000 1bs -
15.2m (50') stroke.

4 ea - Western Gear 16,000 1lbs -
12.2m (40') stroke

Vetco X-52 with MR-4B connectors -
12.2m (40') stroke

Vetco X-52 18-5/8" x 5/8" wall
MR-4B connectors

Regan Model KFDH-3

16-3/4" - 10,000 1bs working press-—
ure - H2S trimmed/Vetco ball joint
with MR-4B connector/C.I.W. riser
connector/Two Hydril annular pre-
venters/Two-double "U" Cameron ram
preventers

11



B.0.P. Control System

Choke Manifold

Pumps

Drawworks

Power

Storage

Koomey with acoustic back-up

10,000 1bs working pressure - H2S
trimmed with Cameron type F gate
valves/Two adjustable chokes and
one remote operated Swaco Super
Choke.

Two Oilwell 1700 PT triplex pumps
with pulsation dampeners. Each
driven by two GE-752 DC motors.
Mud Pumps to be charged by two 6 x
8 centrifugal pumps.

Oilwell E-3000 driven by two GE 752
DC motors, with Baylor 7838 elec-
tric brake and Crown-0O-Matic.

Two EMD 16E-9 diesel engines, 3070
Hp. Each driving EMD 2000 KW AC
generators. One EMD 16E-8 diesel
engine, 2200 Hp, driving EMD 1500
KW AC generator.

Sack storage 3,500 sacks
Bulk tanks 10,000 cu. ft.
Mud tanks 1,594 BBLS
Fuel 6,400 BBLS
Drillwater 15,842 BBLS
Potable water 755 BBLS
Mud volume active 660 BBLS
Mud volume reserve 681 BBLS
Helifuel 3 ea 5,000 litres

12



d) Time Analysis

Significant Times and Dates

Hours Date
Departed Athene No. 1 location 0000 September 5, 1983
Arrived at Bridgewater Bay No. |
location 1030 September 9, 1983
Spud 1730 September 15, 1983
TD 1100 December 2, 1983
Depart Location 1800 December 9, 1983

Time Breakdown from transfer from Athene No. 1, till departure from

location

Hours A

Drilling 636.5 27.71
Reaming 121.0 5.27
Cond. mud and circ. 92.0 4.01
Trips and making up BHA 503.5 21.92
Deviation Survey 10.0 0.44
BOP Preparation 20.5 0.89
BOP Run/Retrieve 26.5 1.15
BOP Testing 39.0 1.70
Logging/Velocity Survey/

Sidewall Cores 68.5 2.98
Casing 51.0 2.22
Cementing/Displacement 23.5 1.02
Waiting on cement 15.0 0.65
Leak off tests 9.5 0.41
Repairs mechanical 4.5 0.20
Fishing 79.5 3.46
Delays 42.5 1.85
Weather delays 290.0 12.63.
Move and positioning 91.5 3.98
Anchoring 115.0 5.01
Other 57.5 2.50

2297.0 100.00

13



Weather delays accounted for the largest percentage of time expended
(12.63%) excluding drilling and making trips (27.71% and 21.92%).
Permit Vic/Pl4 is directly exposed to the Antarctic from the south.
Heavy swells and occasional gales with winds up to 65 knots and seas
up to 1]l metres continuously cross this part of the Southern Ocean.
The weather caused delays in running and pulling anchors, delays due
to the anchors slipping, delays in running the BOP stack, and delays
in drilling. Rough weather caused the BOP test plug to become stuck
in the wellhead and resulted in a 2 day fishing job. The weather
halted the drilling of the 12-1/4 inch hole at 3548 metres for 82
hours, during which the lower part of the hole had swollen inward thus
causing many hours of reaming to get back to bottom. The weather also
caused damages to the BOP and riser equipment which necessitated the

stack and/or riser to be pulled twice for repairs.

Overpressuring was responsible for considerable delays while the lower
part of the 12-1/4 inch hole and upper part of the 8-1/2 inch hole
were reamed and the mud circulated and conditioned to control the for-

mation.

The re-cementation of the 13-3/8 inch casing shoe joint due to the
mechanical failure of the cementing plug to seal took approximately

120 hours, overall, or 5.22% of the total time.

14



e) Drilling Performance

The 36-inch and 26-inch hole sections were drilled in limestone 1in

accordance with program, and without problems,

The 17-1/2 inch hole section was drilled with a 14-3/4 inch bit and
17-1/2 inch underreamer simultaneously, using a single-bladed 17-1/2
inch stabilizer 90 feet above the underreamer to give pendulum stabil-
ization and minimize hole deviation (a single-bladed 17-1/2 1inch
stabilizer was used to pass through the 15-1/4 inch bore of the 16-3/4
inch wellhead). The limestone formation to 820 metres drilled easily,
below which hard streaks in the limestones, sandstones, mudstones, and
siltstones frequently caused slow penetration and severe bit and under-
reamer wear. Some occasional bit balling was suspected. The 17-1/2
inch hole was extended below its programmed depth of 1219 metres to
1603 metres in order to case off some highly permeable and porous sands
encountered in that interval, to improve the chances of the hole reach-

ing total depth without setting 9-5/8 inch casing.

The 12-1/4 inch hole was drilled through the abrasive Paaratte For-
mation sandstones and siltstones with gauge—-protected bits and a
conventional stabilized drilling assembly to 2499 metres, after which
depth a turbodrill with stratapax and diamond bits was run. This was
chosen due to the poor progress in the lower Paaratte Formation silt-
stones, and the very poor progress with conventional bits that Shell
had experienced in the underlying Belfast Formation shales and silt-
stones in the neighbouring Voluta No. 1 well. The first attempt to
turbodrill, at 2469 metres had to be aborted due to the underguage
12-1/4 inch hole below 1786 metres requiring extensive reaming. During
the reaming a drillpipe failure due to a high torque occurred and a

fishing job ensued.
Turbodrilling from 2499 metres to 3548 metres achieved more than twice

the overall rate of progress than would have been obtained with

conventional drilling bits and drillcollar assemblies. This was

15



despite some unavoidable experimentation with the different types of

stratapax and diamond bits available.

At 3548 metres, hole problems due to overpressuring made it necessary
to set 9-5/8 inch casing. Further progress, in 8-1/2 inch hole, was
impossible until the mud weight was raised to 15.0 ppg. Thereafter
turbodrilling with an 8-1/2 inch stratapax bit from 3555 metres to 3618
metres averaged a disappointing 2.5 metres per hour, and was pulled
early. A conventional bit and drilling assembly then drilled from 3618
to 3628 metres, averaging only 1.4 metres per hour. The turbodrill was
rerun with a diamond bit and averaged 3.23 metres per hour. A change
of formation from the Belfast Formation shales and siltstones to the
Waarre Formation sandstones and siltstones resulted in mud losses to
the formation at 4052 metres and 4101 metres, making it impossible to
continue tubodrilling. A conventional bit and drilling assembly com-
pleted the 8-1/2 inch hole to total depth of 4200 metres, averaging
only 1.74 metres per hour, compared with the turbodrilling rate of 4.11

metres per hour when pulled.

It was established that in this well turbodrilling achieved at 1least

twice the rate of progress of conventional drilling.

Table 1 contains the performance of each bit used along with the drill-
ing parameters. Table 2 is the deviation survey. The hole was main-
tained at a very low angle until the 8-1/2 inch diamond bit encountered
10-to-20 degree dipping formations whilst turbodrilling between 3800
metres and 4100 metres, which increased the hole deviation to 5.25

degrees.

16
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JET S12€ roTARY | vert | pume PUMPS MUD DULL CODE REMARKS
N0 | size | mon | tee | Coren” 'BERE T 1ot | 20N | wous | FT/MR 1000 Les | Re M | bev | RESS No| Lmer | SPM | wt JVis [T ] 8] G CIRE FLUID. ETC DATE
15|12 |Smith SDGH| CK2887 |14 |14 |14 | 8200 | 100 | 4.5 R09.5|22.2(35/40 80 | .5|/2504 %(6.00140(9.537{2|1 | I [Reamed 5 hours 23/10/83
: ER N % Ringed
1612 lire| s7ns | 708383722 2 P2 | 8837 | g37|19.5 P29.0| 32.7(20/40Turbq .5 3200 l6.00168]0.636 [FERR |08 WSER hemcs . 11kt |25/10/83
Nose 5 WOrn
17|12 |pamx ADRS | 310-20 21 1 P1 | 9412 32.0 R61.0| 18.0|25/45Turbg .5|335d %|6.0[58(9.737 |[Fldk |60k worn Ringed 27/10/83
IT 575
\ Ringed
1812 [ais|R 28| 143080222 b2 P2 10077 | ggs5 [29.5 290.5] 22.5|35  |rurbd3/a|320q%)6.0f60]o. 439 [NeBS [14B% worn RInged” = ho/10/83
19RR12Y [Damax|ms-5 | 212-10 10216 | 139 |11.5 [02.0| 12.1|30/45Turbq3/4| 36004 %6.00162|9, 439 |OK| f9r fre-run used m Hemes|30/10/83
20 |12% g’(’mt”é“mc 708393322 P2 |22 11639 |1423 [82.5 P84.5| 17.3|40/30urbq 1%|362q% .0 154 |0, 937 NOBS |38k worn Top row 50% 3/11/83
D, |IX Z s
21 (12% Blart| 27ng 7083890122 p2 |22|11639 46 [ 6.0 7.7|17/50rurbol 1%|30002 k.0 [140]0.d38 giggr[mRegmglmd A nerts /11,83
k= 22 |12% SmithSDGH | XB3191 112 12 |12 {11639 | 267 {10.0 - |26.7| 10 {140 1%[32002 B.0 (1390514 |1]|1 % Reamed B/11/83
23 |12% Pmith/SDGH | XB3174 |12 12 {12 11639 | 229 l19.5 - |11.7| 5/10f 140 | 1%|3200% b.0 |12012.552 | 2| 4 3é Reamed 10/11/83
17
24 [12% Reed |FP533 221762 114 N4 |14 11639 | 179 h1.5 - 115.61 10 | 100 | 1%|32002F.0[130L2.555 | 1| 1|16] Reamed 11/11/83
Reamed dig
24RR12% Reed [FP53J 221762 |14 14 14 11639 | 20 |0.5 | - |40.0| 5 |120| 1%f32n0| 4.0 1302 558 | 1| 1 14| CEipee On conditony )1y g5
, ) I
25 | 8% Bmit FDT | CAB094 11 N3 11 11639 | 34 [8.0 | - [ 4.3{10; | 60| 1%|3000 4|6.0| 83}14 58 | 1| 1 1| Reamed. —Drilled 16,11/83
26 | 8% pmit{FDGH | CJ4932 | of y [t [11650 11 | 4.0 P88.5| 2.7925/30 100 | - (3100 4|6.0040)49|62 |8 | 3|14 17/11/83
27 | 8% Bmity SVH | CH1096 13 n1 (11 (11663 | . 11.5 B9o.o| 8.7|30/35[084 | - [31001(6.0{ sohao|73|4a] 2| 1 |P@EpoBaadne PeAFiNT 18/11/83
LX27 ) 60 26 broken
28 8% géart Hs | 708395318 ng |18 [11872 209 R5.5 415.5] g.2 25/30rasEd - 3600 116-0| 82}150 63|0K¥ for |re-run cutters 19/11/83
LU0
29 | 8% gnipy F2 | X9562 [11 na h1 (11902 | o T6.5 422.0| 4.6|20/30] 76 | - |32501]6.0| 83hs163|1] 1] 1 |Like new 20/11/83
30 | 8% plamxiMS-5 | 311-17 |1 518 [18 |13306 |, 5, 1330 555.0|10.6 |25 [rurbd - [3650(1|6.0| 95115 148[Ngse| 100% worn 27/11/83
D. . od ccndition (loss. circubtid)

31 | 8% Poargl¥10 | 7082925018 ng pis [13454 | 1,45 |11 566.0|13.5 [15/25rurbd - [3700/1 6.0 94 55| 48| S99} Cqraition (loss ¢ chips|30/11/83
32 gy Pmith F2 BR 0191l 0 p el n 13780 326 |57-5623.5| 5.7 |40/45| 65 |5% |1050/2(6.0| 7050|482 |3 %Slick BHA TD well |3/12/83
o SMITH oL

liments of
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SMITH REPRESENTATIVE PHONE SMITH TOOL DIVISION OF SMITH INTERNATIONAL, INC.




Phillips Australian Diamond M Bl RECORD Victoria,

CONTRACTOR | county | state

COMPANY
S Co vty - 114 Zo. _'I‘_A“"_} stre v: ria
Tt . WELL N0 Bridgewater Bay |[sec TOWNSHIP RANGE BLOCK FIELD
Vic/Pl4 No. 1 Vic/P1l4 | Otway Basin
R " DRAW
oSwER Pt 5" E & S 135 _ E WORKS _ 0ilwell E-3000
A 0 MAKE TYP . UNDER SURF 3"
DRILLER JoINT 4% IF rowen  Blectric We 16 Sept. 1983
NO 0.0 10 LENGTH MAKE MODEL STROKE INT DATE
DRILLER Coum 20 7-3/4" 2-13/16" 30 ffno: oilwell A 1700 PT 120
MORNING DRILL NO 0D D LENGTH PUMP MAKE MODEL STROKE TD DATE
DRILLER COLLAR 30 6" 2-13/16" 30 fgno 2 QOilwell A 1700 PT 12" 3 Dec. 1983
' ' JET SIZE ePTH OURS cc GH1 | rotary | vert | pume PUMPS MUD DULL CODE REMARKS
No | Szt | wror | tvee | oren N Y Dop1u F1GE | "0 | wours | FT/*® |ig0o tes| RPw | OEv. | pRess No|Umer JSPM | wr Jvis | T] 8] ¢ CiRe FLUID. ETC DATE
1 | 26| nre|98%7|va 878 |22 {22 22 612 181 6.5 6.5/27.9| 3/5 |110| 1 [950 b, k.5|2208.5p50| Mint Psed on Athene 16,/9/83
136 Ju.o. - bo |22/ 221 €12 | 181| ©-5| - |27.9| 3/5|110| 1 |950 & F.5 b2olg5p50| Mink "o " 16/9/83
1RR | 26 | HTC [95%; lvg 878 bo | 22| 22l 1655 | 1043|13.0|19.5]80.210 110 | .5p000 P b.5 p20lg.5700l ink " " 18/9/83
2 | 147Smithipss |sBB 020 P4 |24] 24| 2764 | 1109|20.0[39.555.5(10/14 110| 0 P300k [6.5p20ls.0| 35(2 |2 | 1 |SP3nge aIms 27/9/83
Jami 3Ch
.3 | 1435mith/SDT ispr go5 P4 |24)24) 3674 | 910|2g.067.5/32.5[35 | 110| .5p500|%|6.5220p.1|37'8 |4 | g|undesreanos 29/9/83
4 | 1428 DS 1747 Rr P4 1241241 4969 1295]31.098.5|41.8(23/35 110 | .5p650 | 4|6.5020h.1| 36|8 |6 | % |Sh3nge arms 2/10/83
3|
5 | ldg HIC 03571894 XT | 54104| 24 5260 | 291|11.5h10.0] 25-3[25/35 110 | .5p650|%|6.5p20k. 1| 43|6 |5 %;U“dereamer 3/10/83
6 | 124SmithFDGH |XC 2406 | 14|14| 14| 5260 220 3.0 - 73.3 15/20 40 .52200 1-6.5010(9.143]8 |8 |I [prilled cement 8/10/83
Lomitl 12 géait—e E‘latm T.S. Olp j n| 5260 881 9.0 - 9.8 15/2d 40| .5]1500] %} 6.49150 P. 1 45 Milled on cement 9/10/83
m I3
.. |FDGH |XC 2406 | 14|14 14 5260 129/ 8.5 | - }15. . 5 Metal found in teeth
6RR | 124mith FlGi 2 |15/20| 60 | .512500 % 6.91408.9) 36/ 6|1 |1 | p2r8y OO0t 10/10/83
Mill 12 Pio et | T.s. 0 pelnls5260 35.0 | - | 0.6[15/20| 40 | .5|1500| %| 6.91508.9| 34| 9o0sf [Milled on packer |11/10/83
6RR | 12%4Pmith|FDGH |XC 2406 | 14} 14| 14} 5260 66{4.0 ¢ - 116.5(25/30| 50 | .5[2550{ %| 6.5140B.9| 34/6 | 7|I Deritlelee%) comaned 12/10/83
7 | 124fmith FDGH | XA 69701141141 14) 5945 | 685|317, 5[127.0]39.1|40/45/ 110 | 1 p800|4|6.5n1408_ 4|38 |8 | 7|% |Bearings showing |13/10/83
AS514 iesi
8 | 124Reed 77377 034439 | 1,194) 14| 6929 | 984[,5 5[150.0/43.7|40/45( 110 | 1 p900|%|6.5133h 436 |4 | 3|T6 8 inserts ™issing 14/10/83
9 | 12%Reed MS31- 634438 |, 1. 1,1 7300 | 371|15 5[65.523.9 [40/45| 110 | 1 pooo|% 6.5130h 5383 | 5|1 15/10/83
10 | 12%fmith|FDGH XC 3886 | 14114\ 14} 7689 | 3894 o[L79.5{27.8{40/45| 80| .5p900|%|6-530b.538 (6 | 4|% 16/10/83
11 | 12%pmith|FDGH XC 3887 |14|14|14| 7986 | 297|1¢.5[96.0/18.0 [35/45] 75| - pooo|%| 6.%130b.5l38 |5 | 3|4 17/10/83
12 | 12%|gnith) F2 (K 2419 |14|14{14| 8100 | 114| ¢ op05.0{15 7 |35/45] 70| .5p850 y| 6. q130p.5[36 L | 2T 18/10/83
13 | 1p,PiEexMs-5 | 212-11 [15/15/15| 8100 | 1473} 25.0| - |58.9 |10/20[®EDO .5 [1750{%|6.00200.537 {15} wirn ggi‘“mgﬂtglght hole | 54/10/83
- _ Reaming/Drill-
14 | 1pypmith|SDGH BB 2623 [14]14]14) 8100 | 170 1.0 170.0 | 0/5 ;33 .5 1800 |%16.0120(9.587 {1 |11 |string parted 20/10/83
. 7] Tr1 [Sare - i "
Mill| 104 siate|flat | T-S- Open| 8100} 1.83 10.5 0.2 110/20| "100| -5]650] 1/6.0| 70]95B7 |- |- |- |gttded\off 2¢/ . 155 /10/83
'smnu -
Compliments of d
P lI P.0. BOX C19511 ¢ |RVINE, CALIF, 92713-9511
SMITH REPRESENTATIVE ______ . I — PHONE SMITH TOOL DIVISION OF SMITH INTERNATIONAL, INC.




Table 2

Bridgewater Bay No. 1

Totco Survey Summary

Depth metres RKB Vertical Deviation
Degrees
156 1.0
187 1.0
266 1.0
368 1.0
504 0.5
667 0.5
815 0.5
842 0.0
1001 0.5
1120 0.75
1277 0.5
1424 1.0
1515 0.5
1603 0.5
1812 1.0
2112 1.0
2225 0.5
2344 0.5
2434 Mis-run
2469 0.5
2499 0.5
2694 Mis-run
2869 0.75
3072 0.75
3114 0.75
3548 1.25
4200 5.25%

*The hole deviation gradually increased to 5.25 degrees. The
Schlumberger dipmeter survey indicates that the increase occurred while
turbodrilling between 3800 and 4100 metres and was due to drilling
through dipping formations of 10 to 20 degrees.
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f) Casing and Cement

The 30-inch conductor was run and cemented with the casing shoe at 182
metres. There were no problems encountered. The 20-inch conductor
with a 16-3/4 inch wellhead was run and cemented with the casing shoe

at 493 metres.

The 13-3/8 inch casing was set deeper than programmed, at 1594 metres
instead of 1219 metres, in order to case off the very porous and
permeable sands encountered. The 13-3/8 inch surface casing was run
and cemented with the casing shoe at 1594 metres. When the SSR top
cement plug bumped on the float collar, it failed to hold pressure.
Another 14 bbls of displacement mud was pumped in an attempt to dis-
place the plug further, thereby displacing the cement from within and

around the shoe joint.

After the 13-3/8 inch seal assembly had been set the casing was tested
with negative results. A 217-sack cement plug was placed from 1579 to

1488 metres and the casing was tested again with positive results.

A 12-1/4 inch slick bottom hole assembly was run in the hole. The
cement plug, float collar and float shoe were drilled without encoun-
tering any cement in the shoe joint. It was concluded that during the
cement displacement the cement pickup dart failed to seal in the top of
the float collar therefore allowing mud to displace the cement from

both the inside and outside of the shoe joint.

A casing scraper was run in and out of the hole to clean the casing. A
Halliburton EZSV packer was run in the hole and set at 1576 metres
on a wireline. Attempts were made to test the EZSV with negative
results. A Halliburton RITS packer was picked up, run in the hole on
drillpipe and set at 1574 metres. The 13-3/8 inch casing tested with
positive results but the EZSV packer still would not test. It was con-—
cluded that the EZSV was leaking through the stinger area. The RTTS

was pulled out of the hole and drillpipe with a stinger was run in the
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neat cement mixed at 15.8 ppg were squeezed below the EZSV.

The EZSV packer and cement wer

¢

drilled out to 1585 metres

inch casing was successfully tested to 2500 psi for 15 minutes.

It had not been intended to run a 9-5/8 inch casing before reaching
hole problems made it necessary to run it as a
"trouble" string. The problems of overpressured formations experienced

1
after reaching a depth of 3548 metres made it necessary to raise the
h

mud weight to 12.5 of the 1 of 13.0

ppg, wi
obtained at the shoe of the 13-3/8 inch casing, thereby making the
setting of the 9-5/8 inch casing unavoidable if the hole was to be

drilled deeper.

The 9-5/8 inch intermediate casing was run and cemented with the casing

shoe at 3519 metres. There were no problems encountered.

More information concerning casing and cement can be found on Table 3.
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Table 3

Bridgewater Bay No. 1

Casing and Cement

Elevations

RKB

to MSL

23m

RKB to seabed [3lm

Casing Cement
T 1 Grade & Amount Depth Cuft Slurry
Date Size | Weight Coupling Run Set (RKB) Slurry Class/Type Weight TOC Additives
16.9.83 30" ™ wall Vetco Squnch 53.52m 182.0m 1725 Class G/Neat 15.8 seabed 1%Z CaCL
mixed with PPE
: seawater
17.9.83 20" 1133 1b/f4 X-56 359.63m 493 . T1m Lead Class G/Neat | 12.8 ppg| seabed 2.5% gel-
Cameron JV 2522 mixed with water
Type LW drillwater 0.5% CFR-
2
Tail Class G/Neat | 15.8 ppg
575 mixed with
seawater
5.10.83 [13-3" 72 Ib/ft N-80 1465.45m 1594.57m Lead Class G/Neat | 12.8 ppg 341 m 2,54 gel-
B Buttress 3292 mixed with water &
drillwater 0.4%
CFR-2 &
0.2% HR-6L
’ Tail Class G/Neat | 15.8 ppg 0.1%
575 mixed with HR-6L
drillwater
Plug Class G/Neat | 15.8 ppg Nil
256 mixed with
drillwater
Squeeze Class G/Neat| 15.8 ppg Nil
Job 345 mixed with
drillwater
13.T1.831] 9-578" 47 1Ib/tt N-80/L-80/] 3390.63m 3519.52m Lead Class G/Neat| 12.0 PPG| 2081 m 3.74 gel -
P-110 2016 mixed with water,0.5%
Buttress drillwater CFR-2
Tail Class G/Neat| 15.8 PPG 0.5% CFR-2
575 mixed with 0.8% Halad
drillwater 22A
0.1%Z HR-6L




g) Leak Off Test

Leak off tests were performed as per Phillips Australian 0il Company's

esults can be found in the table below (Table 4).

L]

test procedure. The
The additional leak off test performed below the 13-3/8 inch casing shoe
were due to the cementing problems encountered while cementing the
13-3/8 inch casing and the overpressuring problems encountered at 3548m.
The additional tests performed below the 9-5/8 inch casing shoe were due

to lost circulation problems encountered at 410lm.

Table 4
Bridgewater Bay No. 1
Leak Off Test

Leak-off Bbls

Date Interval Bbls Pressure Bled Und Wt. EMW
Pumped (psi) Back (ppg) | (ppg)
Below 20"
Shoe:
25/09/83 | 493-507m 2.5 300 1.0 8.5 12.1
Below 13-3/8"
Shoe:
8/10/83 | 1595-1593m 9.5 1030 3.0 9.1 12.9
11/10/83 | 1595m-1606m 8.5 1030 4.25 9.2 13.0
8/11/83 | 1595m-3548m 9.0 730 5.0 10.5 13.2
Below 9-5/8" 1500 3.0 14.5 17.0
Shoe:
16/11/83 | 3519m-3551m 5.0
26/11/73 { 3519-4101m 11.0 470 8.75 14.9 15.6
(Bit at 3753m)
26/11/83 | 3519-4101m 10.0 510 10.0 14.9 15.8
(Bit in 9-5/8" :
Shoe)

23



h) Drilling Fluids

The hole was spudded and the 36-inch and 26-inch holes were drilled
using seawater, periodically flushing with high viscosity slugs of

Aquagel flocculated with caustic soda.

The 17-1/2 inch hole was drilled with a seawater, gel, polymer mud
system. The mud was prepared by blending seawater with prehydrated
bentonite and treating with Drispac to maintain an APl filtrate of less
than 10 cc¢/30 min. Pills of seawater, Desco and walnut hulls along
with 4 ppg of Soltex were added to alleviate suspected bit balling from
884 to 1372 metres.

The 12-1/4 inch hole was drilled with a potassium chloride - polymer
mud system. The hole was drilled to 3548 metres with a KCL content of
10-12% by weight with the API filtrate maintained between 7.0 and 8.5
cc/30 min. After reaching this depth 70 hours were lost due to
weather. While running in the hole after the weather abated, hole
problems (high torque, swelling clays, caving hole) were encountered
below 3358 metres. The following steps were taken to overcome these

problems:
1. Added Drispac and Drispac Superlo to reduce API filtrate to 5
cc or less.
2. Raised KCL content to 16-17% by weight.
3. Progressively raised mud weight from 9.9 ppg to 12.5 ppg.
4., Added 4 ppb Soltex to mud.
5. Added Torque Trim.

6. Added 10% by volume of diesel oil. (Temporary step only)

Raising the mud weight and adding diesel oil seemed to be the most
effective measures in stabilizing the hole to the present total depth
before running electric logs. Electric logs were unable to go deeper
than 3534 metres. They indicated formation overpressuring started at

approximately 3050 metres, increasing with depth.
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During the subsequent clean-out trip, heavy cavings in the mud returns

indicated deterioration of the hole condition.

The cementation of the 9-5/8 inch casing at 3519 metres was preceded by
cavings and mud losses. The KCL - polymer mud system continued to be
used for the 8-1/2 inch hole. Upon drilling out of the 9-5/8 inch cas-
ing shoe, hole problems (high torque, hole packing off, swelling clay)
were encountered. The mud weight was raised from 12.5 ppg to 15.0 ppg,
thereby stabilizing the formation. When turbodrilling ahead was re-
sumed, the KCL content was thereafter increased from 16% to 25-267% by
weight and Drispac Superlo was added to maintain an API filtrate around
5cc. Also Desco and dilution were used to maintain the rheological mud
properties at acceptable levels and Soltex was added to combat torque
problems. While making a wiper trip with the turbodrill at 4041
metres, some overpulls of 140,000 1lbs were experienced. Some high
torques were also occasionally occurring while drilling. It was there-
fore decided to increase the mud weight to 15.5 ppg, but before that
mud was halfway up the annulus, with the bit drilling in a sand at 4052
metres there was a loss of circulation to the formation. Mud weight
was reduced to 15.2 ppg, normal circulation was regained, and drilling
proceeded to 4101 metres, when circulation was again lost. The mud
weight was cut back to 15.0 ppg and a 30 bbl mica pill was pumped in
the hole. Full circulation was regained. (The loss of circulation was
most likely due to the combination of the high mud weight and high cir-
culation rates used to operate the turbodrill. This combination caused
a high pressure loss across the turbo which was capable of fracturing
the formation). The hole was drilled on to 4200 metres with a con-
ventional drilling bit and slick drillcollars with 15.0 ppg mud without

problems. The well was logged, plugged and abandoned.

Mud properties, materials and costs are given in Tables 5, 6, and 7.
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Table 5

Bridgewater Bay No. |

Mud Properties

Depth Hole Size Weight Chloride KCL OIL Water Loss Viscosity PV
(m) (inches) (ppg) (pPM) (ZWT.) (%) (API) (sec)
180 36 8.5 - - - - 200+ -
256 26 8.5 - - - - 200+ -
504 26 8.5 - - - - 200+ -
842 17-1/2 9.3 12,000 - - 13.0 35 6
988 17-1/2 9.2 13,000 - - 10.0 38 10
1120 17-1/2 9.1 15,000 - - 12.0 37 6
1188 17-1/2 9.2 15,000 - - 12.5 36 7
1514 17-1/2 9.1 15,000 - - 12.0 36 7
1603 17-1/2 9.1 15,000 - - 10.0 43 7
1664 12-1/4 9.2 75,000 - - 10.0 39 9
1832 12-1/4 9.4 73,000 - - 9.8 38 10
2113 12-1/4 9.4 75,000 - - 9.8 36 9
2094 12-1/4 9.4 75,000 10.0 - 9.8 36 9
2221 12-1/4 9.6 63,000 9.5 - 9.8 35 9
2344 12-1/4 9.5 59,000 7.0 - 8.0 38 12
2434 12-1/4 9.5 59,000 9.0 - 8.0 38 13
2469 12-1/4 9.5 57,500 9.0 - 8.4 36 9
2470 12-1/4 9.5 57,000 9.0 - 8.8 37 10
2499 12-1/4 9.5 56,500 10.0 - 7.4 37 10
2693 12-1/4 9.6 60,000 10.0 - 8.7 36 9
2745 12-1/4 9.6 60,000 10.0 - 7.8 36 10
2861 12-1/4 9.7 61,500 11.5 - 8.2 37 10
2979 12-1/4 9.7 60,000 11.0 - 7.8 37 12
3073 12-1/4 9.7 61,500 12.0 - 7.2 39 14
3121 12-1/4 9.7 62,000 12.0 - 6.9 39 12
3257 12-1/4 9.7 61,000 12.0 - 7.4 36 10
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LT

Depth
(m)
3385
3476
3550
3550
3550
3550
3551
3559
3604
3623
3655
3725
3790
3868
3937
4023
4056
4059
4101
4102
4147
4180
4200

Table 5 (continued)

Mud Properties

Hole Size Weight Chloride KCL OIL Water Loss Viscosity PV
(inches) (ppg) (PPM) (ZWT.) (%) (API) (sec)
12-1/4 9.8 59,500 10.0 - 8.4 36 9
12-1/4 9.9 60,500 10.0 - 8.9 36 9
12-1/4 9.9 60,000 10.0 - 8.6 37 10
12-1/4 11.2 77,000 15.0 9 7.0 44 15
12-1/4 12.5 86,000 16.0 8 4.2 61 30
8-1/2 14.0 86,000 16.0 7 5.6 58 38
8-1/2 14.9 87,500 14.0 6 6.2 68 47
8-1/2 14.9 95,000 14.5 6 4.6 73 50
8-1/2 15.0 144,000 26.0 5 5.8 63 43
8-1/2 15.1 142,000 25.0 5 5.5 63 40
8-1/2 15.0 144,000 26.0 4 4.8 64 41
8-1/2 14.9 149,000 22.0 3 6.2 66 37
8-1/2 15.0 147,000 23.0 2 7.4 65 30
8-1/2 15.0 147,500 24.0 1 5.6 54 33
8-1/2 15.0 146,500 25.0 1 5.6 54 32
8-1/2 15.0 145,000 24.0 1 5.2 53 34
8-1/2 15.2 151,000 26.0 1 5.1 48 31
8-1/2 15.1 148,000 26.0 1 5.8 48 31
8-1/2 14.9 134,000 25.5 1 5.8 49 33
8-1/2 15.0 134,500 24.5 1 6.1 49 33
8-1/2 14.9 141,000 26.0 1 4.8 54 36
8-1/2 15.0 143,000 26.0 1 5.1 50 36
8-1/2 15.0 143,000 26.0 1 5.0 48 33

20
26
22
20
23
20
27
19
21
15
17
16
19
14
14
14
14
18
15
15
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Type

Al. Stearate
Aquagel (bulk)
Aquagel (sack)
Baradefoam
Caustic Soda
Desco

Drispac

Drispac Superlo
Lime

Mica

Potassium Chloride
Soda ash

Soltex

Torque Trim II
Walnut

XL Polymer
Baroid (bulk)

Diesel 01l
Mud chemicals
Reserve mud
Barite

Fresh water

Sea water

Total mud made

Table 6

Bridgewater Bay No. 1

Mud Materials

Unit

25
100
100

55

70

25

50

50

25

40

50

40

50

55

50

50
100

kg

1bs
1bs
gal
kg

1bs
1bs
1bs
kg

1bs
kg

kg

1bs
gal
1bs
1bs
1bs

bbl
bbl
bbl
bbl
bbl
bbl

bbl

28

Quantitz

6
2,430
42

6

167
356
435
307

30
6,694
95
454

12

47

136
17,620

200
1,300
250
1,178
14,238
6,960

24,126



Interval

Seabed to 187m
187m to 504m
504m to 1603m
1603m to 3548m

3548m to 4200m

Table 7

Bridgewater Bay No. 1

Mud Cost

Hole Size

36"
26"
17-1/2"
12-1/4"

8-1/2"

TOTAL:

29

Cost A$

4,822.54
7,666.22
51,318.39
252,470.23

204 ,445.52

A$520,722.90




i) Fishing
There were two occasions during the drilling of Bridgewater Bay No. 1

well when fishing operations had to be executed.

The first occasion was when the BOP test plug became stuck in the well-
head after a stack test. The string was backed off one single above
the test plug and pulled out of the hole. A fishing bottom hole as-~
sembly was made up, run in the hole and engaged. Due to excessive rig
heave, the overshot was backed off from the fish and pulled out of the
hole. At the surface it was discovered that the string backed off at
the service break in the 8-inch bumper sub, not the overshot. A new
fishing bottom hole assembly was made up, run in the hole and engaged.
The test plug was successfully jarred loose and pulled out of the hole.
The test plug support spring of the FMC test plug was found to be
broken and part of it missing. The damage probably occurred when set-

ting the tool in rough weather.

The second occasion occurred while reaming undergauge 12-1/4 inch hole
at 2243 metres. The drillstring parted at a weak tool joint leaving
657 metres of equipment in the hole. An overshot with 6-3/8" spiral
grapple was run in the hole but failed to get over the fish. When the
drillstring parted, the box end of the weak tool joint apparently
belled out causing it to be too large for the overshot to engage. A
milling bottom hole assembly was run in the hole and 22 inches of the
fish were milled off. An overshot with a 5" basket grapple was run
back in the hole and engaged the drillpipe. The fish was then success-

fully retrieved out of the hole.

During the Schlumberger logging run of 3548m, nine CST sidewall coring
bullets were lost in the overgauge 12-1/4 inch hole. Some of these
were subsequently encountered on bottom when attempting to drill ahead
in the 8-1/2 inch hole with bit No. 26 over the interval 3548m -
3551m. The remnants of the bullet junk were recovered in a junk sub
run above the next bit, No. 27, while drilling interval 355lm - 3555m.

Thereafter turbodrilling with a stratapax bit was able to proceed.
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j) Overpressuring

Hole Problems

Some slight overpressuring of about 10.0 ppg was expected 1in the
Belfast Formation in the Bridgewater Bay No. 1 well similar to that of
the neighbouring Voluta No. 1 well. However, the overpressuring was
not detected until the weather and related events necessitated an 82
hour delay during which the 12-1/4" hole remained open without a wiper
trip or conditioning trip. While running in the hole, after the
weather abated, the hole was found to have closed off from 3365 to
3548m. The mud weight was increased from 9.9 ppg to 12.5 ppg and 10%
diesel oil was added. The hole was cleaned to 3546m, electric logs
were run, and the 9-5/8" casing was set. The electric logs confirmed
the presence of overpressuring. It is suspected that some form of

hydration of the clays accompanied the overpressure.

Hole problems were encountered almost immediately after drilling out of
the 9-5/8 inch casing shoe with the 8-1/2 inch bottom hole assembly.
The bottom hole assembly continued packing off while trying to clean
out the rat hole. The mud weight was gradually raised from 12.5 ppg to
15.0 ppg thereby stabilizing the formation. This allowed the coaven-—
tional slick bottom hole assembly to drill enough footage to perform a
leak off test which yielded an equivalent mud weight of 17.0 ppg. The
hole was continued using a turbo drill bottom hole assembly to 4042m
where tight hole was encountered, leading to increasing the mud weight
to 15.5 ppg. However, this high mud weight immediately led to loss of
circulation at 4052m and later at 410lm. At 4052m the mud weight was
reduced from 15.5 ppg to 15.2 ppg and circulation was regained (250
barrels of mud were lost). At 4]10lm a combination of decreasing the
mud weight from 15.2 to 15.0 ppg, the opening of the circulating valve
above the turbodrill, and the use of lost circulation material enabled
the circulation to be regained (425 barrels of mud were lost). While
pulling out of the hole, after regaining circulation, it was found
that the hole would not take any fluid, nor was it flowing. It was

assumed that the 1lost mud and/or possibly formation fluid were
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returning to the wellbore as the pipe was being pulled. This indicated
that the hole hydraulics were almost perfectly balanced. The bit was
pulled in to the 9-5/8" casing shoe and a leak off test was performed.
The results yielded an equivalent mud weight of 15.8 ppg which was
almost equivalent to the pore pressure, A counventional slick bottom
hole assembly was run back in the hole and drilling continued to the

total depth of 4200m.

Electric Logs

Even though overpressuring was suspected while reaming the 12-1/4 inch
hole at 3365m (the drilling parameters, flow-line temperatures, Dcs
exponent and gas shows, did not indicate overpressuring while drill-
ing), it was not confirmed until the electric logs were run. The sonic
and resistivity logs displayed a small leftward deflection at 3050m
which was the top of the overpressured zone. The hole caliper showed
an increasing hole size from 12-1/4 inches up to 23 inches plus from
3050 to 3530 metres. This was a very good indication of overpressur-
ing. A semilog plot was made of the sonic travel time vs. depth
(Figure 2). The points followed a straight line trend to 3050m then
deviated to the right of the trend line for the remainder of the well.
This deviation indicated increasing shale travel times (slower veloc-
ity) indicating overpressuring. Figure 2 also exhibits the overburden
gradient, fracture gradient, pore presure gradient and mud weight vs.
depth. The top of the overpressured zone can clearly be picked out omn

this figure.

Calculations using the following Gulf of Mexico derived equation

yielded the following pressure gradieats.

Gp = Gob - (Gob - Gpn) ( Tn/ To)3

Gp = Formation pressure

Gob = QOverburden gradient

Gpn = Normal pressure = 0.4330 psi/ft = 8.33 ppg

ATn = Normal travel time

Observed travel time

aTo
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Depth Gob A Tn a To Gp

metres psi/ft PP ms/ft ms/ft psi/ft PP
3100 0.9650 18.56 77 89 0.6209 11.94
3200 0.9655 18.57 75 87 0.6245 12.01
3300 0.9700 18.65 74 93 0.6994 13.45
3400 0.9700 18.65 72 94 0.7285 14.01
3500 0.9705 18.66 71 89 0.6978 13.42
3600 0.9750 18.75 69 88 0.7140 13.73
3700 0.9750 18.75 68 88 0.7249 13.94
3800 0.9755 18.76 67 86 0.7192 13.83
3900 0.9800 18.85 65 85 0.7358 14.15
4000 0.9800 18.85 64 83 0.7296 14.03
4100 0.9805 18.86 63 82 0.7322 14.08
4200 0.9850 18.94 62 80 0.7280 14.00

Note:

The accuracy of this information is + 1.5 ppg due to the equation used
(derived for Gulf of Mexico wells) and due to the position picked for

the transit time trend line.

This calculated degree of overpressuring in the Bridgewater Bay No. 1
well, approximately 14.2 ppg (+ 1.5 ppg), is much higher than that
thought to be present in the Voluta well, 10 ppg.

Conclusions

The data interpreted from the electric logs indicate overpressuring
from 3050m to the well's total depth of 4200m The calculated degree of
overpressuring is approximately 14.2 ppg (+ 1.5 ppg). However, the
hole behaviour at 4042m indicates the overpressuring to be of the order
of 15.5 ppg. At 4042m increased drilling torque indicated swelling
with a mud weight of 15.0 ppg. Also, from the caliper log, the over-
gauge hole at 4050m indicated an insufficient mud weight to contain the
formation gas. (Thirty-five percent gas was obtained with bottoms up
after swabbing the hole while pulling out with the turbo drill bottom
hole assembly.) At 4050m the formation was apparently very tight with
minimal porosity and no permeability. When the bit encountered this
section of the hole, the insufficient mud weight (15.0 ppg) allowed the
gas near the wellbore to expand thereby enlarging the hole by caving.
It is concluded that the overpressuring in Bridgewater Bay No. 1 was

greater than 15.0 ppg, probably of the order of 15.5 ppg.
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BRIDGEWATER BAY No.l -ABANDONMENT STATUS

Plug No.?2

169-253m

R.T. elevation O

Seabed 13Im

20 and 133/8 sheared off at 136m

Balanced plug

L‘—' I —

Plug No.1 [

3446-3488m
Balanced plug

EZSV retainer set
at 3488m WLM

Squeezed 15-5bbl1-15-8ppg
Class G neat cement
below retainer

'b‘ 30"x 1"wall conductor set at 182:00m
]~ 36" hole to 186m

95/8" casing cut at207m

Estimated top of cement 34Im

20", 133#* conductor set at 493-11'm
26" hole to 504m

133/8", 72# surface casing set at1594.57m
I71/2" hole to 1603 m

] | Estimated top of cement 208Im

95/8", 47# production casing set at 3519-52m
121/4" hole to 3548 m

NOTE: All open hole and cased hole is filled
with15-0 ppg mud

L J T.D. 81/2"hole to 4200 m

FIGURE 3
A -5968



k) Abandonment Status

Upon completion of the final logging run, Halliburton EZSV squeeze
packer was run in the hole and set at 3488 metres with the wireline.
Drillpipe with stinger was run in the hole and stung into the packer.
Sixteen barrels of class 'G' neat cement mixed at 15.8 ppg were
squeezed below the packer. Ten barrels of cement were then placed on
top of the packer. Ten barrels of cement were then placed on top of
the packer. (It was intended to squeeze 21 barrels of cement below the
packer, but due to a displacement calculation error only 16 barrels of
cement were squeezed below the packer. This 1left five barrels of
cement in the drillpipe which was not circulated out due to another
error. While circulating down the choke line to flush the drillpipe
the kill line was accidently open thus only flushing the wellhead area.
Thirty-two singles of drillpipe were plugged with cement). The plug

was successfully tested to 2000 psi for 10 minutes.

The Servco 9-5/8 inch casing cutting tool was run in the hole and the
9-5/8 inch casing was cut at 207 metres. The Servco casing spear was
run in the hole and recovered 78.5m of 9-5/8 inch casing (6 regular

joints, hanger pup joint and stub).

Open end drillpipe was run in the hole to 253 metres. One hundred and

sixty-three sacks of class "G" neat cement mixed at 15.8 ppg were

pumped as the surface plug. The BOP stack and riser were displaced
with seawater. It was noted that the hole was taking fluid during
displacement. Open end drillpipe was run in the hole and tagged the
cement plug at 215 metres. The cement had apparently fallen down the

9-5/8 inch by 13-3/8 inch annulus. The drillpipe was pulled out of the
hole to 207 metres and another balanced plug of 109 sacks of class "G"
neat cement mixed at 15.8 ppg was laid. The plug was successfully

tested with 15,000 pounds weight.
The BOP stack and riser were pulled and recovered. An explosive charge

was made up below the 16-3/4 inch wellhead running tool and run in the

hole. Several unsuccessful attempts were made to engage the running
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tool. The running tool and explosive charge were pulled back out of
the hole. A 50 kilogram explosive charge was made up on the rig sand
line, and run in the hole to 136 metres. The rig was moved 189 - 192
metres off location and the explosive was detonated. The rig was moved
back on location and a Servco 13-3/8 inch casing spear was run in the
hole. The 16-3/4 inch wellhead and a 13-3/8 inch casing stub were
recovered. An explosive charge was made up 3 metres below the 30-inch
wellhead housing running tool, run in the hole, and detonated. (This
was performed twice. The first run was a mis-fire). The 30-inch
wellhead housing, floating guide base and the permanent guide frame
were recovered and dismantled. The anchors were pulled and the Diamond

M "Epoch' departed the Bridgewater Bay No. 1 location.

The abandonment status of Bridgewater Bay No. 1 can be seen on Figure

3.
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4. GEOLOGY

a) Summary of Previous Investigations

0il exploration in the Otway Basin began during the late 19th century
when several shallow wells were drilled without encountering hydro-
carbons. Exploration using modern methods began in the early 1950s and
63 wells have been drilled since 1960. 1In the early 1960s Frome-Broken
Hill, Alliance O0il Development, and Planet O0il became the major
operators, and seismic surveys were conducted followed by drilling
programs. In the late 1960s to early 1970s Shell and Esso farmed into
much of the onshore and offshore acreage and became the major oper-
ators, but were unsuccessful. From 1975 to 1978 exploration was
dormant throughout the basin. New onshore permits were issued in 1978,

and three offshore permits were awarded in Victoriam waters in 1980.

No commercial quantities of hydrocarbons have yet been discovered in
the Otway Basin although a sub-commercial gas field was discovered on-
shore at North Paaratte No. 1 in the eastern portion of the basin in
1979. To date, some 21 wells in the basin have recorded hydrocarbon
shows, four of which have been located offshore (Voluta No. 1, Triton

No. 1, Pecten No. 1, and Crayfish No. 1).

Exploration Permit Vic/Pl4 was awarded to the Phillips Group on 16
January, 1980. Structural interpretation of the Bridgewater Bay pros-
pect was based on geophysical mapping of the "OP 80" seismic survey
recorded by Geophysical Services International (GSI) in 1980.
Bridgewater Bay No. 1 was the second well to be drilled in Permit
Vic/Pl4, and followed the drilling of the Discovery Bay No. 1 in 1982.
Permission to drill Bridgewater Bay No. 1 was granted by the Victorian

Department of Minerals and Energy on 20 July, 1983.
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b) Regional Geology

The Otway Basin is a passive continental rifted marginal basin and its
development 1is controlled by various pre-rifting, rifting and post-
rifting episodes. Actual rifting began during the uppermost Jurassic
to Early Cretaceous following initial basin formation possibly related
to movement along a major right lateral strike-slip fault along the
basin's northern margin. The downwarp of Early Paleozoic basement
rocks associated with rifting, was infilled by fluvio-lacustrine
volcanogenic sediments of the Otway Group. Volcanism ceased toward the
end of the Lower Cretaceous rifting episode and passive infilling of
the rifted margin by non-volcanic sediments of the Sherbrook Group
commenced. A Mid-Cretaceous unconformity between the Lower Cretaceous
Otway Group and Upper Cretaceous Sherbrook Group sediments probably
represents failed rifting between Australia and Antarctica, and also

documents the opening of the Tasman Sea.

Sedimentation was predominantly from the north during Sherbrook Group
deposition with a marine connection to the west. The basal trans-
gressive Waarre Formation unit of the Sherbrook Group 1is in part
related to the localized weathering and reworking of Otway Group sedi-
ments. The unit was deposited in a fluvial environment in the Port
Campbell area and in a shallow marine environment in the Gambier
Embayment. The next depositional unit formed was the basinwide Belfast
Formation, marginal marine shale deposited in front of a major south-
ward prograding system. The prograding system contemporaneously laid
down the Paaratte Formation, a fluvial and marginal marine clastic
sequence, followed by fluvial sandstone, shale and coal of the Curdies

Formation.

A second phase of rifting, signified by a regional unconformity, com-
menced at the end of Upper Cretaceous time and culminated in the final
separation of Australia and Antarctica. The Lower Tertiary Wangerrip
Group, consisting of a basal transgressive sandstone conglomerate unit
(Pebble Point Formation) overlain by a deltaic-marine sandstone, silt-
stone, and shale sequence (Dilwyn Formation), was deposited during this

second rifting phase.
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Final separation of the continents occurred during Middle to Late
Eocene times, and rapid continental separation caused by direct sea
floor spreading westward of this basin resulted in strong downwarping
throughout the southern basinal margin. Passive Late Tertiary
infilling of the marine limestone, marl, and minor sandstone of the

Nirranda and Heytesbury Groups has continued until recent times.

The tectonic elements associated with the Otway Basin can be seen on

Figure 4.
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Sampling commenced at 513 metres with the installation of the marine
riser after setting 20-inch casing. All depths are recorded from the

Rotary Kelly Bushing, 22.5 metres above Mean Sea Level.

Tertiary

Late Pliocene to Middle Pliocene: Whalers Bluff Formation Equivalent,
Seafloor (?) - 822m (690.5m)

The naming of this unit has been based tenuously on foraminiferal
zonation and by correlation with the time-equivalent Whalers Bluff For-
mation developed onshore at Portland. It consists of calcarenites and
calcilutites, white to cream, greyish towards base of sequence,
massive, moderately hard to hard and soft to very soft towards base,
homogeneous, non-fossiliferous in upper part, dolomitic throughout, and
contains sand size calcite grains throughout. Foraminifers became
abundant below 587 metres and clay content increased, becoming choked
and sticky towards base (almost marly). These 1lithologies are

indicative of open shelf carbonate sedimentation.

A major hiatus separates the Middle Pliocene from the Late Miocene.
Some of the Miocene section is missing at Bridgewater Bay No. 1 due to
Late Miocene to Early Pliocene erosion. Likewise, the entire Miocene
section is not represented by the sedimentary sequence in Discovery Bay
No. 1 yet most of the Miocene is represented by limestone sediments on-
shore at Portland. In contrast, the Early Miocene is present in the
nearby Voluta No. 1 well. This suggests that there was a great deal of
erosion occurring during the Late Miocene to Early Pliocene, probably
by submarine canyon cutting prior to infilling initiated during the

Middle Pliocene.

Resistivity and sonic-transit time peaks at 822 metres indicate the

base of the Pliocene Whalers Bluff Formation Equivalent.

Middle to Late Miocene: Gambier Limestone (Heytesbury Group), 822 -
861.3m (39.3m):

The unconformable contact between the Gambier Limestone and the Whalers
Bluff Formation Equivalent is readily picked from resistivity and

sonic-transit time log readings and lithologically as a change from
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calcilutite to interbedded calcarenite and dolomite occurs. It con-
sists of calcarenite, white to cream and grey, massive, blocky, moder-
ately hard to hard, with calcite and foraminifers throughout. The
dolomite is green grey, hard, and appears as interbedded stringers
throughout the sequence. Also present in minor amounts are chert and
black, fissile shales. This section is consistent with the deposition

in a mid-continental shelf environment.

A major hiatus of approximately 15 million years separates the Middle
Miocene from the Middle Eocene. The entire Oligocene section is absent
at the Bridgewater Bay No. 1 location. This suggests a great deal of
erosion occurred at this location in post-Middle Eocene time, perhaps
as part of the submarine canyon cutting suggested in the Pliocene

segment.

Middle Eocene: Nelson Formation (Heytesbury Group); 861.3 - 90lm
(39.7m):

At 861.3 metres, distinct increases in gamma ray, resistivity log and
sonic-transit time log readings along with definite lithological
changes mark the top of the Middle Eocene Nelson Formation. The
lithology 1is comprised of calcareous claystone, grey, very soft,
massive, with black, hard, sugary textured dolomite, minor amounts of
chert and abundant quartz sandstone, white to brown and clear, medium-
to-coarse grained, subangular to rounded, and fair sorting. Also

present are pyrite, mica and calcite grains with glauconite staining.

The depositional environment appears to be in an inner continental

shelf enviromment.

A hiatus of approximately two million years exists at the base of this
unit between the Middle Eocene and the underlying Late Paleocene to
Early Eocene. This is characterized by a definitive but gradual de-
crease in the gamma ray readings, a sharp, well-defined decrease in the
resistivity log, and a sharp, well-defined increase in sonic-transit
time log readings. It also coincides with a strong seismic inflector

at 901 metres representing the green seismic horizon (Base Tertiary
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Carbonates; (Enclosure 5) mapped throughout Permit Vic/Plé4. This
permit wide/basinwide unconformity corresponds to the final separation

of the Australian and Antarctic Plates during Middle Eocene time.

Late Paleocene to Early Eocene: Dilwyn Formation (Wangerrip Group);
901 - 1168m (267m):

A very marked lithological change accompanied by sharp changes in log
character separates the Dilwyn Formation from the overlying Nelson
Formation. The gamma ray and resistivity curves vary consistently from
high-to-low responses, indicative of the interbedded sandstone-

siltstone lithologies comprising this unit.

The sandstones are lower delta plain in origin and occur in thick,
massive beds separated by thinner siltstones and claystones. Coal beds
one—-to-two metres thick occur at the top of this section. The sand-
stones are quartz, white to brown and clear, medium-to-coarse grained,
subangular to rounded, fair sorting with pyrite and mica present. The
siltstone is cream to grey, very soft, with foraminifers and spicules
common throughout and calcite cement. The claystone is dark brown,
homogeneous, plastic ‘and very sticky, very soft, mnon-calcareous,

carbonaceous, and non-fossiliferous.

Late Paleocene: Pember Mudstone (Wangerrip Group); 1168 - 1201.5m
(33.5m)

At 1168 metres, a subtle lithological change is shown by an increase in
the gamma ray and resistivy curve readings as the lowermost Dilwyn
Formation passes into a conformable delta front or marine siltstone and
minor sandstone unit of the Pember Mudstone. The siltstone is brown to
dark brown, homogeneous, soft to moderately soft, non-calcareous,
argillaceous, carbonaceous and sub-fissile in part with minor sandstone
interbeds, quartz, clear to white, coarse-to-very coarse grained,
subangular to subrounded, moderate sphericity, well sorted, slightly

argillaceous and non-carbonaceous with no apparent cement.

Middle Paleocene: Pebble Point Formation (Wangerrip Group); 1201.5 -
1240.5m (39m)

Conformably underlying the Pember Mudstone are the marine sandstones of

the Pebble Point Formation at a depth of 1201.5 metres. The sandstone
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is quartz, clear to white and yellow to brown, with minor iron staining
on the quartz grains, medium-to-coarse grained, subangular to sub-
rounded, moderate sphericity, moderately well sorted, very minor clay/
silt cement, slightly argillaceous, non-carbonaceous, with trace

amounts of pyrite and glauconite.

The Pebble Point Formation is marine in origin and represents a wide-
spread transgression throughout the Otway Basin. Sediments were
deposited in a shallow marine to marginal marine environment. It is
marked by a typical decrease in the gamma ray and resistivity curves

and sonic-transit time log.

A marked unconformity exists between the Middle Paleocene and underly-
ing Cretaceous sedimentary sections. This unconformity is associated
with the commencement of the second phase of rifting in the Otway
Basin. In comparison, the entire Paleocene section is absent in the
Discovery Bay No. 1 well yet most of the Early to Late Paleocene is
represented by sandstones and shales of the Pebble Point Formation

onshore at Portland and in Shell Development's Voluta No. 1 well.

Cretaceous

Maastrichtian: Curdies Formation (Sherbrook Group); 1240.5 - 1549m
(308.5m)

The top of the Upper Cretaceous (Maastrichtian) Curdies Formation was
encountered at 1240.5 metres and is recognized by a subtle change in
lithology, accompanied by increases in gamma ray, resistivity, and
sonic-transit time log curves and a decrease in drilling rate when
compared with the unconformably overlying Pebble Point Formation.
Representing deposition within a fluvial environment, the Curdies
Formation 1is comprised of sandstone with minor interbedded siltstone
and traces of coal. The sandstone is quartz, clear to white and yellow
to brown, with some iron staining, medium-to-very coarse grained,
subangular to subrounded, moderately well sorted, moderate sphericity,
minor clay/silt matrix, argillaceous, non-carbonaceous to carbonaceous
with traces of pyrite and glauconite. The siltstone is light grey to
dark brown, soft to moderately hard, non-calcareous, carbonaceous,

homogeneous, argillaceous and non-fossiliferous.
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The unconformity separating the Curdies Formation from the overlying
Pebble Point Formation has been mapped as the pink seismic horizon

throughout Permit Vic/P14 (Enclosure 5).

Santonian: Paaratte Formation (Sherbrook Group); 1549 - 2682m (1133m):

The boundary between the Paaratte Formation and the conformably overly-
ing Curdies Formation at 1549 metres is based on variations in the
gross lithologies of each unit as definitive changes in electric log
character are not immediately apparent. Because both formations are
time-transgressive, palynological age dating does not define the exact

boundary.

The Paaratte Formation represents deposition in a fluvial to marginal
marine environment and is comprised of interbedded sandstone and silt-
stone with claystone and minor amounts of coal. The siltstone is light
grey to dark grey and dark brown, very soft to firm becoming hard
toward the base of the unit, homogeneous, non-calcareous, carbonaceous,
argillaceous, and non-fossiliferous. The interbedded sandstones are
quartzose, clear, white and yellow to light grey, fine-to-coarse
grained, subangular to rounded, moderate-to-poor sphericity, poorly-to-
moderately well sorted, calcareous and pyrite cementation, with an
argillaceous matrix. Coal stringers are located between 1670 - 1710
metres, 1940 - 1970 metres and coal laminations between 2490 metrs and
2640 metres. Crystalline dolomite occurs as interlaminations through-

out the middle portion of the section.

The uppermost reservoir target for the Bridgewater Bay No. 1 well was
a sandstone unit developed near the base of the Paaratte Formation as
mapped by the brown seismic horizon. Log analysis indicates that the
sandstones between 2632 metres and 2668 metres have log-derived
porosities averaging 17 percent, with a high of 29 percent. Although
no significant hydrocarbons were encountered, the reservoir character-
istics of this interval are described in greater detail in the section

on Porosity and Permeability. The basal Paaratte Formation sandstones

between 2632 metres and 2668 metres have dips between 5° and 12°, with
an average being 6° to the south-southwest. Sedimentary source for

this lower delta plain/marginal marine unit is probably from the north.
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Middle to Early Turonian: Belfast Formation (Sherbrook Group); 2682 -
4102m (1420m):

A sequence of massive siltstone and claystone with minor sandstone
interbeds was encountered at 2682 metres. This interval represents the
Upper Cretaceous Belfast Formation which represents the distal prograd-
ing equivalent of the overlying Paaratte Formation. The boundary
between the Belfast Formation and the conformably overlying Paaratte
Formation is based primarily on a sharp decrease in the resistivity
curve reading and a very subtle upward shift in the sonic-transit time
log. Palynological analyses at this level have been inconclusive as
the microfauna are time transgressive throughout. The age dating of
this unit, therefore, was tentatively assigned as Middle to Early

Turonian.

The siltstonme is light grey to black and occasionally white, hard to
very hard, brittle, blocky to subfissile, non-calcareous, carbonaceous,
homogeneous, and argillaceous. The claystone is cream, light grey to
brown, very soft becoming firm in middle portion of section, massive,
calcareous, argillaceous, sticky and slightly carbonaceous. The inter-
beds of sandstone are quartz, clear to cream and frosted, very fine-to-
fine grained in the upper section becoming coarse to very coarse with
depth, well sorted, low-to-high sphericity, argillaceous matrix, and
uncemented. Calcite plates are in close association with the sandstone
units and are clear and cream to white, fine-to-coarse grained and very
platy. There are glauconite particles throughout which decrease with

depth and trace amounts of coal are observed in the lowermost section.

The very fine-to-fine grained sandstone from the upper part of the
Belfast Formation exhibited poor-to-fair log-derived porosities,
averaging 10 percent, with a high of 19 percent. The log-derived
porosities are believed to have been artificially upgraded by the clay
and glauconite present within and the sandstones are, in fact, choked
by the ever-present clay and silt. Log-derived porosities of zero
percent have been calculated for the coarse grained sandstones in the

lowermost section of the Belfast Formation.
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Cenomanian: Waarre Formation (Sherbrook Group); 4102 - 4200m (98m)

The top of the Cenomanian Waarre Formation was encountered at 4102
metres and is recognized by a decrease in sonic-transit time, an in-
crease in the resistivity log reading and a well-defined 1lithologic
change plus a decrease in drilling rate. Ninety-eight metres of Waarre
Formation sediments were drilled before the Bridgewater Bay No. 1 well
was terminated at a depth of 4200 metres. It is comprised of a
sequence of interbedded sandstone and claystone with minor siltstone.

The sequence was deposited in a low-energy marginal-marine environment.

The sandstone is light grey to white and mottled in part, very fine-to
medium grained, subangular to subrounded, poor-to-well sorted, low-to-
high sphericity, argillaceous, slightly calcareous, moderately abundant
carbonaceous material throughout, silica cementation, kaolinitic
matrix. The claystone is light-to-medium grey and white to cream to
reddish cream, soft, sticky, non-calcareous, cabonaceous specks
throughout. The siltstone is black to grey and occasionally white,
sucrose texture, clay matrix, slightly calcareous, argillaceous,
carbonaceous, micaceous, silt-sized pyrite disseminated throughout,

minor amounts of glauconite and blocky in nature.

The Waarre Formation was the primary reservoir target in the
Bridgewater Bay No. 1 well. No significant hydrocarbons were
encountered below 4102 metres. Reservoir characteristics for the

Waarre Formation are described in the section on Porosity and

Permeability. The results of a dipmeter interpretation of the lower

portion of the Belfast Formation and the Waarre Formation is discussed

in some detail in the Structure section of this report.
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c) Stratigraphy

The stratigraphic section penetrated in Bridgewater Bay No. 1 extends
from Recent to Late Upper Cretaceous (Cenomanian) in age. Anticipated
versus actual stratigraphic sections are shown in Figure 5. Formation

names, lithology and ages are shown in Figure 6.

Formation tops and ages are based upon lithological, micropaleontologi-
cal, and palynological studies of sidewall cores and drili cuttings, in
conjunction with wireline log characteristics and correlation with the
nearby Voluta No. 1 and the Discovery Bay No. 1 wells. Ages for the
Late Tertiary are based on micropaleontological data, whereas those for
the Early Tertiary and Upper Cretaceous are based on palynological

(spore-pollen and dinoflagellate) data.

A major unconformity exists between the Cretaceous and Tertiary sedi-
ments and 1is associated with the commencement of the second phase of
rifting in the Otway Basin. Other major unconformities also exist
where the Mid Eocene is in contact with the underlying Late Paleocene
to Early Eocene. A major hiatus separates the Mid Eocene from the Mid
Miocene wherein the Oligocene and the Late Eocene is absent. Another
major hiatus separates the Mid-to-Late Pliocene sediments from the
underlying Mid-to-Late Miocene section. Much of the Miocene section is
missing at Bridgewater Bay No. 1 due to Late Miocene-to-Early Pliocene
erosion. The remainder of the interval penetrated appears to be
conformable with the possible exception of an angular unconformity
believed to exist at the top of Mid-to-Late Cretaceous Cenomanian-aged

Waarre Formation sediments.

Brief descriptions of the stratigraphic units penetrated in the Bridge-
water Bay No. 1 well are presented below. Detailed lithologic descrip-
tions of cuttings and sidewall cores are given in Appendices 3 and 4
respectively, and also on the Geologist's Litholog (Enclosure 3) and
Geoservices Mud Log (Enclosure 2). A detailed summary of final strati-
graphic interpretations for Bridgewater Bay No. 1 is presented on the

Well Composite Log (Enclosure 4).
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d) Well Correlation

A comparison of the stratigraphy in Bridgewater Bay No. 1 with the

nearby Voluta No. 1 and Discovery Bay No. 1 wells is given in Table 8.
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Voluta No. the Bridoewator Bay Nn 1 locatinn

e Bridgewater No. 1 on,
being located approximately 13.5 kilometres to the northwest. The next
closest offshore well is the Discovery Bay No. 1 located approximately

29 kilometres to the west-northwest.

Although the stratigraphy at Bridgewater Bay No. 1 correlates best with

that of Voluta No. 1, the depths and interval thicknesses of the

a
Discovery Bay No. 1 well are included in
Both the Bridgewater Bay No. 1 and the Voluta No. 1 exhibit the same
gross stratigraphic intervals; however, the thicknesses vary consider-

rérences are:

a) From Voluta No. 1 to Bridgewater Bay No. 1 the relative thicknesses
of post Middle Eoecene formations show thickening of the Whalers
Bluff Formation Equivalent and substantial thinning of the Gambier
Limestone and Nelson Formation. The transgressive nature of the
post-Eocene section should be represented by thinning of the car-
bonates in a northwesterly direction which is the case for the
Gambier Limestone and the Nelson Formation. Pliocene carbonate
deposition within channels cut during the Miocene probably accounts
for the localized anomalous thicknesses of the Whalers Bluff

Formation Equivalent.

b) The Nirranda Group is absent at both the Bridgewater Bay No. 1 and
the Voluta No. 1. However, in comparison, 93 metres of Nirranda

Group sediments are present at the Discovery Bay No. 1 location.

¢) The Dilwyn Formation is 460 metres thick at Voluta No. 1 while at
Bridgewater Bay No. 1 it is only 267 metres thick; a difference of
193 metres. It is postulated that downfaulting contemporaneous
with or prior to Dilwyn Formation deposition formed a graben-like

structure in the Voluta area, which extended slightly in the

48



d)

e)

f)

g)

direction of the Discovery Bay area, accounting for the extra sedi-
ment thickness. At Discovery Bay No. 1 the thickness is 353

metres.

The Pember Mudstone and the Pebble Point Formation are of approxi-

mately equal thickness at the Bridgewater Bay No. 1 and Voluta No.

1 locations. The Pember Mudstone at the Discovery Bay WNo. 1
location is also of approximately equal thickness; however, the
Pebble Point Formation is absent. This absence is probably due to

erosion, rather than to non-deposition of the formation.

Both the Curdies Formation and the Paaratte Formation are consider-
ably thicker (96.5 metres and 517 metres respectively) at
Bridgewater Bay No. 1 than at Voluta No. 1. This increase is
related to the basinward position of Bridgewater Bay No. 1 with

respect to Voluta No. 1.

The Belfast Formation at Voluta No. 1 is 229.5 metres thicker than
its equivalent at Bridgewater Bay No. 1. This is possibly created
by a slightly greater rate of subsidence in the Voluta '"graben"

during Turonian time.

The top Waarre Formation was intersected in a structurally higher
position at Voluta No. 1 as opposed to Bridgewater Bay No. 1,
namely 3779.5 metres compared with 4079 metres. It should be
pointed out that the Voluta No. 1 well experienced borehole
difficulties while drilling the Belfast Formation. The hole was
lost at a depth of 3779 metres. Drilling continued and the lith-
ology of the well did change below 3779.5 metres. However, the
gross character of the ROP curve did not change. Without benefit
of all post-drilling analytical techniques, it becomes questionable
as to whether the Waarre Formation was penetrated prior to total
depth of the well at 3973 metres. The above correlation comment is

therefore tentative at best.
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Table 8

Correlation with Voluta No. 1 and Discovery Bay No. 1

Wells

Bridgewater Bay-1

Voluta-1

Discovery Bay-l

Interval Interval Interval

Depth¥* Thickness Depth* Thickness Depth* Thickness
Whalers Bluff
Formation Equivalent
Seafloor

109m 690m No data No data < 407m >234m
Gambier Limestone

799m 39m <260m > 436m 641m 101m
Nelson Formation

838m 40m 696m 86m 742m 22m
Nirranda Group

Absent Om Absent Om 764m 93m
Dilwyn Formation

878m 267m 782m 460m 857m 353m
Pember Mudstone

1145m 33.5m 1242m 27m 1210m 46m
Pebble Point
Formation

1178.5m 39m 1269m 33m Absent Om
Curdies Formation

1217.5m 308.5m 1302m 212m 1256m 267m
Paaratte Formation

1526m 1133m 1514m 616m 1523m 1230m+
Belfast Formation

2659m 1420m 2130m 1649.5m Not penetrated
Waarre Formation

4079m 98m+ 3779.5m 193.5m Not penetrated
Total Depth

4177m 3973m 2753m

*Subsea Depth to Formation Tops
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e) Seismic Marker Identification

A well velocity survey was conducted at Bridgewater Bay No. 1 on com-
pletion of drilling (Addendum 3). From the well velocity log, the main
seismic reflectors mapped within Permit Vic/Pl4 have been related to
the stratigraphy of Bridgewater Bay No. 1 as shown below, and in

Enclosures 4 and 5.

Seismic Event Two-Way Time (secs) Depth Stratigraphy

Base Tertiary
Green . 0.788 901m Carbonates - Top
(-878m)  Wangerrip Group

Base Pebble
Point Formation

Pink 1.038 1241m ~ Top Sherbrook
(-1218m) Group (Curdies
Formation)
Brown 1.802 2367m Intra-Sherbrook

(-2344m) Formation

Orange (?) 2.792 4102m Top Waarre
(-4079m) Formation

Blue 3.080 4928m Top Otway
-4905m Group?

The depths to the green, pink, brown, and orange seismic mapping hori-
zons are greater than those predicted prior to drilling. The pre-drill
depths of the green and pink mapping horizons were respectively 32
metres and 80 metres shallower than predicted since the initial time—-
to-depth conversion velocities were too slow. The pre-drill depths of
the brown and orange mapping horizons were respectively 1268 metres and
approximately 1800 metres shallower than predicted due to miscorrelat-
ions across faulted zones between the nearby Discovery Bay No. 1 and

Voluta No. 1 wells.

Based on post-drilling data from the Bridgewater Bay No. 1 well, the
orange seismic horizon mapped elsewhere in Permit Vic/Pl4 as the Top
Otway Group? appears to correlate with the top of the Waarre Formation.
A reflection some 288 milliseconds below the Top Waarre Formation hori-
zon is tentatively correlated with the Top Otway Group, and has been
denoted as the blue seismic horizon. 1If this correlation is correct,
the thickness of the Waarre Formation at the Bridgewater Bay No. 1

location is approximately 826 metres.
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f) Structure

The Bridgewater Bay No. 1 well was drilled on a seismically-defined
structural anomaly located in the central portion of Permit Vic/Pl4.
It was comprised of a faulted anticlinal structure mapped as the orange
seismic horizon which was correlated with the top of the Otway Group
(Figure 9). 1In addition, a significant faulted-anticlinal closure was
developed at the Near-Top Belfast Formation level (Figure 8), as mapped

by the brown seismic horizon.

The brown seismic horizon was correlated from the Voluta No. 1, where
it tied to an interbedded sandstone and siltstone section developed
near the top of the Belfast Formation. The basal Paaratte Formation/
Top Belfast Formation contact was intersected 482 metres lower than
predicted. Miscorrelation across faults between nearby Voluta No. 1
accounts for the discrepancy in anticipated versus actual depth to the

brown seismic horizon (Figure 10).

With the lack of any direct well tie, mapping of the Top Otway uncon-
formity/Waarre Formation was based broadly on an obvious deep uncon-
formity horizon on seismic data in the western and eastern portions of
Permit Vic/Pl4. Mapping within the central portion of the permit was
more difficult, there being a choice of mapping either a shallower or
deeper horizon as the top Otway unconformity. The shallower of the two
horizons was mapped and tentatively correlated with the top of the
Otway Group (Figure 9). The depth to this horizon at Bridgewater Bay
No. 1 was estimated to be 3127 meters. It was inferred that Waarre
Formation sediments would unconformably overlie this horizon. The
depth to the top of the Waarre Formation was arbitrarily estimated to

be approximately 3000 meters.

The results of the Bridgewater Bay No. 1 proves that the seismic inter-
pretation within the central portion of Permit Vic/Pl4 is in error, the
horizon mapped as the top of the Otway Group falling within the upper
portion of the Belfast Formation. There is strong evidence to suggest

that this horizon is related to the top of the overpressure which was
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encountered at approximately 3050 meters in the well. The strong

seismic reflection at 2.191 seconds gives the appearance of an uncon-

sm 1n the area
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Mapping of a deeper unconformity horizon now correlated with the top of
the Waarre Formation, as identified in the Bridgewater Bay No. 1 well,
indicates that the structural closure mapped on the shallower horizons
does not persist with depth (Figure 12). Although closure does exist

his deeper horizon the well falls approximately 35 metres downdip

]

~
v

from the culmination.

The Bridgewater Bay No. 1 has shown that angular unconformities are
developed at both the top of the Waarre Formation and the top of the
Otway Group (base of Waarre Formation). 1In a regional sense the orange
seismic mapping horizon, with the exception of the uncorrelated mapped
central area appears to correlate with the top of the Waarre Formation.
Although the deeper angular unconformity was not positively tied to the
top Otway unconformity on the Bridgewater Bay No. 1, it is reasonable
to assume that it represents the top of the Otway Group/Base of Waarre

Formation.

These very critical seismic identifications will allow confident re-

mapping of these important horizons within Permit Vic/Plé4.

Dipmeter results also confirm the angular relationship existing at the
top of the Waarre Formation. Beds overlying the Waarre Formation tend
to dip in a northerly direction while at the initial contact of the
Waarre Formation the beds change decidedly to a northwesterly orien-

tation.
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g) Relevance to the Occurrence of Hydrocarbons

Hydrocarbon Indicators

A continuous record of gas levels was maintained by Geoservices after
drilling out of the 20-inch casing shoe at 493.1]1 metres in Bridgewater
Bay No. 1 (Addendum 2 , Enclosure 2). Total gas determinations and
chromatographic analyses were conducted using a Geoservices gas chroma-
tograph and a Flame Ionization Detector (FID). No hydrocarbon indi-
cations were noted from cuttings or sidewall cores examined. However,
the extreme sensitivity of the Flame Ionization Detector allowed for

the recording of trace amounts of Cy and C3, which otherwise would

have gone undetected using the conventional chromatograph.

From the first sample returns at 513 metres to a depth of 2500 metres,
only trace amounts of C; gas were recorded. The C; content ranged
from a trace amount to a maximum of 4 percent between 2500 metres and
3480 metres with trace amounts of Cy and C3 present. In the
Belfast Formation between 3480 metres and 4050 metres, C; Tranged from
trace amounts to a maximum of 0.12 percent with trace amounts of Cp
and C3 being logged in only a few of the sample intervals. From 4050
metres to 4053 metres a C) maximum of 13 percent was recorded, and
after circulating at 4052 metres, 0.12 percent C, Was also detected.
This C; peak was related to overpressure/lost circulation problems
which were encountered at this zone. Trace amounts of C; were re-

corded from 4055 metres to the total depth of the well at 4200 metres.

Porosity and Permeability

Potential reservoir sections in Bridgewater Bay No. 1 comprise the
Lower Tertiary Dilwyn and Pebble Point Formations and the Mid to Late

Cretaceous Curdies, Paaratte, and Waarre Formations.

The Dilwyn Formation extends from 901 metres to 1168 metres and is com-
prised of lower delta plain sandstones with interbedded claystone and
siltstone. Coal beds ranging in thicknesses of one-to-two metres occur
in the top portion of this section. Sandstone beds range from two-to-
nine metres in thickness with reservoir quality deteriorating with
depth. In the uppermost 49 metres of the Dilwyn Formation the sand-

stones are quartzose, fine-to-medium grained, with occasional coarse
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grains, fair-to-well sorted, uncemented, with argillaceous matrix and
fair visual porosity. 1In the lower 218 metres the sandstone grain size
decreases to very fine-to-fine grained with the argillaceous matrix
content increasing appreciably. Visual porosity is rated as very poor

to poor in both sidewall cores and cuttings.

As a result of not running neutron-density logs through the Dilwyn
Formation, porosity determinations were calculated using the sonic log
and through visual estimates using sidewall cores and cuttings. Sonic
log~-derived porosities yielded unrealistically high values due to the
undercompacted nature of the sediments. The Ro-method of correcting
sonic log-derived porosities for lack of compaction was used for the
upper 49 metres of the Dilwyn Formation sandstones. Corrected
porosities of less than 5 percent were obtained and confirmed that the
lower delta plain sandstones of the Dilwyn Formation at the Bridgewater

Bay No. 1 well cannot be considered a potential reservoir.

The Pebble Point Formation extending from 1201.5 metres to 1240.5
metres is of shallow marine origin. The section is comprised of a
massive, quartzose sandstone, medium-to-very coarse grained, subangular
to subrounded, with poor sorting, moderate sphericity, slightly argil-
laceous and good visual porosity. Porosities were calculated from the
sonic log as again, neutron-density logs were not run over the section.
Sonic log-derived porosities are wusually optimistic and this is
supported in porosities of the Pebble Point Formation ranging from a
low of 26 percent to a high of 44 percent (Figure 13). Even allowing
for this optimistic derivation, the Pebble Point Formation at the
Bridgewater Bay No. 1 location can be rated as having excellent
reservoir potential especially considering the overlying Pember
Mudstone section (1168 metres to 1201.5 metres) consisting of siltstone

which provides a sealing mechanism.
The Curdies Formation was encountered between 1240.5 metres and 1549

metres. The fluvial section 1is dominated by sandstone with minor

interbedded siltstones and occasional trace amounts of coal. Two types
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of sandstone are found in the Curdies Formation at the Bridgewater Bay
No. 1 well: firstly, quartzose, fine-to-medium grained, subangular to
subrounded, moderate sphericity, moderately well sorted with minor
argillaceous matrix and secondly, quartzose, coarse-to-very coarse
grained, round to well rounded, high sphericity, well sorted and
slightly argillaceous. Individual sandstone beds average 8 metres in
thickness. As with the Dilwyn and Pebble Point Formations, neutron-
density logs were not run through the Curdies Formation. Sonic log-
derived porosities ranged from 28.8 percent to 31.5 percent (Figure
13); considered unrealistically high due to the undercompacted nature
of the sediments, the Curdies Formation would be an excellent reservoir
section were it not overlain by the Pebble Point Formation sandstones

and is not sealed.

The Paaratte Formation, encountered between 1549 metres and 2682
metres, is comprised of interbedded sandstone and siltstone with clay-
stone and minor coal. The formation represents deposition in a fluvial
to marginal marine environment., The sands between 1549 metres and 2632
metres range in thickness from one metre to 50 metres with an average
of 5 metres and are quartzose, very fine-to-very coarse grained,
glauconitic in the lower section and show fair-to-moderate visual
porosity. A sandstone/minor siltstone/claystone interval which was
penetrated between 2632 metres and 2682 metres was one of the drilling
objectives of the Bridgewater Bay No. 1 well. The sandstone in this
interval is quartzose, fine-to-very coarse grained, dominantly medium-
to-coarse grained in the upper section, decreasing in grain size down-
hole, with moderate sphericity, poor sorting, glauconite and increasing

clay and silt content with depth.

The CPI log which was run throughout the Paaratte Formation indicates a
porosity high of 29 percent with the average being 17 percent from the
reservoir quality sands between 2632 metres and 2668 metres (Figure

13).
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The Waarre Formation was penetrated between 4102 metres and 4200 metres
(Total Depth) and is comprised of interbedded sandstone and claystone
with minor siltstone. The Waarre Formation sequence was deposited in a
transgressive shallow marine environment. The sandstone is white to
light grey, very fine-to-fine grained, angular to subangular, with fair
sorting, low-to-moderate sphericity, very clayey, very silty, siliceous
cement, carbonaceous, with very poor-to-no visual porosity. The Waarre
Formation was the principal drilling objective of the Bridgewater Bay
No. 1 well. The CPI log indicates log-derived porosities of less than
2 percent throughout the section, Although the complete Waarre

Formation was not penetrated, it must generally be regarded as having

very poor reservoir quality in this portion of the basin.

Source Rock Potential

The hydrocarbon source rock potential of the sedimentary section
encountered in Bridgewater Bay No. 1 was evaluated using geochemical
analysis, palynological and vitrinite reflectance data, incorporated

with borehole temperature measurements.

Organic geochemical analyses were performed by Analabs on thirty-one
50-metre composite drill cuttings samples taken over the interval 2700
- 4200 metres. The samples were analysed for Total Organic Carbon
(TOC) content and by gas chromotography and pyrolysis (Appendix 7).
Additional TOC determinations and pyrolysis, vitrinite reflectance,
kerogen and spore coloration studies were also performed on thirteen
sidewall cores by the Exploration Projects Section of Phillips

Petroleum Company (Appendix 8).

Light hydrocarbons (C; and Cy) gas chromatography (headspace
analysis; Appendix 7) was also performed by Analabs on cuttings samples
over the interval 1130 - 4200 metres. These results indicate that
sands within the interval are lean in gas and condensate, and
consequently are considered to be non-prospective for any significant

quantitites of indigenously-generated hydrocarbons.
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Vitrinite reflectance measurements were performed on four cuttings
samples at 2800 metres, 3200 metres, 3600 metres and 4200 metres. How-
ever, only two samples, those at 2800 metres and 3200 metres, contained
measurable vitrinite. Both of these samples gave marginally mature
reflectances (0.55% Ro and 0.53% Ro) placing these rocks in the initial

stages of petroleum generation.

Tmax-pyrolysis temperatures were obtained from the thirty-one cuttings
samples. The temperatures in the primary zone of interest were found
to be contaminated by a petroleum-based mud additive and were therefore
interpreted as being unreliable below 3600 metres. The temperatures
were found to vary greatly in the overlying uncontaminated section and
were found to be devoid of any recognizable maturity trend. Computer-
generated results illustrate very erratic Sy peaks, for Tmax analy-
sis, which are interpreted to be due to the poor quality organic matter

and reworked inertinite present in those samples.

The samples in the uncontaminated section contained good amounts of
organic matter (>1.0 percent TOC) but the quality appeared to be low
due to the overall low hydrogen index values. This resulted in the
potential yields being lower, giving those sediments an overall poor
hydrocarbon source character. However, the samples at 2700 metres,
2945 metres, and 3050 metres, have moderate hydrogen index values, with

marginal-to-moderate potential yields.

The overall summary presented by Analabs' analysis indicates the sedi-
mentary section penetrated in the Bridgewater Bay No. 1 well to have
experienced a low degree of thermal maturation. This is based on the
marginally mature Ro values obtained at 2800 metres and 3200 metres.
The sediments below 3200 metres are not considered by Analabs to have
obtained levels much higher than marginally to moderately mature. This
would then place them within the top to middle portions of the oil
window. This conclusion 1is not confirmed by maturation results
obtained independently by Phillips Petroleum Company (Figure 14), and

appear to be invalid. Pyrolysis analysis performed by Phillips
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Petroleum Company on thirteen sidewall cores taken from the interval
934 metres to 4175 metres indicates no significant liquid hydrocarbon
source rock potential exists at present maturity levels in the

Bridgewater Bay No. 1 well to total depth.

Gas potential is indicated in the section below approximately 3800
metres in which the vitrinite reflectance values are greater than one
percent (Figure 14). Seven of the thirteen samples are dominated by a
liquid prone amorphous kerogen type, but the lack of fluorescence in
the biue light range along with the low hydrogen index values indicate
poor liquid potential. It is theorized that an oxidizing depositional

environment lowered the kerogen's oil potential.

Total Organic Carbon (TOC) values are rich in nine of the thirteen
samples. The remaining TOC values are rated as fair for the four
deepest samples from 3295 metres to 4175 metres. This lower TOC zone
coincides with maturity levels which are optimum for liquid hydrocarbon

generation or are approaching the thermal dry gas range.

A very high S] pyrolysis peak in a sidewall core extracted from 2733
metres suggests an oil reservoir, migration pathway, or contamination.
The latter suggestion would be the most feasible as Soltex, a petroleum
based additive, was first introduced to the mud system at 884 metres in
order to help alleviate suspected bit balling. The Soltex, although
not added continuously, was introduced at least once more and residual
amounts would have remained in the system throughout drilling. The
production index (8}/S]+Sp) and the thermal extraction index
(s; x 100)/TOC generally indicate both increasing maturity and gen-
eration with increasing depth. These data are found to be consistent
with the TAI (spore color) and vitrinite reflectance maturity infor-
mation. The hydrogen index values are low for all thirteen sidewall
core samples and again are consistent with the visual observations in
which a combination of non-fluorescent, probably oxidized amorphous
algal kerogen and land derived gas-prone kerogens, indicate a low

potential for liquid hydrocarbons.
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Although Analabs would be considered to have a high level of expertise
Australia wide and specifically in the Otway Basin, they were provided
with sample cuttings which in all liklihood had been contaminated by
sloughing. This contamination material would have been the result of
the drilling difficulties encountered in the overpressure zone begin-
ning at 3050 metres. Phillips Petroleum Company, on the other hand,
were provided with sidewall cores taken from 934 metres to 4175 metres.
These sidewall cores would be the most representative samples of the
formation at the sample points. Therefore, the resulting analytical

data would be the most valid.
The present day geothermal gradient at Bridgewater Bay No. 1 is 2.87°C/

100 metres as calculated from the bottom hole temperature at each log-

ging run extrapolated to static equilibrium temperature (Figure 15).
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Summary of Hydrocarbon Significance

1.

a)

b)

c)

The lack of significant accumulations of hydrocarbons at
Bridgewater Bay No. 1 can be attributed to the following par-

ameters:

The Bridgewater Bay No. 1 well penetrated the basal Paaratte For-
mation/Top Belfast Formation contact 482 metres lower than antici-
pated. The mapped faulted anticlinal closure is considered to be
valid because of the conformability of the mid-Sherbrook sediments.
However, the lack of hydrocarbon shows indicates either that the
bounding fault does not seal or that hydrocarbons have not migrated
into the structure. The latter consideration is favoured because
of the demonstrated poor source potential of the underlying Belfast

Formation.

Minor sandstone beds were developed at the top of the Belfast For-
mation. However, they were only one to three metres thick and due
to a very silty and clay choked matrix displayed very poor porosity

development.

In excess of 100 metres of vertical closure was predicted for a
faulted anticlinal structure developed at the Waarre Formation
level. Because of seismic miscorrelation, the sandstones of the
Waarre Formation were penetrated some 1100 metres lower than anti-
cipated and were found to have log-derived porosities of less than
two percent with very possibly nil permeability. Although there
was no structural closure developed at the deeper level, the poor
reservoir quality would have prohibited the trapping of significant

hydrocarbons.

Excellent reservoir sections exist within the Pebble Point, Curdies
and basal Paaratte Formations. The 39 metres of the Pebble Point
Formation contain log-derived sonic porosities of between 26 per-

cent and 44 percent and the overlying Pember Mudstone provides an
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d)

excellent seal for any structural development. The sandstones of
the Curdies Formation display fair-to-excellent visual porosity but
lack top and intra-formational sealing mechanisms. Good quality
reservoir sections are also developed within the sandstones of the
Paaratte Formation, the average porosity of selected sand units
being 17 percent. Log-derived porosities in the sandstones of the

basal Paaratte Formation were between 10 percent and 22 percent.

Good quality source rocks were not penetrated at Bridgewater Bay
No. 1. TOC values varied from fair-to-excellent and the majority
of the samples analyzed were dominated by liquid-prone amorphous
kerogen. However, the combination of low hydrogen index and lack
of fluorescence indicates poor liquid hydrocarbon potential through
oxidation. Thermal maturity, however, was attained below approxi-
mately 3295 metres on the basis of vitrinite reflection analysis of

sidewall core material.

In that thermal maturity was attained below approximately 3295
metres, and a majority of samples analyzed were dominated by
liquid-prone amorphous kerogen, it has been concluded that anerobic
conditions which would enhance the source rock potential of the
Belfast Formation could be developed in a more basinward position.
The potential of Upper Sherbrook and Lower Tertiary plays may
therefore be enhanced basinward of the Bridgewater Bay No. 1

location.

Conversely to item 4 above, Waarre Formation plays are more pros-
pective in a landward direction, where higher energy conditions
would have winnowed out the finer material and where shallower
buried depths would have lessened the effects of sediment com-
paction. The thermal maturity of Otway Group source rocks would

also be less with shallower buried depths landward.
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h)

Contgygbutions to Geological Knowledge

> T
The existence of a major basinwide unconformity between Cretaceous
and Tertiary sediments confirms the premise that this event is
in
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the Otway Basin.

A major unconformity was confirmed to exist during Early-to-Mid
Eocene time. This, too, is related to a basinwide unconformity,

representing final separation of Antarctica from Australia,

The absence of Late Eocene through Oligocene sediments indicates
that the western shoulder of the rift was uplifted and exposed to

erosion while the early phase of separation was in progress.

The Pebble Point Formation, present in both the Bridgewater Bay No.
1 and Voluta No. 1 wells, of approximately the same thickness and
encountered at about the same drill depth, was absent in the
Discovery Bay No. 1. This is possibly due to the existence of a
structural high in the Discovery Bay area during Early Tertiary

time.

The Paaratte Formation, encountered at approximately the same depth
and having approximately equal thicknesses in Bridgewater Bay No. 1
and Discovery Bay No. 1 wells is of the order of half as thick at
the Voluta No. 1 location. This may be related to the fact that
the Discovery Bay and Bridgewater Bay areas are located basinward
of the Voluta area. This 1is supported by the higher net sand

content in the Voluta section.

The Bridgewater Bay No. 1 has confirmed the development of the
Waarre Formation in the Vic/Pl4 portion of the Otway Basin.
Although not fully penetrated in the well, it is possible that the
Waarre Formation may be in the order of 800 metres thick in the
Bridgewater Bay area. This would be the greatest thickness of the

Waarre Formation yet identified in the Otway Basin.
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The Paaratte Formation, encountered at approximately the same depth
and having approximate thicknesses in the Bridgewater Bay No. 1 and
Discovery Bay No. 1 wells is of the order of hals as thick at the
Voluta No. 1 location. This supports the tectonics of the Otway

Basin and the existence of the Voluta High.

The Bridgewater Bay No. 1 well is the only well in the offshore

Otway Basin to confirm penetration of the Waarre Formation.
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DEPARTMENT OF MINERALS AND ENERGY

PRINCES GATE EAST 151 FLINDERS STREET MELBOURNE, VIC. 3000
YeeeHoNt {03) 653 9200 TeLex MINERG AA 36595

Our Ref. KW/ML
Your Ref.

Conlact

Ext 334

20 July 1983

Mr O J Koop

General Manager

Phillips Australian 0il Company
23rd Floor '

City Centre Tower '

44 St George's Terrace

PERTH WA 6001

Dear Sir
DRILLING PROGRAMME - BRIDGEWATER BAY-1

You are advised that under Clause 3 of the Direction as to Drilling
Operations, Designated Authority approval has been granted to your
request to drill the new field wildcat Bridgewater Bay-1 in VIC/P14
using the semi-submersible drilling vessel "Diamond M Epoch".

This approval is subject to the following conditions -

1 A preliminary abandonment programme shall be submitted to
the Designated Authority at least one week prior to the
submission of the detailed (post final logs) abandonment
programme.

2 Where cuttings are recovered, dried cuttings submitted to
the Designated Authority shall each be of a minimum of
100 grams in weight.

3 Phillips Australian 0il Company keeps the Australian
Coastal Surveillance Centre, Canberra, informed of the
movements of the drilling vessel.

Yours faithfully

P

.~ J L LePage
DIRECTOR
OIL & GAS DIVISION



APPENDIX NO. 2

DAILY DRILLING SUMMARY




Date Total Depth (RKB)

Metres
16th Sept., 1983 187m
17th Sept., 1983 381m
18th Sept., 1983 504m

Work Performed

Re-ran Nos. 2 & 4 anchor warps.
Installed a third piggyback
anchor on No. 4 anchor warp.
Pulled in on all anchors until
all windlasses stalled or near-
stalled. (The tension gauges
were out of calibration). Storm
tested anchors for two hours.
Slacked off anchors to working
tension. Ran temporary guide
base and set same on seabed.
RKB to seabed 131m. Water depth
10%m.

Ran in hole with 36 inch bottom
hole assembly. Spudded well at
1730 hours, 15 September, and
drilled from seabed to 187m.
Spotted a 450 barrel high vis-
cosity mud pill and pulled out
of hole. Rigged up and ran 4
joints of 1 inch wall 30 inch
casing with 30 inch wellhead and
permanent guide base.

Landed 30 inch casing with shoe
at 182m. Cemented casing with
1500 sacks of class "G" neat
cement mixed at 15.8 ppg. Made
up 26 inch bottom hole assembly
and ran in hole. Tagged cement
at 180m. Drilled a 26 inch hole
from 180m to 381m .

Drilled a 26 inch hole from 381m
to 504m. Spotted an 850 barrel
high viscosity mud pill and
pulled out of hole. Rigged up
and ran 28 joints of X-56, 133
lbs/ft, 20 inch casing with shoe
joint, cross over joint and
16-3/4 inch wellhead. Landed
casing with shoe at 493m and
wellhead at 128m. Ran in hole
with cementing stinger and stung
into the float collar. Cemented
casing with 1300 sacks of Class
"G" neat cement mixed with 2.5%
prehydrated gel and 0.5% CFR-2
at 12.8 ppg (lead) and 500 sacks
of class "G" neat cement mixed
at 15.8 ppg (tail).



Date

19 Sept., 1983

20 Sept., 1983

21 Sept., 1983

22 Sept., 1983

23 Sept., 1983

24 Sept., 1983

25 Sept., 1983

26 Sept., 1983

Total Depth (RKB)

Metres

504m

504m

504m

504m

504m

504m

504m

585m

Work Performed

Laid down 26 inch bottom hole
assembly and made up 17-1/2 inch
bottom hole assembly. Waited on
weather for 20 hours to run the
blow-out preventor stack.

Waited on weather.

Waited on weather. At 1230 hrs
the No. 2 anchor warp slipped
and the rig moved 6-8m off
location. Pulled in 30m of
chain on the No. 2 windlass but
the anchors still slipped.
Slacked off tension on the stern
anchors to relieve tension on
the bow anchors.

Waited on weather to re-run No.
2 anchor warp and add on ad-
ditional piggyback anchor.

Waited on weather for 20 hours.
Started re-running the No. 2
anchor warp.

M/V '"Maersk Helper" recovered
the No. 2 buoy and second piggy-
back anchor on the No. 2 anchor
warp. Found that the 450 foot
pendant wire between the first
and second piggyback anchor had
parted. M/V '"Maersk Handler"
set a third piggyback anchor on
the No. 3 anchor warp. Waited
on weather for 17 hours.

Waited on weather for two hours.
M/V '"Maersk Helper" re-ran the
No. 2 anchor warp and installed
three piggyback anchors. Storm
tested all anchors to 300,000
1bs and then slacked off to
working tensions. Assembled and
ran the BOP stack. Changed out
a leaking kill hose.

Could not land the BOPs because
the kill hose was too short.
Changed out kill hose with the



Date

26 Sept., 1983
(continued)

27 Sept., 1983

28 Sept., 1983

29 Sept., 1983

30 Sept., 1983

Total Depth (RKB)

Metres

585m

856m

1065m

1120m

1120m

Work Performed

spare rotary hose. Landed BOPs
and tested to PAOC's specifi-
cations. Ran in hole with a

17-1/2 inch bottom hole assembly
and tagged cement at  488m
Drilled and under-reamed cement,
float collar, shoe and formation
to  507m. Conducted leak-off
test. EMW - 12.06 ppg. Drilled
and under-reamed to 585m.

Drilled and under-reamed to
842m. Tripped for bit and
cutter change. Drilled and
under-reamed to 856m.

Drilled and under-reamed to
1065m.

Drilled and under-reamed 17-1/2
inch hole from 1065m to 1120m.
Observed a small flow below the
connector to the wellhead,
possibly a leak between the
blowout preventor stack and the
wellhead, or alternatively
perhaps coming from between the
30 inch and 20 inch strings.

Pulled out of hole. Ran test
plug into wellhead. Pressure-
tested BOP stack - okay. Test
plug stuck 1in wellhead, and
would not come free.

Backed off drillpipe 1 single
above test plug with Schlum-
berger string shot. Ran fishing
string and screwed into fish.
Unable to operate jars due to
vessel heave in rough weather.
Attempted mechanical back-off of
fishing string. Jars unscrewed
at service connection.

Made up new fishing string with
overshot. Waited for weather to
abate. Engaged fish and jarred
test plug free from wellhead.



Date

lst Oct.,

2nd Oct.,

3rd Oct.,

4th Oct.,

5th Oct.,

6th Oct.,

7th Oct.,

8th Oct.,

1983

1983

1983

1983

1983

1983

1983

1983

Total Depth (RKB)

Metres

1295m

1514m

1603m

1603m

1603m

1603m

1603m

1603m

Work Performed

Recovered fish. Drilled and
under-reamed 17-1/2 1inch hole
from 1120 to 1295m.

Drilled and under-reamed from

1295 to 1514m. Trip for new bit
and cutters.

Drilled and under-reamed from
1514 to 1603m. Pulled out of
hole. Schlumberger commenced
running electric logs.

Schlumberger completed running
electric 1logs. Made clean-out
trip.

Commenced running 13-3/8 1inch
casing.

Ran 13-3/8 inch casing to 1594m.
After cementing casing, cement-
ing plugs leaked pressure
through shoe joint.

Set 13-3/8 1inch casing seal
assembly. Pressure-~tested blow-
out preventors. All  okay,
except 13-3/8 inch casing leaked
when pressured against closed
shear rams.

Ran in hole with open-ended
drillpipe and laid cement above
cement plugs 1579 to 1488m

Pressure tested 13-3/8 inch cas-
ing above cement plug; tested
okay. Continued running in hole
with 12-1/4 inch drilling

assembly. Detected 1leak 1in
choke 1line connector at riser
ball joint, Pulled drilling

assembly. Pulled BOP stack and
repaired connector.

Ran and tested BOP stack. Ran
in hole with drilling assembly
and tagged cement plug at 1515m.
Drilled cement, float collar and



Date

8th Oct., 1983

9th Oct., 1983

10th Oct. 1983

11th Oct., 1983

12th Oct., 1983

Total Depth (RKB)

Metres

1603m

1603m

1603m

1603m

1725m (5659 ft)

Work Performed

float shoe to 1594m Washed hole
to 1597m. Conducted leak- off
and injection tests. Made trip
to change drilling assembly for
casing scraper assembly.

Circulated mud and worked casing
scraper. Pulled casing scraper
assembly. Rigged up, ran and
set EZ-SV packer at 1576m.
Pressure tested casing and EZ-SV
packer; casing would not hold
pressure. Rigged up and ran a
RTTS packer to 1574m. Pressure
tested casing above RTTS packer;
tested okay. Pressure tested
casing below RTTS and EZ-SV
packer; would not hold pres-
sure. Retrieved RTTS packer.
Ran in hole with cementing
stinger and squeezed a 300 sack
slurry of 15.8 ppg. Class "G"
cement through EZ-SV packer.

Pulled out cementing string and
ran in hole with flat bottom
mill assembly. Tagged cement at
1537m. Milled cement to 1564m
at which depth metal (casing)
shavings appeared on shakers.
Changed milling assembly to
toothed bit drilling assembly.
Drilled cement to 1576m.

Drilled on EZ-SV packer; could
not make hole. Pulled assembly
and found junk wedged 1in bit.
Changed drilling assembly to

milling assembly. Ran in hole
to 1576m and pressure tested
casing; tested okay. Milled

through EZ-SV packer. Changed
out milling assembly to drilling
assembly. Drilled cement to
1585m and pressure tested cas-
ing; tested okay.

Drilled cement to 1597m (5239
ft), circulated mud and
conducted leak-off tests;



Date

12th Oct.,

(cont.)

13th Oct.,

l14th Oct.,

15th Oct.,

16th Oct.,

17th Oct.,

18th Oct.,

1983

1983

1983

1983

1983

1983

1983

Total Depth (RKB)

Metres

1942m

2112m

2225m

2344m

2434m

2469m

Work Performed

actured at 13.3 ppg eq a
mud weight. Tripped to change
bottom hole assembly. Ran in
hole, displaced to potassium
chloride mud and drilled cement
to 1603m. Drilled formation to
1606m and conducted leak-off
test. Formation fractured at
equivalent mud weight of 13.0
ppg- Drilled 12-1/4 inch hole
to 1679m and circulated bottoms
up for geological analysis.
Drilled to 1725m.

Drilled 12-1/4 inch hole to
1812m. Penetration rate de-
creased to 16 min/metre.
Tripped to change from Smith
FDGH bit to Reed HS51 bit.
Drilled to 1942m

Drilled to 2112m. Overshot
slickline parted while attempt-
ing to recover survey instru-
ment . Pulled out to recover
fish. Tested BOP and well con-
trol equipment.

Ran in hole with new Reed HSS5I1
bit. Washed and reamed to
2112m. Drilled to 2225m. Pene-
tration rate decreased to 39
min/metre. Pulled out of hole
for bit change.

Ran in hole with new Smith FDGH
bit. Washed and reamed to
2225m. Drilled to 2344m. Pene-
tration rate decreased to 28
min/metre. Tripped to change to
new Smith FDGH bit.

Washed and reamed to 2344m.
Drilled to 2434m. Penetration
rate decreased to 39 min/metre.
Tripped to change from Smith
FDGH bit to Smith F2 bit,

Washed and reamed tight spots te
2434m. Drilled to  2469%m.



Date

18th

19th

20th

21st

22nd

23rd

24th

25th

Oct.,

Oct.,

Oct.,

Oct.,

Oct.,

Oct.,

Oct.,

Oct.,

1983

1983

1983

1983

1983

1983

1983

1983

Total Depth (RKB)

Metres

2469m

2469m

2469m

2469m

2469m

2499m

2504m

2694m

Work Performed

Pulled out of hole to change
over to Turbo drilling equip-
ment . Ran in hole with turbo
drill and Diamant Boart MS5 bit.
Reamed tight spots to 1796m.

Reamed tight spots to 1808m.
Made short trip. Reamed tight

spots to 2234m. Made short
trip. Continued reaming tight
spots.

Reamed tight spots to 2335m
with Turbo drill and then made
trip to change over to conven-—
tional BHA. Ran in hole with
Smith SDGH bit and reamed tight
spots to 2243m. Lost 110,000
lbs string weight and pulled out
of hole to discover that drill
string had parted leaving 657m
of equipment in hole. Made up
fishing tools.

Ran in hole with overshot.
Failed to engage fish. Pulled
out. Ran in hole with mill.
Milled on fish.

Milled on fish. Pulled out.
Ran in hole with overshot.
Engaged fish. Pulled out.

Recovered fish and ran in hole
with conventional BHA with new
Smith FDGH bit. Washed and
reamed tight spots to 246%m.
Drilled to 2499m.

Tripped to change over to Turbo
drilling assembly. Ran in hole
with Diamant Boart LX27 HS bit.
Washed and reamed tight spots to
2499m. Drilled to 2504m.

Drilled to 269%m with Turbo
drill at which depth there were
indications that the bit was not
taking all the weight. Pulled
out of hole to inspect bit and
BHA.



Date

26th Oct., 1983

28th Oct.

29th Oct.

30th Oct.

31st Oct.
lst Nov.,

2nd Nov.,

’

[
\¥e]
0
w

1983

1983

1983

1983

1983

1983

3rd Nov., 1983

4th Nov.

1983

Total Depth (RKB)

Metres

2770m

N
o0
o

3022m

3084m

3148m

3276m

3407m

3496m

3548m

3548m

Work Performed

Completed trip to inspect BHA

equipment. Diamant Boart LX27
HS bit showed wear and a ring
oranua wae ~unt in +ha Fara
groove was cut 1in the face

approximately one inch in from
outer circumference. Tested BOP
and well control equipment.
Picked up a Diamax ADS 1II bit
and ran in hole to 2694m.
Drilled to 2770m.

_______ Wl ax ADS 1II bit
from 2770m to 2869m. ©Pulled out
of hole for bit change.

Drilled with Diamax

Picked up Christensen R26 LF
bit. Ran 1in hole to 2647m

and raamad 2672m Ran

+ n
anla ificamcu v LV T &llie nai PNty

hole to 2869m. Turbo drilled to
3022m.

Turbo drilled to 307lm. Pulled
out of hole for bit change.
Picked up Turbo motor section
and Diamax MS5 bit. Ran in hole
to 3071m. Turbo drilled 3084m.

Turbo drilled to 3113m. ©Pulled
out of hole for bit change.
Picked up Diamant Boart LX27 HS
bit and ran in hole to 3113m.
Turbo drilled to 3148m.

Turbo drilled to 3276m.
Turbo drilled to 3407m.

Turbo drilled to 3412m. Made
short trip to pick up Grade E
drill pipe. Drilled to 3496m.

Turbo drilled with a 12-1/4 inch
Stratapax bit from 3497m to
3548m. Pulled out of hole
laying down 118 joints of S$-135
drill pipe. Ran in hole with
BOP test plug.

Tested BOPs to PAOC's specifi-
cations. Ran in hole with Turbo



Date Total Depth (RKB) Work Performed
Metres

4th Nov., 1983 3548m drill and a new Stratapax bit.
(continued) Weather deteriorated. Picked up
hang off tool and hung off in
wellhead with bit inside the
13-3/8 inch casing shoe. Nos.
2 and 3 anchor warps slipped.
Unlatched the upper riser pack-
age and waited on weather for 17
hours.

5th Nov., 1983 3548m Waited on weather for 17-1/2
hours. Workboats started re-
running the Nos. 2 and 3 anchor
warps. Pulled the upper marine
riser package to repair a poss-—
ible leak. Found loose nuts on
adaptor flange between  the
Hydril preventors. Repaired
same.

6th Nov., 1983 3548m Finished re-running the Nos 2
and 3 anchor warps. Re-ran the
upper marine riser package.
Pulled out of hole with hang-off
tool. Ran in hole with test
plug in drill string.

7th Nov., 1983 3548m Tested upper marine riser pack-
age to PAOC's specificationms.
Recovered test plug. Ran in
hole to 3366 metres (11,043 ft).
Reamed to 3380m. Experienced
high torque and drag with little
to no progress. Pulled out of
hole with Turbo drilling
assembly. Picked wup conven-
tional bottom hole assembly and
ran in hole with same.

8th Nov., 1983 3548m Ran in hole to 3358m. Reamed
from 3358 to 3440m. Experienced
high torque and stuck pipe.
Built mud weight to 10.5 ppg.
Pulled out of hole to 13-3/8
inch casing shoe. Performed
leak-off test. EMW of 13.2 ppg.
Finished pulling out of hole.
Picked up new bit and ran in
hole.

10



Date Total Depth (RKB) Work Performed
Metres

9th Nov., 1983 3548m Ran in hole to 3429m. Reamed
from 3429 to 3479m. Experienced
high torque and stuck pipe.
Pulled out of hole to 3353m
to raise mud weight. Weather
deteriorated. Pulled bit into
13-3/8 inch casing shoe and hung
off in wellhead. Waited on
weather for 10-1/2 hours.

10th Nov., 1983 3548m Waited on weather for one hour.
Ran in hole to 3467m and reamed
and re-reamed interval to 3499m.
Increased mud weight from 11.6
ppg to 12.5 ppg while reaming.
Pulled out of hole to change
bit.

11th Nov., 1983 3548m Ran in hole with Reed FP53J bit
to 3491m. Reamed 1interval to
3546m while adding diesel to
counteract high torque problem.
Circulated and conditioned hole
for logging. Pulled out of
hole.

12th Nov., 1983 3548m Rigged up Schlumberger and ran
GR/Sonic/DIL; LDL/CNL/GR and HDT
logs from 3534m to casing shoe.
Shot 51 sidewall cores.

13th Nov., 1983 3548m Recovered 39 sidewall cores, 3
empties, 9 bullets left in hole.
Ran in and conditioned hole to
run casing. Reamed 3540-3546m
interval. Began running 9-5/8
inch 47 PPF casing.

14th Nov., 1983 3548m Ran 9-5/8 inch 47 PPF casing to
3519m. Cemented with an 840
sack 12 ppg lead slurry followed
by a 500 sack 16.8 ppg tail
slurry. Washed wellhead, set
and tested seal assembly.

15th Nov., 1983 3548m Tested BOP equipment. Laid down
12-1/4 inch BHA and made wup
8-1/2 1inch BHA. Waited on
weather 2-1/2 hours. Ran in
hole and drilled cement and shoe

11



Date Total Depth (RKB) Work Performed
Metres

15th Nov., 1983 3548m to 3519m. Attempted to clean
out rat hole but experienced
high torque and annulus pack-off
problems. Raised mud weight to

13 ppsg.

16th Nov., 1983 3549m Reamed and re-reamed 3523-3530m
interval. Experienced high
torque and annulus pack-off
problems. Raised mud weight to
14 ppg and re-reamed same inter-
val; encountered same problem.
Pulled out of hole to change bit
and BHA. Ran in hole with slick
BHA. Reamed from 3529 to 3548m.
Drilled from 3548m to 3549m
while raising mud weight to 14.5

PPg.

17th Nov., 1983 3551m Drilled to 355lm and reamed
3548-3551m interval several
times while raising mud weight
to 14.5 ppg. Conducted a leak-
off test which indicated a 17
ppg EMW leak-off. Reamed 3548-
355lm interval while raising mud
weight to 14.9 ppg. Pulled bit
to find bit worn out and a tong
die wedged in frog. Ran in hole
with new bit and junk sub.
Waited on weather to take on
barite. Lost 6-1/2 hours to
weather.

18th Nov., 1983 3558m Drilled to 3555m and worked
junk sub to prepare hole for
Turbo drilling. Pulled out.
Recovered pieces of Schlumberger
sidewall coring bullets in junk
sub. Ran 8-1/2 inch Stratapax
bit and Turbo drilling assembly
and then drilled to 3558m to
check turbodrill. Waited on
weather to take on barite. Lost
seven hours to weather.

19th Nov., 1983 3612m Drilled to 3612m with Turbo

assembly. Lost 2-1/2 hours to
weather.

12



Date Total Depth (RKB) Work Per formed
Metres

20th Nov., 1983 3628m Drilled to 3618m with Turbo
assembly. Tripped to change to
conventional drilling assembly
and drilled to 3628m Too slow.

21st Nov., 1983 3666m Tripped to change to Turbo as-
sembly and drilled to 3666m.
Lost 1-1/2 hours to repairs and
maintenance.

22nd Nov., 1983 3734m Drilled to 3734m with Turbo
assembly. Lost half hour to
repairs.

23rd Nov., 1983 3807m Drilled to 3807m with Turbo
assembly. Lost half hour to
repairs.

24th Nov., 1983 3880m Drilled a 12-1/4 inch hole with
the Turbo assembly from 3807m to
3880m with 15.0 ppg mud.

25th Nov., 1983 3951m Drilled from 3880m to 3951m.
Experienced occasional increased
torque.

26th Nov., 1983 4041m Drilled from 395lm to 404lm
Experienced occasional increased
torque.

27th Nov., 1983 4055m Drilled to 4052m raising mud
weight to 15.5 ppg. Started
getting partial loss of
circulation. Cut mud weight to
15.2 ppg and obtained full
returns. Drilled to 4055m.
Circulated out gas cut mud.
Started pulling out of hole.
Hole did not take correct fill.
Ran in hole and circulated out
gas cut mud. Pulled out of hole
for bit change. Hole took
correct fill.

28th Nov., 1983 4081m Tested BOPs to PAOC's specifi-
cations. Picked up Diamant
Boart LX-16 diamond bit and made
up same on Turbo assembly. Ran
in hole to 4056m. No hole
problems. Drilled to 408lm.

13



Date Total Depth (RKB) Work Performed
Metres

29th Nov., 1983 4101m Drilled to 410lm. Started get-
ting partial loss of returns.
Reduced mud weight to 15.0 ppg.
Obtained increased returns.
Opened circulating sub on Turbo
assembly and pumped a 50 bbl
mica pill. ©Pulled out of hole
to 3753m. Hole did not take
correct fill. Performed leak—-
off test to ensure fluid passage
around Turbo assembly. EMW 15.6
PP8. Pulled out of hole to
9-5/8 inch casing shoe at 3519m.
Hole did not take correct fill,.

30th Nov., 1983 4112m Performed leak-off test at cas-
ing shoe to ensure fluid passage
around Turbo assembly. EMW 15.8
ppg. Pulled out of hole. Hole
took correct fill. Ran in hole
with a Smith F2 bit. Hole took
correct fill. Ran in hole with
a Smith F2 bit (with no nozzles)
on a slick bottom hole assembly.
Tagged bottom at 4101m. Hole
condition good. Drilled to
4112m.

lst Dec., 1983 4157m Drilled from 4112 to 4185m
with an 8-1/2 inch conventional
unstabilized bottom hole as-
sembly.

2nd Dec., 1983 4193m Drilled from 4185 to 4193m.

3rd Dec., 1983 4200m Drilled from 4193 to 4200m.
Circulated. Made a short trip
to the 9-5/8 inch casing shoe.
Ran in hole. Circulated.
Dropped Totco and measured out
of hole. Totco indicated 5.25°
deviation. Rigged up
Schlumberger and started log-
ging. Run No. 1 DIL /SLS/GR
from 4200m to 3519m.

4th Dec., 1983 4200m Logged. Finished run No. 1,
DIL/SLS/GR, 4200 to  3519m.
Run No. 2, LDL/CNL/GR, 41l4m to
3580m. Run No. 3 HDT, 4183m to

14



Date Total Depth (RKB) Work Performed
Metres

4200m 3850m (13,724 to 12,631 ft).
Re-run Run No. 2 LDL/CNL/GR,
4185m to 3900m. Run No. 4,
Velocity survey, 4180m to 300m.
Run No. 5, 30 selective sidewall

cores.

~ rr
¢]
o
=]
~ M

5th Dec., 1983 3446m Finished Run No. 5, 30 selective
sidewall cores from 4175m to
3650m. Had 22 recoveries, 1
empty and 7 bullets lost in
hole. Set Halliburton EZ-SV
packer at 3488m. Tested same to
2000 psi. Okay. Ran in hole
with EZ-SV stinger on drill
pipe. Squeezed 16 barrels of
class "G" neat cement mixed at
15.8 ppg below EZ-SV packer.
Placed 10 barrels of class "G"
neat cement on top of EZ-SV
packer. Pulled 5 stands and a
single of drill pipe. Reverse-
circulated. Attempted to test
plug down drill pipe. No suc-
cess. Drill pipe plugged.
Tested plug to 2000 psi down
annulus for 10 minutes. Okay.
Pulled out of hole laying down
drill pipe. Pipe full of mud.

6th Dec., 1983 215m Finished pulling out of hole.
32 singles were full of cement.
(During reverse cirulation down
the kill 1line, the choke line
was accidentally open, therefore
only allowing circulation in the
wellhead area). Pulled wear
bushing and seal assembly. Cut
9-5/8 inch casing at 207m and
recovered same (1 stub, 6 joints
and hanger pup, 78m. Ran in
hole with open-ended drill pipe
to 253m. Mixed and pumped 163
sacks of class "G" neat cement
at 15.8 ppg. Estimated top of
cement at 162m. Displaced BOP
stack and riser with seawater.

7th Dec., 1983 169m Displaced BOP stack and riser
with seawater. Hole was taking

15
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7th Dec. 1983
(continued)

8th Dec., 1983

Total Depth (RKB)

Metres

169m

169m

16

Work Performed

fluid. Checked stack and riser

for leak with ROV. Okay. Ran
in hole with open-ended drill-
pipe. Tagged cement at 215
metres. Pulled out of hole to
207 metres. Mixed and pumped
109 sacks of <class '"G" neat
cement at 15.8 ppg. Estimated

top of cement at 162 metres.

Di:11ad At aof
Cuc Ol

.
Pulled Tunecetion—

hnala

tested stack. Ran in hole with
8-1/2 1inch bit on drillpipe.
Tagged cement at 169 metres.
Set 15,000 pounds on plug.
Pulled out of hole. Pulled BOP
stack and riser. Ran in hole
with 16-3/4 inch FMC manual

wellhead running tool and ICI
explosive. Could not engage
running tool into wellhead.
Pulled out of hole and laid down
FMC  running tool and ICI

explosive.

Anchor Report

Work boats recovered the 2
piggyback anchors on the No. 5
anchor warp, the 3 piggyback
anchors on the No. 4 anchor warp
and the 2 piggyback anchors on
the No. 6 anchor warp. Re-
covered 7 piggyback anchors in
all.

Lowered the ICI explosive charge
on the rig sand line to 8m below
the wellhead. Moved the rig 189
to 192m off location. Detonated

charge. Moved rig back over
location. Ran in hole with
13-3/8 inch casing spear.

Retrieved 8m (26 ft) of 13-3/8
inch casing and 16-3/4 1inch
wellhead with 20 inch casing
stub. Ran in hole with ICI
explosive charge to 3m (10 ft)
below FMC 30 inch manual running
tool. Engaged tool. Detonated
charge. Mis-fire. Pulled out



Date Total Depth (RKB) Work Performed
Metres

8th Dec., 1983 16%9m of hole and redressed charge.
Ran in hole and engaged FMC
tool. Detonated charge. Pulled
out of hole. Recovered floating
guide base, permanent guide
frame and 30 inch wellhead
housing with stub. Dismantled
same. (Waited five hours on
weather to pull anchors.)

\D
[¢)
w
rd
[4¢d
feg

Waited 2.5 hours on weather

Recovered all remaining piggy-
back anchors and associated pen-
dant wires. (Lost 10 hours due
to workboats in rest period).
Total of 17 piggyback anchors
were recovered.

10th Dec., 1983 P &A Pulled all main anchors.
Bolstered anchor No. 7 (last
anchor) at 1800 hours, 9th
December, 1983. Released rig.

17



APPENDIX NO. 3
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APPENDIX NO. 3

Detailed Cuttings Descriptions

All depths quoted are below Rotary Kelly Bushing, which is 23 metres
above Mean Sea Level and 132 metres above the sea bed. Drill cuttings
were collected at 10 metre intervals from 504.5 metres to 1505 metres
and then at 5 metre intervals from 1505 metres to the Total Depth of
4200 metres. No samples were collected while drilling top tole down
to the 20" casing depth, with all returns circulating to the sea

floor.

504.5-540m : Calcarenite, white to cream, blocky, massive, mod-
erately hard to hard, sand size calcite grains, cal-
cite cement, no fossils, with Dolomite, minor amount

only, grey to black, hard.

540-587m : Calcarenite, white to cream, blocky, massive, mod-
erately hard to hard, sand size calcite grains, cal-
cite cement, no fossils, overall grain size decreas-
ing and clay content increasing toward base of inter-
val. Sample includes minor amount of Dolomite, grey

to black, very hard.

587-820m : Calcilutite, white to cream and greyish, massive,
silt to clay size grains, soft to very soft, clay
matrix, calcite cement with Dolomite, grey to black,
very hard, minor amount but throughout interval,
foraminifera throughout. Samples becoming clay
choked and stickier toward base of interval (almost

marly).

820-843m : Calcarenite, white to cream, massive, blocky, sand

size calcite grains, moderately hard to hard, calcite



cement, foraminifera common throughout; Dolomite,

green grey, hard, apparent stringer; Shale, black,
fissile, increases toward base of interval; and

chert, brown grey, very angular, splintery.

843-860m : Calcarenite, white to cream, and grey, massive,
blocky, sand size grains, moderately hard to hard,
calcite cement, foraminifera, Dolomite, green grey,
hard, Chert, brown grey, angular, splintery, Shale,
black, fissile.

860-898m : Claystone, grey, clay size material, very soft, cal-
cite cement, abundant spicules, with Dolomite, grey
to black, hard, sugary texture, Chert, brown grey,
angular, sample contains glauconite stained calcite

grains, very minor Shale, black, fissile.

898-905m : Claystone, grey clay size material, very soft, cal-
cite cement, decrease in micro-organisms, with Dolo-
mite, grey to black, hard, sugary texture, Chert,
brown grey, angular, decreasing in abundance, Shale,
black, fissile, also decreasing at 898m. Sandstone,
quartz, white to brown and clear, medium to coarse
grained, subangular to rounded, fair sorting, calcite
cement, pyrite and mica present, calcite grains have

glauconite staining.

905-935m : Claystone/Siltstone, cream to grey, clay/silt size

material, very soft, calcite cement, foraminifera and
spicules common, Dolomite, grey to black, hard,
sugary texture, Sandstone, quartz, white to brown and
clear, medium to coarse grained, subangular to
rounded, fair sorting, calcite cement, pyrite and
mica present, some calcite grains are glauconite
stained. Coal, black, hard, about 40% of sample at

915m and decreases at base of interval.



935-1010m

1010-1120m :

1120-1139m :

1139-1178m :

1178-1202m :

1202-1260m

Sandstone, quartz, white to brown and clear, medium
to coarse grained, subangular to rounded, fair
sorting, calcite cement, pyrite and mica present,
Claystone, cream to grey, clay size material, very

soft, no visible porosity.

Sandstone, quartz, white to brown and clear, medium
to coarse grained, subangular to rounded, fair sort-
ing, calcite cement, pyrite and mica present. Clay-
stone, cream to grey, clay size material, very soft,

no visible porosity in sandstone.

Claystone, dark brown, homogeneous, plastic, very
sticky, very soft, non-calcareous, slightly carbon-
aceous, silty in part, non-fossiliferous, no

fluorescence.

Claystone, dark brown, homogeneous, plastic, very
sticky, very soft, non-calcareous, carbonaceous, non-
fossiliferous, no fluorescence, with  interbedded
Siltstone, brown to dark brown, homogeneous, soft to
moderately soft, non calcareous, argillaceous,

carbonaceous, non fissile, no fluorescence.

Siltstone, brown to dark brown, homogenous, soft to
moderately soft, non-calcareous, argillaceous, car-
bonaceous, sub-fissile in part, no fluorescence, with
minor interbedded Sandstone, quartz, clear to white,
coarse to very coarse grained, subangular to sub-
rounded, moderate sphericity, well sorted, slightly
argillaceous, no apparent cement, non carbonaceous,

fair to good visual porosity, no fluorescence.

Sandstone, quartz, clear white, yellow to brown, with

minor 1iron staining on grains, medium to coarse



1260-1275m

1275-1305m

1305-1410m

grained, subangular to subrounded, moderate spheri-

(e}

ty, moderately well

rr

clawv/ail
ciay/s1i1

1 y
cement, slightly argillaceous, non-carbonaceous, with

traces of pyrite and rare glauconite, fair to good

visual porosity, no fluorescence, with very minor

Siltstone, dark grey to brown, moderately soft to

soft, non-calcareous, argillaceous, homogeneous, non

fossiliferous.

Sandstone, quartz, clear to white, yellow to brown,

with minor iron staining on grains, medium to coarse
grained, subangular to subrounded, moderate spheri-
city, moderately well sorted, very minor clay/silt
matrix, argillaceous in part, non-carbonaceous, with
traces of pyrite, fair to good visual porosity, no
fluorescence, with minor Siltstone, dark grey to
brown, moderately hard to soft, non calcareous,

argillaceous, homogeneous, non fossiliferous.

Sandstone, quartz, clear to white to yellow, coarse

grained, subangular to subrounded, moderate spheri-
city, moderately well sorted, minor clay matrix,
carbonaceous in part with traces of pyrite, fair to

good visual porosity, no fluorescence with minor

Sandstone, quartz, clear to white, fine to medium

grained, subangular to subrounded, moderate spheri-
city, good sorting, carbonate cement, minor clay

matrix, poor visual porosity, no fluorescence.

Sandstone, quartz, clear to white to yellow, coarse

to very coarse grained, subangular to subrounded,
moderate sphericity, moderately well sorted, minor
argillaceous matrix, with trace of pyrite, fair to
good visual porosity, no fluorescence, with minor

interbedded Sandstone, quartz, clear to white, fine



1410-1449m

1449-1514m

1514-1553m

to medium grained, subangular to subrounded, moderate
sphericity, good sorting, carbonate cement, minor
clay matrix, poor visual porosity, no fluorescence,
and minor interbedded Siltstone, brown to grey,
moderately hard to moderately soft, non fossilif-

erous, non calcareous, homogeneous, no fluorescence.

Sandstone, quartz, clear to white to yellow, coarse

to very coarse grained, subangular to subrounded,
moderate sphericity, moderately well sorted, minor
argillaceous matrix, with common to traces of pyrite,
fair to good visual porosity, no fluorescence, with
minor interbedded Sandstone, quartz, white to clear,
light grey, fine to medium grained, subangular to
subrounded, moderate sphericity, moderate sorting,
siliceous and carbonate cement, minor argillaceous
matrix, traces of pyrite, poor visual porosity, no

fluorescence.

Sandstone, quartz, clear to white to yellow, coarse
to very coarse grained, subangular to subrounded,
moderate sphericity, moderately well sorted, minor
argillaceous matrix, with common to traces of pyrite

and glauconite, no fluorescence, with interbedded

Sandstone, quartz, white to clear to light grey, fine

to medium grained, subangular to subrounded, moderate
sphericity, moderately well sorted, minor argill-
aceous matrix, no fluorescence, with interbedded
Siltstone, light grey, firm to hard, carbonaceous,
homogeneous, non-calcareous, slightly plastic,

argillaceous, no fluorescence.

Sandstone, quartz, clear to white to yellow, coarse
to very coarse grained, subangular to subrounded,

moderate sphericity, moderately well sorted, minor



1553-1603m

1603-1644m

moderate sphericity, moderately well sorted, minor
argillaceous matrix with common to traces of pyrite,
fair to good visual porosity, no fluorescence, with
interbedded Sandstone, quartz, white to clear to
light grey, fine to medium grained, subangular to
subrounded, moderate sphericity, moderate sorting,
siliceous and carbonate and pyrite cement, minor
argillaceous matrix, poor visual porosity, no fluor-

escence.

Siltstone: 1light grey to dark grey, soft, homogen-

ous, non-calcareous, non fossiliferous, carbonaceous,
argillaceous, plastic, with traces of pyrite, no
fluorescence, with interbedded Sandstone, quartz,
coarse to very coarse grained, subangular to sub-
rounded, moderate sphericity, moderate sorting,
siliceous and carbonate and pyritic cement, minor

argillaceous matrix, poor visual porosity with minor

Sandstone, quartz, clear to white to yellow, fine to

medium grained, subangular to subrounded, moderate
sphericity, moderate sorting, siliceous and carbonate
and pyritic cement, minor argillaceous matrix, poor

visual porosity, no fluorescence.

Siltstone, light grey to dark grey, soft, homogen-

eous, non-calcareous, carbonaceous, argillaceous,
plastic, with interbedded Sandstone, quartz, clear to
white to yellow, coarse to very coarse grained sub-
angular to subrounded, moderate sphericity, moder-
ately well sorted, minor argillaceous matrix with
traces of pyrite, fair to good visual porosity with
interbedded Sandstone, quartz, white to <clear to
light grey, fine grained, subangular to subrounded,
moderate sphericity, moderate sorting, common calcar-
eous cement, minor argillaceous matrix with traces of

pyrite, poor visual porosity, no fluorescence.



1644-1670m

1670-1710m

1710-1936m

1936-2123m

Siltstone, dark grey, argillaceous, soft, non-calcar-

eous, carbonaceous, homogeneous with interbedded

Siltstone, light grey, argillaceous, moderately hard

to moderately soft, non-calcareous, carbonaceous in

part, homogeneous.

Siltstone, dark grey, argillaceous, soft, non-calcar-

eous, carbonaceous, homogeneous, with interbedded

Sandstone, quartz, white to light grey to clear, fine

grained, subangular to subrounded, moderate spheri-
city, moderate sorting, common calcareous (calcite
dolomite cement), minor argillaceous matrix, traces
of pyrite, poor visual porosity with minor inter-
bedded Sandstone, quartz, white to light grey, loose
grains, medium to very coarse grained, angular to
subrounded, poor sphericity, poorly sorted, traces of
pyrite, no apparent matrix or cement with traces

Coal, black, hard, blocky, fissile.

Siltstone, light grey to brown, soft to firm, mas-
sive, argillaceous, non-calcareous, carbonaceous in
part, with thinly interbedded Sandstone, quartz,
white to light grey, very fine to medium grained,
subangular to rounded, moderately well sorted, moder-
ate sphericity, dolomitic and siliceous cement
locally, minor argillaceous matrix, minor pyrite,
poor visual porosity and coarse to very coarse
grained Sandstone, well sorted, no cement or matrix
apparent, good visual porosity, with minor Coal in

upper portions of the interval.

Sandstone, quartz, white to light grey, very fine to
fine grained, subangular to rounded, moderately well
sorted, moderate sphericity, dolomitic and siliceous

cement, minor argillaceous matrix, minor pyrite, poor



2123-2175m

2175-2382m

2382-2415m

2415-2465m

visual porosity with Sandstone, coarse to very
coarse, well sorted, no cement or matrix apparent,
good visual porosity, with interbedded Siltstone,
dark grey to dark brown, massive, very soft, very
argillaceous, sandy in part, non-calcareous, carbon-
aceous with thin Coals occurring between 1940 and

1970 metres.

Sandstone, quartz, white to light grey, fine to very
coarse, subangular to subrounded, poorly sorted, non-
calcareous, minor clay matrix, locally dolomitic and
silica cemented, pyritic, minor glauconite with minor
Siltstone, dark grey, very soft, argillaceous, non-

calcareous.

Siltstone, dark grey, massive, soft to firm, very
argillaceous, sandy in part, non-calcareous, carbon-
aceous, with coaly laminations, pyritic, micaceous
with interbedded Sandstone, white to light grey, fine
to coarse grained, poorly sorted, dolomitic and
silica cemented 1locally, poor visual porosity, and
Claystone, light grey to brown, massive, non-calcar-
eous, silty to sandy, very soft to unconsolidated,
very sticky, Dolomite stringers occur throughout the

interval, beige to tan, crystalline, hard.

Sandstone, white to light grey, fine to very coarse
grained, subangular to subrounded, moderate spheri-
city, poorly sorted, locally dolomite cement,
micaceous, pyritic, glauconite rare to abundant, poor

visual porosity, no fluorescence.

Siltstone, light to dark grey, very soft to firm,
very argillaceous, sandy, micaceous, carbonaceous,

non-calcareous, pyritic in part with local Dolomite,



2465-2490m

2490-2640

2640-2720m

beige, crystalline, hard, and interbedded Claystone,
brown to grey, very soft to unconsolidated, sticky,
non-calcareous, finely micaceous, and minor thinly
interbedded Sandstone, white to light grey, fime to

coarse, poorly sorted, poor visual porosity.

Sandstone, white to light grey, fine to coarse
grained, subangular to subrounded, poorly sorted,
locally calcareous, argillaceous matrix, minor local
glauconite with minor interbedded Siltstone, grey,
firm, slightly calcareous, sandy, glauconitic, and
Claystone, brown, soft, sandy with local Dolomite,

beige, crystalline, hard, sandy, glauconitic.

Siltstone, light to dark grey, firm to hard, blocky,
subfissile in part, slightly calcareous to dolomitic,
sandy, carbonaceous with 1local coaly laminations,
very clayey, with interbedded Claystone, brown to
dark grey, massive, very soft, sticky, slightly
calcareous, carbonaceous, silty, finely micaceous,
and Siltstone, white to dark grey, massive, very soft
to unconsolidated, very argillaceous, non-calcareous,
locally kaolinitic, slightly carbonaceous, trace
glauconite, with Dolomite occurring as thin
interlaminations, beige to tan, hard, crystalline,

sandy, with minor glauconite.

Claystone, dark grey, massive, very soft, sticky,
non-calcareous to slightly calcareous (Dolomitic ?),
carbonaceous, with locally interbedded Sandstone,
white to 1light grey, generally occurring as loose
quartz grains in samples due to bit destroying
cementation, preserved lithic chips indicate fine to
very coarse grains, occasionally granular to pebbly,

angular to subrounded, moderate sphericity, poorly



2720-2760m

2760-2850m

2850-2920m

2920-2934m

2934-2952m

2952-3075m

.o

sorted, calcareous cement, micaceous, pyrite both
intragranular and dessiminated within quartz grains,
locally glauconitic and Siltstone, white to dark
grey, very soft to locally hard, non-calcareous,

locally carbonaceous.

Siltstone, black, hard, blocky to dominantly sub-
fissile, brittle, non-calcareous, siliceous (?),
argillaceous, carbonaceous and interbedded Claystone,

brown, very soft, calcareous, sandy, silty, sticky.

Siltstone, black, hard, brittle, commonly subfissile
to occasionally blocky, non-calcareous, very argil-
laceous, carbonaceous, with minor interbedded Clay-
stone, brown, very soft, calcareous, argillaceous,
sticky with very minor Sandstone, quartz, grey, very
fine to fine grained, calcareous cement in part,

argillaceous matrix, with traces glauconite.

Siltstone, grey, soft to firm, non calcareous, car-
bonaceous, very argillaceous in part, with rare
glauconite, with interbedded Siltstone, black, hard,
brittle, subfissile, non-calcareous, argillaceous,

carbonaceous, homogeneous.

Claystone, brown, very soft, slightly calcareous,
homogeneous, non-carbonaceous, with minor interbedded
Siltstone, black, hard, subfissile, non-calcareous,

carbonaceous, homogeneous, argillaceous.

Siltstone, black, hard, subfissile, non-calcareous,

carbonaceous, homogeneous, argillaceous.

Claystone, brown, very soft, massive, non-calcareous,

sticky, non-carbonaceous, homogeneous, slightly

10



3075-3113m

3113-3410m

3410-3485m

3485-3504m

.

.o

argillaceous, with interbedded Siltstone, black,
hard, subfissile, non-calcareous, carbonaceous, hom-
ogeneous, argillaceous, with rare glauconite, and
very minor Siltstone, white to light grey, soft,
massive, non-calcareous, non-carbonaceous, homogen-

eous, argillaceous.

Siltstone, black, hard to very hard, brittle, carbon-

aceous, non-calcareous, argillaceous, subfissile.

Claystone, light grey to grey, very soft, massive,
homogeneous, sticky, argillaceous, non-calcareous,
slightly carbonaceous, with microlaminations of black
carbonaceous matter, and rare to trace pyrite and
glauconite, with rare interbedded Siltstone, black,
hard, argillaceous, carbonaceous, massive, non-cal-

careous, homogeneous.

Claystone, light grey to grey, very soft, massive,
homogenous, sticky, argillaceous, non-calcareous,
slightly carbonaceous,traces of glauconite and rare
pyrite, with interbedded Siltstone, dark grey, hard,
blocky, argillaceous, carbonaceous in part, non-cal-
careous, homogeneous, massive with Siltstone, black,
hard, brittle, subfissile, carbonaceous, non-calcar-
eous, homogeneous with traces of calcareous fossil-

iferous material.

Interbedded Siltstone and Claystone. Siltstone, two

types: 1) black, hard, subfissile to blocky, hom-
ogeneous, very carbonaceous, occasional micro fos-
sils. 2) medium grey, hard, abundant carbonaceous
specks, sucrose texture, both are non-calcareous and
Claystone, light to medium grey, soft, non-calcar-

eous, occasional carbonaceous specks.

11



3485-3504m

3504-3549m

3549-3630m

3630-3800m

Interbedded Siltstone and Claystone. Siltstone, two

types: 1) black, hard, subfissile to blocky,
homogeneous, very carbonaceous, occasional micro
fossils. 2) medium grey, hard, abundant
carbonaceous specks, sucrose texture, both are
non-calcareous and Claystone, light to medium grey,
soft, non—-calcareous, occasional carbonaceous

specks.
No samples circulated to surface.

Interbedded Siltstone and Claystone

Siltstone, black, very hard, well sorted, dolomite
cemented (?), very carbonaceous, non-fossiliferous,
minor mica, slightly argillaceous, subfissile to
fissile to blocky in nature, very poor visual
porosity.

Siltstone, light to medium to dark grey, firm to
hard, well to moderately well sorted, non to slightly
calcareous, argillaceous, carbonaceous, minor to
abundant very fine grained quartz grains, minor mica,
very poor visual porosity.

Claystone, light to dark grey, soft, sticky, moderate
to well sorted, slightly calcareous, non-fossilif-
erous, carbonaceous specks in part, minor to abundant
silt and very fine grained quartz grains.

Quartz Grains, clear, medium to coarse grained, mod-

erate sorting, low to high sphericity, subangular to
well rounded, uncemented.

Feldspar Grains, cream to yellow and red, firm to

soft, medium to <coarse grained, subangular, low
sphericity, moderate sorting, partially altered to

kaolinite.

Siltstone, black to dark grey, hard to very hard,

silt sized quartz grains, well sorted, dolomite

12



3800-3850m

3850-4023m

cement, very carbonaceous, non-fossiliferous,
slightly micaceous, subfissile to blocky, very poor
visual porosity.

Claystone, light to dark grey, soft, sticky, moderate
to well sorted, slightly calcareous, carbonaceous
specks, non-fossiliferous, minor to abundant silt and
very fine grained quartz in matrix. Claystone, light
grey to cream, soft to firm, well sorted, calcareous,
carbonaceous specks, silt and very fine grained

quartz common in matrix, Quartz Grains, clear, medium

to coarse with occasional very coarse grains, well
sorted, angular to well rounded, 1low to high

sphericity, uncemented.

Siltstone, black to dark grey, hard to very hard,
silt sized quartz grains, well sorted, dolomite
cement, very carbonaceous, non-fossiliferous, minor
mica, subfissile to blocky nature, very poor visual
porosity, Claystone, light grey, soft, moderate sort-
ing, slightly calcareous, carbonaceous specks, minor

to abundant silt, Quartz Grains, clear, medium to

coarse with occasional very coarse quartz grains,
well sorted, angular to well rounded, low to high

sphericity, uncemented, Calcite Plates, white, firm

to hard, medium to coarse grained.

Siltstone, black to dark grey to light grey, hard to
very hard, silt sized quartz grains, well sorted,
dolomite cement, very carbonaceous, non-fossilif-
erous, minor mica disseminated very fine to silt
sized pyrite, slightly argillaceous, subfissile to
blocky nature, very poor visual porosity, Claystone,
light grey to cream, soft, sticky, moderate sorting,
slightly calcareous, carbonaceous specks, silty to

very silty in part, Quartz Grains, clear to frosted

13



4023-4052m

4052-4100m

to cream, medium to coarse grained, angular to well

rounded, low to high sphericity, uncemented, Calcite

Plates. Clear to cream to white, fine to coarse

grained, platy.

Siltstone, black to dark grey to light grey, hard to

very hard, silt sized quartz grains, well sorted,
dolomite cement, very carbonaceous, non-fossilif-
erous, minor mica, disseminated very fine to silt
sized pyrite, slightly argillaceous, subfissile to
blocky nature, very poor visual porosity, Claystone,
light grey to cream, soft, sticky, moderate sorting,
slightly calcareous, carbonaceous specks, silty to

very silty in part.

Siltstone, grey, hard to firm, silt sized quartz

grains, moderately to poorly sorted, slightly calcar-
oeous, argillaceous, carbonaceous, very fine grained
quartz particles in matrix, silt sized disseminated
pyrite, micaceous, blocky nature, poor visual poros-
ity, Siltstone, black, hard, silt sized quartz
grains, well sorted, dolomite cement, very carbon-
aceous, blocky nature, abundant disseminated silt
sized pyrite, very poor visual porosity, Claystone,
light grey to cream, soft, sticky, moderate sorting,
slightly calcareous, silty in part, some very fine
grained quartz in matrix, Sandstone, light to dark
grey, friable, very fine to fine grained quartz, poor
sorting, subrounded to subangular, siliceous cement
(?), argillaceous, silty, carbonaceous 1in part,
abundant lithic fragments, micaceous, minor glauc-
onite, occasional clear, medium grained, well to sub-
rounded quartz grains, poor visual porosity, Coal,
black, very hard, vitreous luster, conchoidal frac-

ture.

14



4100-4105m

4105-4110m

4110-4115m

Sandstone, light grey to white and mottled, hard to
firm, very fine to wedium grained <clear to
translucent quartz grains, poor sorting, subangular
to subrounded, low to moderate sphericity, slightly
argillaceous, non-fossiliferous, abundant fine to
medium grained black grains, poor visual porosity,
Siltstone, black, hard, silt sized quartz grains,
well sorted, dolomite cement, very carbonaceous,
blocky nature, abundant disseminated silt sized
pyrite, very poor visual porosity, Siltstone, grey,
hard to firm, silt sized quartz grains, moderately to
poorly sorted, slightly calcareous, argillaceous,
carbonaceous, very fine grained quartz in matrix,
silt sized disseminated pyrite, micaceous, blocky
nature, minor glauconite, poor visual porosity,

Quartz Grains, clear, coarse to very coarse grained,

angular to subangular, low to moderate sphericity,

uncemented.

Sandstone, light grey to white, firm to hard, very
fine to medium grained quartz, clear to translucent,
subangular to subrounded, slightly calcareous, silty
to very silty, very slightly argillaceous, abundant
fine to medium black grains, poor visual porosity, no
fossils, minor Claystone, white to cream to reddish
cream, soft, sticky, slightly calcareous, carbon-

aceous specks, lithic fragments.

Claystone, light grey, very silty, calcareous,
sticky, soft, carbonaceous specks, Sandstone, light
grey to white, firm to hard, very fine to medium
grained quartz, clear to translucent, subangular to
subrounded, slightly calcareous, silty to very silty,
very slightly argillaceous, abundant fine to medium

black grains, poor visual porosity, no fossils.

15



4115-4155m

4155-4175

4175-4185m

4185-4190m

4190-4195m

Sandstone, white, salt and pepper, very fine to fine
grained, subangular, well sorted, good sphericity,
hard, silica cement, slightly calcareous, moderately
abundant carbonaceous specks, poor visual porosity,
Claystone, 1light to medium grey, very silty,
non-calcareous, sticky, soft, carbonaceous specks,
grading in part to Claystone, white to very silty,
calcareous, soft, moderately abundant carbonaceous
specks.

Claystone, light to medium grey, very silty,
non—-calcareous, sticky, soft, carbonaceous specks,
with minor Claystone, white, very silty, calcareous,

soft, moderately abundant carbonaceous specks.

Claystone, light to medium grey, very silty, non-cal-
careous, sticky, soft, carbonaceous specks, with
minor Claystone, white, very sticky, calcareous,
soft, moderately abundant carbonaceous specks, and
Siltstone, light grey to white, sucrose texture,
clayey matrix, slightly calcareous, soft, moderately

abundant carbonaceous specks.

Sandstone, white, salt and pepper, very fine to fine
grained, subangular, well sorted, good sphericity,
hard, silica cement, slightly calcareous, abundant
clay in matrix (kaolinite ?). Occasional opaque
grains, moderately abundant carbonaceous specks, poor
visual porosity, with interbedded Siltstone, light
grey to white, sucrose texture, clayey matrix,
slightly calcareous, soft, moderately abundant car-

bonaceous specks.
Sandstone, 1light grey to white, fine to medium

grained, subangular to subrounded, moderately well

sorted, good sphericity, hard, silica cement,

16



4195-4200m

slightly calcareous, abundant white clay matrix
(kaolinite ?), occasional opaque grains, moderately

abundant carbonaceous specks, poor visual porosity.

Sandstone, light grey to white, fine to medium

grained, subangular to subrounded, moderately well
sorted, good sphericity, hard, silica cement,
slightly calcareous, abundant white clay matrix
(kaolinite ?), occasional opaque grains, moderately
carbonaceous specks, poor visual ©porosity, with
interbedded Siltstone, light grey to white, sucrose
texture, clayey matrix, slightly calcareous, soft,

moderately abundant carbonaceous specks.
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APPENDIX NO. 4

SIDEWALL CORE DESCRIPTIONS




PHILLIPS AUSTRALIAN OILCOMPANY =0
SIDEWALL CORE DESCRIPTION

WELL BRIDGEWATER BAY-1 INTERVAL 550m - 1593m DATE 3/10/83 PAGE I
>WC ATTEMPTED_ 30 RECEIVED__ 28 MISSFIRES 0 NO RECOVERY ___ 2
RUN No. 3, Suite No. 1 GEOLOGIST M- Whibley
r

. >

‘DEPTH FLIUORESCENCE CUT

. in L;gz%g‘ DESCRIPTION ODOR STAIN | Brightness Type
metres Colour Colour

550 | 5.5c Calcarenite: White-light grey, mass-— - - - -
ive, homogeneous, moderately hard,

| macro-fossils absent, with occasional

coarse grained calcite plates, clear,

angular-subangular, also very minor

| argillaceous matter disseminated

throughout, poor-fair visual poros-

1ty.

l635 .0cm | NO RECOVERY : - - - -

|650 5.5cH Calcilutite: Light grey-cream grey, - - - -
homogeneous, firm to soft, massive,

slightly plastic, minor argillaceous
matter throughout, with poor visual
I porosity.

750 | 4 cm} Calcilutite: Light grey-cream grey, - - - -
I homogeneous, massive, firm to soft, ’
massive, slightly plastic, minor
argillaceous matter throughout with
l poor visual porosity, with minor

Calcarenite: Grey, massive, homogen—
eous, firm, and patchy distribution
| within the finer grained calcilu-
tite.

815 |5 cm| Calcilutite: Light grey-cream grey, - - - ‘ -
l : homogeneous, massive, firm, poor vis-
ual porosity, with minor Calcarenite:
Grey, massive, firm, poor-fair visual
l porosity.

825 5 cm | Calcarenite: White-light grey, mass-— - - - -

ive, homogeneous, firm, with minor
I disseminated argillaceous material
throughout , macro-fossils absent,
poor visual porosity.

850 | 3.5cng Calcarenite: White-grey, massive, - - - -
homogeneous, firm to moderately hard,
I _ minor argillaceous matter throughout,

and traces of calcite plates, coarse
grained, subangular, poor-fair visual
I porosity.

887 | 4.5cnf Claystone: Light brown-dark brown, - - - - -
firm, slightly plastic, highly cal-

I careous, sticky in part, fossilifer-
ous, with micro lenses of Calcilutite
parallel to the bedding. Lenses are
I up to 4m long, comprising white-
cream massive, soft, fossiliferous
matter, with poor visual porosity,

I and occasional coarse grained calcite

' wYlatomme arvnmnaront 1 | ] 1 1 ]




PHILLIPS AUSTRALIAN OILCOMPANY ==
SIDEWALL CORE DESCRIPTION HB

WELL BRIDGEWATER BAY-1 |NTERVAL_550m - 1593m DATE3/10/83 PAGE 2
WC ATTEMPTED_30 RECEIVED_ 28 MISSFIRES O NO RECOVERY __ 2
RUN No. 3, Suite No. 1 GEOLOGIST M. Whibley
DEPTH| ¢ nGTH FLUORESCENCE cuT
n RECVD DESCRIPTION ODOR STAIN | Brightness Type
metres Colour Colour

J03 |0 cm |No Recovery. - - - -

k3& 5 cm |Claystone: Dark brown, massive, - - - -
homogeneous, firm to moderately hard,
slightly plastic, slightly carbon-

I aceous, non-calcareous, with fine-
very fine grained pyrite disseminated
throughout, and very minor Siltstone:
| Light brown, massive, homogeneous,
highly calcareous.

F65 4.5cm|Sandstone: Quartz, clear-white- - - - -
brown-yellow, medium grained with

occasional coarse grained grains,
subangular-subrounded, moderate

' sphericity, fair to well sorted, with
brown argillaceous matrix (silt)
common, slightly calcareous also. No
| apparent cement. Fair visual inter-
granular porosity.

I984 5.5cm}Sandstone: Quartz, clear-white- .- - - -
brown, very fine grained, subangular
to rounded, moderate sphericity, well
sorted, with brown argillaceous clay-
I silt matrix, slightly calcareous,
slightly carbonaceous, no apparent
cement. Also traces of coarse grain-
I‘ ed quartz grains throughout, well
rounded, white, non-cemented, poor
visual porosity.

I‘000 4.5cm|Sandstone: Quartz, clear-white- - - - -
brown, fine grained, subangular to
rounded, moderate sphericity, well
l sorted with abundant dark brown
argillaceous matrix, carbonaceous,
and no apparent cement. Also traces
I of coarse grained quartz grains, well
rounded, white, non-cemented, poor
visual porosity.

"054 |5.5cm|Siltstone: Dark brown, homogeneous, - - - -
firm to moderately hard, plastic,
I non-calcareous, carbonaceous with

minor 1-2mm thick laminations of
light grey, siltstone or very fine
grained sandstone, non-calcareous.
l Poor visual porosity.




PHILLIPS AUSTRALIAN OILCOMPANY fﬁ
SIDEWALL CORE DESCRIPTION

WELL BRIDGEWATER BAY-1 INTERVAL _550m - 1593m DATE3/10/83 PAGE_ 3
SWC ATTEMPTED__30 RECEIVED_ 28 MISSFIRES_O NO RECOVERY __ 2
RUN No. 3, Suite No. 1 GEOLOGIST M. Whlbley
DEPTH] FLUORESCENCE cut
in lkfgé%gi DESCRIPTION ODOR STAIN | Brightness Type
metres . Colour Colour

1108 |5 cm | Siltstone: Dark brown, homogeneous, - - - -
firm, plastic, non-calcareous,
carbonaceous with common 1-4mm thick
laminations of Sandstone: Quartz,
white-light grey, very fine grained,
subangular-subrounded, high spheric-
ity, well sorted, with no apparent
cement. Poor visual porosity.

1137 |5 cm | Siltstone: Dark brown, homogeneous, - - - -
firm, slightly plastic, non-calcar-
eous, carbonaceous, with minor Sand-
stone: Quartz, white-light grey,
very fine grained, subangular to sub-
rounded, high sphericity, well sort-
ed, no apparent cement. Poor visual
porosity.

1171 |6 cm | Siltstone: Dark brown, homogeneous, B - - -
massive, plastic, sticky, non-calcar-
eous, non-fissile, carbonaceous in
part, poor visual porosity.

11185 |5 cm | Siltstone: Dark brown, homogeneous, - . - -
massive, plastic, sticky, non-calcar-
eous, non—fissile, carbonaceous in
part, poor visual porosity 'as above'
SWC 1171m.

1200 |5 cm | Siltstone: Dark brown, massive, - - - -

homogeneous, plastic, non-calcareous,

I carbonaceous with occasional quartz
grains, white, coarse to very coarse

grained, subrounded, high sphericity,

spread throughout. Poor visual

l porosity.

1210 |4.5cm| Sandstone: Quartz, medium to very - - - -
coarse grained, white-clear, yellow-
brown, subangular to subrounded,
moderate sphericity, poor sorting, no
l . apparent cement, argillaceous matrix

~ ] in part, non-carbonaceous, good
visual intergranular porosity.

|1244 4.5cm| Siltstone: Dark grey, firm, massive, - - - -
homogeneous, non-calcareous, carbon-
aceous, argillaceous, with finely

l disseminated very fine grained Sand-
stone in part. Poor visual poros-
1ty.




PHILLIPS AUSTRALIAN OILCOMPANY &3
SIDEWALL CORE DESCRIPTION =
WELL BRIDGEWATER BAY-1 INTERVAL _550m - 1593m DATE3/10/83 PAGE 4
SWC ATTEMPTED 30 RECEIVED 28 MISSFIRES O NO RECOVERY 2
RUN No. 3, Suite No. 1 GEOLOGIST__M. Whibley
DEPTH FLUORE SCENCE cut
in |Recom DESCRIPTION ODOR | STAIN | Brightness Type
melres Colour Colour

1284 |4 cm | Siltstone: Dark grey-black, firm, - - - -
massive, homogeneous, non-calcareous,
argillaceous with finely disseminated
and lenses (1-2mm thick) of very fine

orained Sandstone: Clear—-white—-1icoht
grained osandasione; viear—-wnhite—.iigal

grey, subangular to subrounded, well
sorted, throughout. Poor visual
porosity.

1318 }|4.5cm] Siltstone: Light grey, firm-soft, - - - -
homogeneous, slightly carbonaceous,

argillaceous with interbedded Silt-

stone: Dark grey-dark brown, firm-

soft, massive, homogeneous, argill-

aceous, non-calcareous. Poor visual
porosity.

1373 | 5.5cm| Sandstone: Quartz, light grey-clear, - - -y -
very fine grained, subangular-sub-
rounded, well sorted, variable spher-
icity, argillaceous matrix, non-cal-
| careous, with lenses 1-2mm thick of
Siltstone: Black, soft, massive,

argillaceous, homogeneous, carbon-
aceous, non-calcareous, poor visual

' porosity.

1425 |4.5cm| Siltstone: Black, firm-soft, homog- - - - -
’ eneous, carbonaceous, non-calcareous,
argillaceous, interbedded (interlam-
inated) with Sandstone lenses, 1-2mm
‘ thick, quartz, light grey, very fine

grained, subangular—-subrounded, well
sorted, argillaceous matrix, non-cal-
I careous. Poor visual porosity.

1457 |4 cm |Siltstone: Dark brown-black, firm, - - - -
carbonaceous, argillaceous, non-cal-
l careous, with interlaminated Sand-
stone: Quartz, light grey, very fine
grained, argillaceous matrix, well

l } sorted, subangular-subrounded, no

apparent cement, poor visual poros-

ity.

|1495.> Sandstone: Quartz, very fine grain- - - - -
4 cm | ed, subangular to subrounded, well
sorted, carbonaceous, argillaceous
| matrix, firm, with no apparent
cement. Poor visual intergranular
porosity.




PHILLIPS AUSTRALIAN OILCOMPANY %5
SIDEWALL CORE DESCRIPTION

WELL BRIDGEWATER BAY-1 INTERVAL _550m - 1593m DATE3/10/83 PAGE_ 5
SWC ATTEMPTED_ 30 RECEIVED__ 28 MISSFIRES O NO RECOVERY 2
RUN No. 3, Suite No. 1 GEOLOGIST M. Whibley
DEP‘;{f FIUORESCENCE curTt

n lkEEhé(\;/gi DESCRIPTION ODOR STAIN | Brightness Type
metres Colour Colour

1522 |4.5cm] Siltstone: Dark brown, massive, - - - -
homogeneous, firm-moderately soft,
highly carbonaceous, non-calcareous,
argillaceous, with very poor inter-
granular porosity.

1570 | 4.5cm| Siltstone: Dark brown, firm, highly - - - -
carbonaceous, argillaceous, homog-
eneous, non-calcareous with lenses
(1-4mm thick) of Sandstone: Quartz,
light grey, very fine grained, sub-
angular-subrounded, well sorted, no
cement apparent, poor visual poros-
ity.

1593 |4 cm | Interbedded Siltstone: Black-dark - - - -
brown, massive, soft, homogeneous,
highly carbonaceous, non-calcareous,
argillaceous with Sandstone: Quartz,
clear to light grey, very fine grainm-
ed, subangular—subrounded, well sort-
ed, no cement, argillaceous, poor
visual porosity. Beds or laminations
are 1-5mm thick.




WELL Bridgewater Bay-1

PHILLIPS AUSTRALIAN OILCOMPANY

SIDEWALL CORE DESCRIPTION
DATE 13/11/83

SWC ATTEMPTIED 51
2

RUN No.

INTERVAL 3335 - 2895m

RECEIVED 39 MISSFIRES

PAGE_ 1
3 NO RECOVERY

9

GEOLOGIST B-E. See

DEPTH
in
metres

LENGTH
RECVD

cm

DESCRIPTION

ODOR

FLUORESCENCE
STAIN ] Brightness

Colour

curT
Type
Colour

3335

No recovery

3295

Claystone: dark grey, homogeneous,

soft, abundant glauconite mainly as

pellets, prismatic calcite - probably

shell fragments, non calcareous,

silty.

3255

Claystone: dark grey, abundant silt,

~homogeneous, moderately hard,

occasional carbonaceous fragments,

non calcareous.

3215

Siltstone: dark grey, very clayey, .

homogeneous, soft, occasional

glauconite pellets, occasional

carbonaceous SpecKks, non calcaréocus.

3175

Siltstone: dark grey, very clayey,

homogeneous, soft, occasional

glauconite pellets and carbonaceous

specks, trace mica, non calcareous.

3135

No recovery

3095

No recovery

3055

No recovery

3015

Siltstone: dark grey, clay matrix,

“homogeneous, soft, moderately

abundant glauconite pellets, i

occasional carbonaceous specks and

Iragments, trace mica, non calcareous

975

No recovery

935

Giltstone: dark grey, clay matrix,

homogeneous, soft, abundant

glauconite pellets, occasionatl

carbonaceous specks, trace mica,

sIightly calcareous.

2895

3.0

Claystone: dark grey, silty, hom-

ogeneous, soft, moderately abundant

glauconite 1n s11t size pellets,

occasional carbonaceous specks, non

calcareous.

=

ORIGINAL -TO ACCOMPANY SAMPILES

COPY TO PERTH OFFICE

COPY TO RIG FILES

A-5A313



PHILLIPS AUSTRALIAN OILCOMPANY
SIDEWALL CORE DESCRIPTION

WELL Bridgewater Bay-1 INTERVAL 2855 - 2680

DATE 13/11/83

SWC ATTEMPTED °1 RECEIVED__ 39 MISSFIRES

RUN No.

2

PAGE__ 2
3 NO RECOVERY_°

GEOLOGIST__ B.E. See

DEPTH
in
metres

LENGTH]
RECVD

cm

DESCRIPTION

ODOR

FLUORESCENCE
STAIN | Brightness

Colour

cuTt
Type
Colour

2855

2.5

Siltstone: dark grey, clayey matrix,

homogeneous, soft, trace glauconite,

moderately abundant carbonaceous

fragments, non calcareous.

2815

Siltstone: dark grey, clayey matrix,

homogeneous, firm, moderately

abundant glauconite pellets, trace

carbonaceous specks, very slightly

calcareous.

2755

Siltstone: dark grey, clayey matrix,

homogeneous, firm, moderately

abundant glauconite pellets, trace .

carbonaceous specks, slightly

calcareous.

2735

2.5

Siltstone: dark grey, clay matrix, -

homogeneous, firm, occasional

glauconite pellets, moderately

abundant carbonaceous specks, trace

mica, sIightly calcareous.

2720

No recovery

2708

2.0

Sandstone: light grey-white, very

fine grained, abundant clear grains,

sub-angular to subrounded well sorted

moderate sphericity, abundant clay

& s1l1t, occasional glauconite

PEITETS, abundant carbonaceous Specks

siightly taltareous, poor visual

porosity.

2690

Sandstone: light grey-white, very

fine grained, abundant clear grains,

sub angular to subrounded, well

sorted, moderate sphericity,

abundant clay and silt, no glauconite

abundant carbonaceous Specks,

slightly calcareous, poor visual

POTOSity.

680

2.0

Siltstone: grey, clay matrix, soft,

abundant carbonaceous specks with

Intérlaminations ot Sandstone: white,

very fine grained, subangular to

subrounded, well sorted, minor

glauconlite, occasional carbonaceous

—

specks, Siltstone very calcareous in

part.

UGINAL-TO ACCOMPANY SAMPLES

COPY TO PERTH OFFICE

COPY TO RIG FILES

A-5633



PHILLIPS AUSTRALIAN OILCOMPANY =
SIDEWALL CORE DESCRIPTION 05)

weLL Bridgewater Bay-1 |\ rppya) 2650-2342 pATE 13/11/83 PAGE
SWC ATTEMPTED__ 51 - RECEIVED___ 39 MISSFIRES 3 NO RECOVERY _ °
RUN No. 2 GEOLOGIST_B-E. See
DEPTH| enGTH . FLUORESCENCE cut
in RECVD DESCRIPTION ODOR STAIN | Brightness Type
metres | com Colour Colour

2650] 2.0 | Sandstone: light grey, very fine - - - =
grained, abundant clear grains, sub- p

angular, well sorted, moderate
sphericity, silIica cement, trace

glauconite, minor carbonaceous specks
non calcareous, good visual porosity.

2630 No recovery

2590] 1.5 | Siltstone: dark grey to dark brown,
very clayey matrix, homogeneous,

moderately hard, abundant coaly-car-
bonaceous material, slightly
calcareous.

2555 2.0 | Siltstone: dark grey to dark brown,
very clayey matrix, homogeneous,

firm, abundant carbonaceous specks,
calcareous.

2515 No recovery

2480] 2.0 ] siltstone: dark grey to dark brown,
very clayey matrix, firm, abundant
carbonaceous specks, non calcareous

with interlaiminations of Sandstone:
white, very fine grained, subangular
to subrounded, well sorted, trace
glauconite, non calcareous.

245 2.2 Mudstone: dark brown, moderately
hard, abundant silt, moderately

abundant subangular to subrounded,
clear quartz grains, medium to coarse
size floating in matrix, abundant

carbonaceous specks, trace glauconite
slightly calcareous.

2403 No recovery. .
2368 No recovery
2342 Nb recovery

L
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PHILLIPS AUSTRALIAN OILCOMPANY
SIDEWALL CORE DESCRIPTION

WELL Bridgewater Bay-1 INTERVAL 2300-2130 DATE 13/11/83 PAGE 4
SWC ATTEMPTED__ 51 RECEIVED 39 MISSFIRES 3 NO RECOVERY_ °
RUN No.___2 GEOLOGIST B-E- See
DE'PTHLENG"1 . FLUORESCENCE CuTt
in RECVD DESCRIPTION ODOR STAIN ] Brightness Type
metres | cm Colour Colour

2300] 2.5 | Siltstone: dark grey to brown, very - - - -

clayey matrix, homogénéous, SoOft,

moderately abundant carbonaceous

specks, sandy in part (very fine

grained), non calcareous.

2265}) 2.5 | Sandstone: medium grey, very Iine

grained, subangular to subrounded,

moderate sphericity, well sorted,

silica cement, trace glauconite,.

abundant carbonaceous specks,

non calcareous, fair visual porosity-

22351 3.0 ] Siltstone: dark grey to Drown; Very

clayey matrix, firm, moderately

abundant carbonaceous Specks, non

calcareous, with interlaminated

Sandstone: white, very fine grained,

subangular to subrounded, moderate

sphericity, well sorted moderately -

abundant carbonaceous specks, trace

glauconite, non calcareous.

2215} 2.79 Siltstone: dark grey, very ciayey

matrix, firm, moderately abundant

carbonaceous specks, sandy in part

(very fine grained), non calcareous

2175] 3.0} sandstone: light grey to white, very

fine grained, subangular to sub-

rounded, moderate sphericity, well

sorted, abundant silt (medium grey)y

in matrix, minor glauconite,

abundant coaly-carbonaceous

material, non calcareous, poor visuall

porosity.

2130f 2.7% sandstone: dark to light grey, very

fine grained, subangular to sub- .

rounded, moderate to good sphericity,

well sorted, abundant dark grey siIt

(dirty) matrix, moderately

abundant glauconite amdpyrite;

trace mica, mlnor carbonacescus

Specks, Non Calcaresous, poor visuat

porosity

t

|

ORIGINAL -TO ACCOMPANY SAMPLES COPY TO PERTH OFFICE COPY TO RIG FILES A-5633



PHILLIPS AUSTRALIAN OILCOMPANY
SIDEWALL CORE DESCRIPTION

WELL Bridgewater Bay-1 INTERVAL 2100 - 1939m

DATE 13/11/83

SWC ATTEMPTED 51  Recewvep__ 39 MISSFIRES
RUN No. 2

PAGE_ °

NO RECOVERY _°

GEOLOGIST

B.E. See

DEPTH LENGTH]
in  IRECVD
metlres cm

DESCRIPTION

ODOR

FLUORESCENCE
STAIN | Brightness
Colour

curt

Type
Colour

2100} 2.75

Sandstone: medium to light grey,

very fine grained, subangular to

subrounded, moderate to good

sphericity, well sorted; abuwrdant

dark grey silt (dirty), minor

glauconite and pyrite, trace mica,

moderately abundant carbonaceous

Specks, non calcareous, poor visuat

porosity.

2079| 2.5

Siltstone: dark grey, very clayey,

firm, moderately abundant carbon-::

aceous specks, very sandy throughout

{very I'ine gralned subrounded quartz

grains floating in matrix,

moderately abundant glauconite, non

calcareous.

2052} 2.73

Siltstone: dark grey, very clayey,

firm to moderately hard, abundant

carbonaceous specks, moderately

abundant glauconite, very sandy

throughout - sand grains range from

very fine to medium size, sub-rounded|

slightly calcareous.

2015 3.0

Sandstone: dark to medium grey, very

fine to medium grained, moderate to

good sphericity, subrounded, poorly

sorted, very dirty silty/clayey

matrix, abundant nodular glauconite

and carbonaceous material, non

calcareous, poor visual porosity.

1979|

No recovery

1939 2.5

Siltstone: dark brown, very clayey

matrix, firm, abundant carbonaceous

specks, occasional mica flakes,

interlaminated Sandstone: white,

very fine grained, subangular to

subround, moderate to good sphericity]

well sorted, minor glauconite and

carbonaceous specks, non calcareous

ORIGINAL -TO ACCOMPANY SAMPLES

COPY TO PERTH OFFICE

COPY TO RIG FILES

A-5633



WELL Bridgewater Bay # 1 'NTERVAL

PHILLIPS AUSTRALIAN OILCOMPANY
SIDEWALL CORE DESCRIPTION

SWC ATTEMPTED 51 RECEIVED__ 39

RUN No.

1910 - 1720m

2

DATE
MISSFIRES__ 3

13/11/83

PAGE
NO RECOVERY

9

GEOLOGIST__B-E. See

DEPTH
in
metres

LENGTH
RECVD

cm

DESCRIPTION

ODOR

FLUORESCENCE
STAIN | Brightness
Colour

curt

Type
Colour

1910

3.0

Interlaminated Siltstone and

Sandstone; Siltstone: dark brown

very clayey matrix, firm

abundant carbonaceous Specks,

occasional mica flakes; Sandstone;

light grey to white, very fine

grained, subangular to subround,

moderate to good sphericity, well

sorted, minor glauconite and

carbonaceous specks, non calcareous.

e

18708

3.5

(Claystone: ~dark brown, homogeneods,

abugggnt s11t, moderately nhard,

abundant carbonacéous specks,

moderately abundant glauconite,

non calcareous.

1830

3.0

/eIéystohe?\dafE brown, homogeneous,

"abundant sillt, moderately hard,

abundant carbonaceous specks,

minor glauconite, non calcareous.

1800

3.75

Claystone: medium brown, homogeneous

moderately abundant silt, moderately

hard, abundant carbonaceous specks,

slightly calcareous.

1773

3.5

Siltstone: Medium to dark brown,

very clayey matrix, moderately hard,

minor carbonaceous specks,

abundant glauconite pellets, trace

mica, very sandy with very fine to

medium grained quartz, mostly

subrounded, moderate to good

sphericity, poorly sorted, slightly

calcareous.

17

Sandstone: dark grey, very fine

grained, very clayey matrix,

subangular to subround, moderate

sphericity, well sorted,

moderately abundant carbonaceous

specks, very slightly calcareous.

Poor visual porosity.

ORIGINAL -TO ACCOMPANY SAMPLES

COPY TO PERTH OFFICE

COPY TO RIG FILES

A-5633

-



PHILLIPS AUSTRALIAN OILCOMPANY £
SIDEWALL CORE DESCRIPTION @

WELL Bridgewater Bay # 1 |NTERVAL 1700 - 1613m DATE 13/11/83 PAGE 7
SWC ATTEMPTED__ 51 RECEIVED___ 39 MISSFIRES__ 3 NO RECOVERY __ °
RUN No. 2 GEOLOGIST 2-B- 5¢¢
DEPTH] enGTH . 7 FLUORESCENCE cuTt
in  |RECVD DESCRIPTION ODOR | STAIN | Brightness Type
metres Colour Colour

1700 1.79 sandstone: medium grey, very fine - - - =

grained, subangular to subround,

moderate to good sphericity, well

sorted, moderately abundant

carbonaceous specks, traceé glauconit

very calcareous matrix, pooy visual

porosity.

1663 3.0 | Sandstone: Medium grey, fine to

medium grained, subangular to sub-

rounded, moderate to good sphericity,

most grains clear, 5% opague,

moderately well sorted, minor

carbonaceous specks, trace

glauconite, non calcareous, good

visual porosity.

1613 3.0] Sandstone: light grey to white,

very fine grained, subangular to

subrounded, moderate to good

sphericity, well sorted, minor

carbonaceous specks, trace

glauconite, non calcarecus, with

interbedded Siltstone: meédium

brown, Very Clayey matrix; Tiror

carbonaceous specks, homogeneous,

non calcareous, moderately hard.

——

L
ORIGINAL -TO ACCOMPANY SAMPLES COPY TO PERTH OFFICE COPY TO RIG FILES A-5633




PHILLIPS AUSTRALIAN OILCOMPANY

WELLBridgewater Bay-1

SIDEWALL CORE DESCRIPTION

INTERVAL 3663 DATE PAGE
SWC ATTEMPTED__ 30 RECEIVED 22 MISSFIRES 0 NO RECOVERY
RUN No. 3 GEOLOGIST___B- See
DEPTH| eNGTH FLUORESCENCE cut

in RECVD DESCRIPTION ODOR STAIN | Brightness Type
metres| Colour Colour
3560 0.5 |Claystone: Dark grey, homogeneous - - -

firm, non-calcareous, silty,
sandy (very fine sand), moderately

abundant carbonaceous Specks.

ORIGINAL - TO ACCOMPANY SAMPLES COPY TO PERTH OFFICE

COPY TO RIG FILES

A-5633



PHILLIPS AUSTRALIAN OILCOMPANY
SIDEWALL CORE DESCRIPTION

WELL Bridgewater Bay-1 INTERVAL 4014-3600m

RUN No. 3

DATE
SWC ATTEMPTED 30 RECEIVED 22 MISSFIRES O

4/12/83

GEOLOGIST

PAGE

NO RECOVERY 2

B. See

DEPTH
in
metres

LENGTH
RECVD

cm

DESCRIPTION

ODOR

FLUORESCENCE
STAIN | Brightness
Colour

cuT
Type
Colour

4014

1.0

Claystone: Dark grey to black,

homogeneous, firm, non calcareous,

silty, sand, (very fine grailns) Mod.

abundant carbonaceous SpecKS.

4008

Claystone: Dark to medium grey,

homogeneous, hard, very calcareous,

silty, occasional carbonaceous specks,

3960

Claystone: Dark grey, homogeneous

firm, non calcareous, slightly sility,

occasional carbonaceous specks.

3920

No recovery

3880

No recovery

3840

No recovery

3800

1.0

Claystone: Dark grey to black,

homogeneous, firm, non calcareous,

silty, abundant carbonacéous Specks.

2760

1.0

Claystone: Dark grey, homogeneous,

firm, non calcareous, silty,

moderately abundant carbonaceous

specks.

3720

0.5

Claystone: Dark grey, homogeneous,

firm, non calcareous, silty,

moderately abundant carbonaceous

specks.

3680

1.0

Claystone: Dark grey, homogeneous,

firm, non calcareous, silty,

moderately abundant carbonaceous

specks.

3640

1.0

Claystone: Dark grey, homogeneous,

firm, non calcareous, Silty,

moderately abundant carbonaceous

specks.

360

Claystone: Dark grey, Nomogensous,

firm, non calcareous, silty,

moderately abundant carbonaceous

specks.

SINAL - TO ACCOMPANY SAMPLES

COPY TO PERTH OFFICE

COPY TO RIG FILES

A-5633



PHILLIPS AUSTRALIAN OILCOMPANY 5D
SIDEWALL CORE DESCRIPTION @

WELLBridgewater Bay-1 INTERVAL  4105-4017 DATE 4/12/83 PAGE 2
SWC ATTEMPTED___30 RECEIVED 22 MISSFIRES__O NO RECOVERY__8
RUN No._ > GEOLOGIST__B- See
DEPTH| eNGTH : FLUORESCENCE cur
in |RECVD DESCRIPTION ODOR STAIN | Brightness Type
metres Colour Colour
4105] 0.5 JSandstone: Light to grey to white, - - = =
salt & pepper, very fine to fine p

grained, angular to subangular, fair

sorting, low to moderate sphericity,

very clayey and silty, transparent
to translucent grains, hard, non

calcareous silica cement, salt &
pepper appearance caused by
carbonaceous material, no visual
porosity.

4102] 1.0 [Claystone: Dark brown to black, - - - -
homogeneous, firm, silty, occasional

areas of white calcareous material,
non calcareous overall, fossil

fragments both siliceous and
calcareous.

4098| 1.0 |Claystone: Dark grey to black,
homogeneous, firm, non calcareous,

white siliceous lmm band runs throﬁgh
centre of core - probably represents
deep-sea ooze, silty.

4088 No recovery.

4072} 1.0 JClaystone: Dark grey, homogeneous - - - -
firm, very slightly calcareous,

occasional areas of white
calcareous material, very silty -

borderline Siltstone, abundant
carbonaceous specks.

4047] 0.5 | Sandstone: Dark grey, very Iine - - = =

grained, angular to subangular,
moderately well sorted, moderate
sphericity, very clayey and silty,
grains mostly transparent, hard,
very slightly calcareous, trace .

glauconite?, moderately abundant
carbonaceous specks. No visual
porosity.

4025 No recovery

4017] 0.5 | sandstone: Dark grey, very fine - - -
grained, angular to subround,

moderately well sorted, moderate
sphericity, very clayey & silty,
grains mostly transparent, trace

glauconite? moderately abundant
carbonaceous specks. No visual porosity.

ORIGINAL - TO ACCOMPANY SAMPLES COPY TO PERTH OFFICE COPY TO RIG FILES A- 5633




PHILLIPS AUSTRALIAN OILCOMPANY =
SIDEWALL CORE DESCRIPTION @

WELL_Bridgewater Bay-1 |NTERVAL 4175-4109m DATE 4/12/83 PAGE !
SWC ATTEMPTED___ 30 RECEIVED__ 22 MISSFIRES__ © NO RECOVERY_ 8
RUN No. 3 GEOLOGIST B. See
DEPTH| ENGTH : FLUORESCENCE curt

in RECVD DESCRIPTION ODOR STAIN Brigh[nelg Type
metres cm Colour Colour
4175 .75|Claystone: Light to medium grey, - - - -

homogeneous, firm, non calcareous, p

silty; very silty in part and
calcareous with abundant silIt size

carbonaceous specks.

4165] 1.00}siltstone: grey, sucrose texture, - - - -
very clayey, firm, moderately

abundant carbonaceous specks, very
minor silt size mica, very slightly

calcareous.

4156] 0.5 |Siltstone: Light to medium grey, - - - -
sucrose texture, very clayey, firm,
slightly calcareous, abundant
carbonacecus Specks scattered

throughout matrix, minor carbonaceous
bands (less than lmm) with coaly
material, very minor silt size mica.

4148 No recovery.

4137]| 1.75|Claystone: Light to medium grey,. - - - -
homogeneous, firm, very slightly
calcareous, silty, moderately
abundant carbonaceous specks.

4130 No recovery

4125] 1.0 |Sandstone: White, salt & pepper, - — — -
very tfine to fine gralned, angular
to subangular, fair sorting, fair
sphericity, very clayey, very silty,

very calcareous, moderately hard,
salt & pepper appearance caused by

grey translucent to opague grains and
by carbonaceous blotches; no visual
porosity.

4115 No recovery.

4109f 0.75] Siltstone: Medium grey, sucrose - - - -
texture, very clayey, firm, non

calcareous, abundant carbonaceous
specks, trace mica.

ORIGINAL -TO ACCOMPANY SAMPLES COPY TO PERTH OFFICE COPY TO RIG FILES A-56433 -
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for: PHILLIPS AUSTRALIAN OIL COMPANY,

February 16th, 1984.
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Sample ZONE
Depths or E-log
(m) AGE STAGE Pick Paleo-environment
550 MID Zone Mid continental shelf (=100m)*
to PLIOCENE A-3 calcarenite with canyon fills
CBIS 4t 650 & S50m - - - -
~ 822
825 MID Zone Mid continental shelf (=100m)*
to MIOCENE C biogenic calcarenite.
850 ST LT E T T T
860
887 MID/1ATE ? Zone Inner continental shelf (=40m)*
T ""EOCCENE "~° " "N """ 7 7° " 7" " biogenic carbonate. "~ " 7 "7 7F
900
934 FARLY Marginal Marine gtz. sands &
to TERTTARY ?2?2? silts with Pebble Point Fm.
1210 equivalent at 1210
21244 Marginal Marine gtz. sands &
to LATE ??? silts in proximity of barrier-dune
CRETACEOQOUS
2855 system.
2895 ?Mid-early
to g;ETACEO s Turonian ? Marginal Marine.
3615 U (refer Fig.2)
3625
MID . .
to CRETACEOUS 2?7 Marginal Marine.
4165 .
= hiatus * paleobathymetric estimate

FIGURE 1: SUMMARY of BIOSTRATIGRAPHIC SEQUENCE - BRIDGEWATER BAY # 1.

David Taylor, February 16, 1984.



INTRODUCTION.

Eighty five

between 550

sidewall cores were examined from BRIDGEWATER BAY # 1

and 4165m. Whilst drilling was in progress, seventeen

rotary cutting samples were examined as urgent. Subsequently, eight

cutting samples were examined between 2880 and 2985m in an attempt

he discrepancy between the foraminiferal biostratigraphy

and the palyno-stratigraphy of the mid Cretaceous sequence between

2895 and 3615m (refer Figure 2 - next page).

The following Figures accompany this report -

FIGURE 1
FIGURE 2
FIGURE 3

FIGURE 4

FIGURE 5

.
-

o

SUMMARY of BIOSTRATIGRAPHIC SEQUENCE : on page 1.
DISCREPANCIES in CRETACEOUS STAGE DETERMINATIONS : on page 3.

TERTIARY to LATE CRETACEOUS FORAMINIFERAL and SEDIMENT
GRAIN DISTRIBUTION : interval between 550 and 1593m.

LATE CRETACEOUS FORAMINIFERAL and SEDIMENT GRAIN DISTRIBUTION
interval between 1613 and 2860m.

MID CRETACEOUS FORAMINIFERAL and SEDIMENT GRAIN DISTRIBUTION :
interval between 2890 and 4165m.

? MID CRETACEOUS ? - 4165 to 3625m.

Apart from contaminated cutting samples and single fragment of a Dorothia

in the sidewall core at 3720m, no Cretaceous foraminifera were found

in this interval; either in sidewall cores or cuttings.

The palynological results for this interval are inconclusive Because of

extremely poor preservation (see report by Helene Martin). However,

many of the dinoflagellate species determined have mid Cretaceous ranges.

A dominance of quartz sand in residues at, and below, 4008m (refer Figure

5) is the only evidence for designation of the WARRE FORMATION. Above

4008m, and as high as 3660m, the sediment was mainly of silt grade,

suggesting it represents an equivalent of the lower part of the BELFAST

MUDSTONE.



-

ahishisl

86

88

90

92

94

o

BRIDGEWATER BAY

.
i

alle
l

R

i
1

i
I T

FORAMINIFERAL BIOSTRATIGRAPHY PALYNO - STRATIGRAPHY
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FIGURE 2: DISCREPANCIES in CRETACEOUS STAGE DETERMINATIONS for BRIDGEWATER BAY # 1. N

{Compare this report with that by Helene Martin).

N.B. Differences in time scales between left and right.

References (1) Robaszynski & Caron (1979)

(2) Koch (1977)& Hilterman‘&Koch(l962)
(3) Taylor (1964 & subseq. obs.)

(4) Dettmann & Playford (1969)

(5) Stacey (1982)
(6) Van Hinte (192§)

€

David Taylor, February 9,1984.1



MID CRETACEOUS - ? TURONIAN ? - 3615 to 2895m.

Over this interval there is discrepancy in the age determination arrived

at by foraminiferal biostratigraphic methods and that by palyno-stratigraphy.
These discrepancies are illustrated on Figure 2 (preceeding page). It
should be noted that the controversy even extends to the geochronic time
scale applied on each side of the diagram. The time scale, linked with
with planktonic foraminiferal correlation, is that arrived at by the

European Working Group of the IGCP - Mid Cretaceous Event Project (as
outlined in Robaszynski & Caron, 1979). The time scale applied by

Stacey (1982) was an earlier version (Van Hinte, 1976).

The base and top of this interval is marked by the presence of the aragonitic
benthonic foraminifera Colomia austrotrochus, which Taylor (1964) selected
as an indicator of his Zonule B. Also present within this interval is one

specimen of Gavelinopsis cenomanica; another designated Zonule B indicator.

However, of greater significance in this Bridgewater Bay interval was the
presence of a few specimens of planktonic foraminifera; including a
Praeglobotruncana sp. (SWC 2935). This specimen has strong morphological
affinities to P. stephani (sensu Hiltermann & Koch, 1962 and Robaszynski &
Caron, 1979) and in many ways similar to P. delrioensis delrioensis (sensu
Koch, 1977, refer synonymy on p.25). Planktonics were also recorded in
cuttings at 3295 and 3495m, including three specimens listed on Figure 5
as Whiteinella baltica (sensu Robaszynski & Caron, 1979), but listed also

on Fiqure 2 as W. portsdownensis (sensu Koch, 1977).

Other occurrences of significance are four specimens of calcareous benthonic
forms, representing the earliest stages of the Stenosioeina granulata
lineage group (refer Koch, 1977, Fig. 3, p.32). The Bridgewater Bay # 1
specimens are referable to the flattened, lenticular praecursor morphotypes,
rather than to the plano-convex pentultimate and ultimate forms. Thus
these specimens were probably referable to either S. granulata interiecta

or humilis, or possibly to the intermediate morphotype kelleri.

Originally, Taylor (1964) placed Zonule B within the Turonian Stage by
cross-correlation of the Victorian, purely benthonic faunas, with similar

faunas, associated with diagnostic planktonic forms on the Western Australian



margin. Of particular importance in this correlation was Gavelinopsis
cenomanica; its prescribed range of Cenomanian to Early Turonian in
North-Western Europe, as given by Hiltermann & Koch (1962), and
confirmed in Koch (1977, Tab.1). Shell Development (1967), in their
study of the Voluta # 1 sequence (in the vicinity of Bridgewater Bay # 1)
applied Taylor's (1964) scheme for the Port Campbell Embayment. But for
rather tenuous reasons, they amended the scheme by extending the range
of G. cenomanica into the lower part of Zonule A. Shell Development
(1967) designated this lower part of Zonule A (Zonule XA-2) as being
possibly of Coniacian age, thus implying that G. cenomanica remained

in the Otway Basin as a relict after its extinction in Western Australia and

North Western Europe.

Age determinations by micropaleontologists were hampered by the total absence
of biostratigraphically diagnostic, planktonic foraminiferal taxa. This
problem of chrono-stratigraphic precision in a stage determination for Zonule
B (of Taylor, 1964) seemed resolved by the recovery of four specimens of
index planktonic forms. Even if the single specimen, listed as Praeglobotruncana
aff. stephani is not referable to that species, it is indisputably a
Praeglobotruncana, and thus the sidewall core at 2935m can be no younger than
mid Turonian (refer Figure 2). The identification of Whiteinella baltica
and/or W. portsdownensis strongly collaborates this conclusion. The
presence of praecursor forms in the Stensioeina granulata lineage restricts
the age of the interval, at least above 3170m, to the mid Turonian; refer
Figure 2 and note from Figure 5 that S. granulata Group specimens were found
only in cuttings. Indirect evidence regarding the range of Colomia
austrotrochus is includéd on Figure 2 from Taylor's personal observations

of the association of this species with early to mid Turonian planktonic

foraminifera in samples from the West Australian Margin.

Admittedly, the evidence is sparse for a mid Turonian to possibly early
Turonian age for the interval 3615 to 2895m; being dependant on four
poorly preserved planktonic foraminifera, with supporting evidence from the
presence of some ten calcareous benthonic specimens. Yet by plottiﬁg a
composite of ranges of all species present, as on Figure 2, an impression
emerges, albeit on sparse evidence, of a biostratigraphic placement within a

narrow time span, approximating one million years.



This apparent biostratigraphic precision is exploded by the palynological
determinations on the same samples (refer right hand column of Figure 2).
Samples dated as no younger than mid Turonian on foraminiferal evidence
are considered as no older than mid Coniacian or even early Santonian on
the bulk of palynological evidence (refer palynology report on Bridgewater
Bay # 1 by Helene Martin). As explained by Martin, preservation of the
spore/pollen is poor within this interval and occurrence of diagnostic
forms is sporadic, so the palyno-stratigraphy is dependant on
dinoflagellates; particularly the zonal indicator Odontochitina porifera
between 3600 and 2815m. Martin expresses reservations regarding the
designation of these Cretaceous (as well as Tertiary) dinoflagellate zones
in that there is no description or diagnoses of the zones by Stacey (1982)
or his Esso Australia associates. A similar statement could be made
regarding the sample locations used as evidence for the Cretaceous stage
designations for the dinoflagellate zones. Such evidence is only valid
if the particular dinoflagellate assemblage was associated with a stage
diagnostic planktonic foraminiferal and/or ammonite fauna. As already
explained, such samples are not available from the Otway Basin or elsewhere

along the Southern Margin.

Possibly, the mid Turonian foraminifera were reworked in younger sediment,

but it is also possible that the Coniacian/Santonian microflora were contaminants
in mud penetrated sidewall cores. However, the discrepancies in Cretaceous
Stage determinations for Bridgewater Bay # 1 cannot be dismissed by such

argument; resolution is only possible by production of further evidence.

This interval between 3615 and 2895m was deposited in marginal marine conditions,
as is evident by the predominance of arenaceous benthonic foraminifera (refer
Figure 5). This Bridgewater Bay # 1 interval was deposited in even more
marginal marine paleoenvironments than for the equivalent interval in Voluta

# 1 between 3568.5 and 2800m, Jjudging from the higher specific diversity and
numerical specimen frequency in Voluta # 1 (Shell Development, 1967).
Nondescript planktonic foraminifera, Hedbergella, occur fairly frequently

(up to 20 specimens per sample) in the Voluta interval. The recovery of

four diagnostic planktonics in the equivalent interval in Bridgewater Bay # 1

may be purely a chance factor in sampling, suggesting that they may be



present as a "trace" throughout the Basin.

LATE CRETACEOUS - 2855 to ?1244m.

pollen and dinoflagellates) by Helene Martin. No comment on the foraminiferal
biostratigraphy is warranted because of the absence of diagnostic species,

particularly planktonic ones.

The foraminiferal faunas, where present, were almost totally dominated by
arenaceous species; particularly Haplophragmoides spp. The occurrence

of these arenaceous assemblages were sporadic (refer Figures 3 & 4) and
often were not present in samples from which Martin reports dinoflagellates.
The inference is that the environment was marginal marine with strongly
fluctuating conditions regarding salinity and pH. The presence of frosted
and fractured quartz sand in many samples, suggests the depositional site

was within the proximity of a barrier-dune system.

EARLY TERTIARY ~ 1210 to 934m.

Once again age determination is dependant on the palynology of Helene Martin.
The sample at 1210m is of interest, as the limonitic stained, polymodal
sand grains suggest correlation with the Pebble Point Formation. This

assumption is confirmed by the presence of the dinoflagellate Isabelidinium
bakeri in the sample at 1210m.

MID or LATE EOCENE - 887m (refer Figure 3).

This biogenic calcarenite was probably deposited at the top of the mid
Eocene, although deposition of the unit (top on E-log - 860m) probably
extended into the late Eocene. Deposition was on the inner continental

shelf (=40m in paleodepth).

MID MIOCENE - ZONE C - 850 to 825m.

An unconformity was apparent at 860m (E-logs) with the incoming of a
distinctly (see Figure 3) mid Miocene planktonic assemblage at 850m.
Deposition was on the mid continental shelf with paleodepth increasing

to =100m.



MID PLIOCENE - ZONE A-3 - 815 to 550m.

Another unconformity was apparent at 822m (E-logs) with a mid Pliocene
assemblage being recorded upwards from 815m (see Figure 3). As in the
mid Miocene, deposition was on the mid continental shelf (=100m) but
there is some evidence of canyon cutting and filling with a numerical
abundance of Cassidulina leavigata and Fissurina spp. at 650 and 550m.
associated in richly bryozoal calcarenites. This apparent canyon activity
could account for the mid Miocene/mid Pliocene unconformity at 825m.
However, mid Pliocene canyon carbonate fills in Bridgewater Bay are not

as well developed as those between 660 and 434m in Discovery Bay # 1.
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David Taylor, February 1984.
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FIGURE 4: LATE CRETACEOUS FORAMINIFERAL and SEDIMENT GRAIN DISTRIBUTION -
BRIDGEWATER BAY # 1 : 1613m to 2860m.
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De id Taylor, February 1984.
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FIGURE 5: MID CRETACEOUS FORAMINIFERAL DISTRIBUTION and SEDIMENT ANALYSIS
Refer Figure 3 for Distribution Symbols.

*refer text and Figure 2.

David Taylor, February 1984.
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BRIDGEWATER BAY § 1

SUMMARY OF STRATIGRAPHIC PALYNOLOGY.

DEPTH (M) SPORE-POLLEN ZONE DINOFLAGELLATE ZONE AGE PALEOENVIRONMENT
887 Lower N. asperus C. incompositum LATE EOCENE Marine
934-965 P. asperopolus — EARLY-MID EOCENE Non marine
984-1000 ? marginal marine
M. diversus —_ EARLY EOCENE Non marine
1054
1108-1200 ?
1210 2 L. balmei Paleocene PALEOCENE
MAASTRICHTIAN into
1244-1457 T. longus
EARLIEST PALEOCENE
I. pellucidum* Marginal marine
LATEST CAMPANIAN
1495.5 into
) MAASTRICHTIAN
1522 I. korojonense
! T. lilliedi
1570-1613 I. pellucidum?*
1663 - Non marine
1700-1870 ? Marginal marine
CAMPANIAN
1910~-1939 —_— Non marine
2015
X. australis
2052-2130
N. senectus
2175-2450
. N. aceras
LATE SANTONIAN into
EARLIEST :
2480-2590 c ANIAN Marginal marine
2650-2775 T. pachyexinus I. cretaceum SANTONIAN
2815-2935 LATE CONIACIAN
0. porifera into EARLIEST
3015-73600 SANTONIAN :
indeterminable
23680-4098 indeterminable ?

Molenu A Martin, Fobruary 1984.

sFor explanation, see Fig. 2
and text, page 5.




A. SIDEWALL CORES.

SPORES and POLLEN

The spores and pollen identified-are listed in Table 1 and the ranges
of diagnostic species are shown on Figure 1. The species in Table 1
are grouped into three categories:-

1) Spores, mostly from ferns and their allies.

2) Gymnosperm pollen: pines e.g. hoop pine, Huon pine etc. These would

.have been mostly forest trees. Their relatives are found today in

ot fht e N~

forests of Tasmania, New Zealand, New Caledonia and New Guinea. Only
a few grow on the Australian Mainland and they are restricted to
rainforests and the wetter climates.

3) Angiosperm pollen : flowering plants. These may have been trees or
shrubs.

An assessment of the abundance of plant tissue debris is included in Table
1. Plant tissue debris is abundant in non marine swamps but less so in
fresh water lakes. Plant tissue debris is not abundant in marine
environments unless the location is close to a river outlet. However, other
factors are involved with the abundance of plant tissue debris, e.qg.
preservation. Poor preservation may destroy or render unrecognisable

much of the plant tissue debris.

The ranges of Cretaceous diagnostic species follow Dettmann & Playford (1969)
who based their ranges on data from the Otway Basin. Ranges for uppermost
Cretaceous and Tertiary diagnostic species follow Stover & Playford (1973)

as amended by Partridge (1976). These latter ranges are based on data from
the Gippsland Basin. Where ranges for the same species are available for
both basins, they are not always the same. When these species are
encountered in Bridgewater Bay, their ranges conform to those given for

the Otway Basin. Stacey (1982) slightly modifies the original dating of

the zones by Dettmann & Playford.

Partridge (1976) presents further subdivisions of the zones in Stover &
Partridge (1973), but without diagnosis or definition. As the criteria

for these subdivisions is unknown, they cannot be used here.



1. 4102-4165m - Barren.
2. 3015-4098m - Indeterminable.

Preservation is exceedingly poor here and only the most robust spores and
pollen have survived. Only the ones with characteristic shapes and gross
features can be identified for all the fine detail has been destroyed. All

of the species which can be recognised are long ranging and of no diagnostic
value. The three lowermost samples have no pollen at all, but dinoflagellates

are present (see Table 2).

3. T. pachyexinus Zone - Conia¢ian into Early Campanian, 2480-2935m.

Preservation here is poor, but somewhat better than the Indeterminable Zone
beneath it. The lowermost core, 2935m, contains Latrobosporites amplus and
Proteacidites scaboratus which both appear within the T. pachyexinus Zone.
Whether 2935m marks the true base of the T. pachyexinus Zone or whether it
continues deeper, but all diagnostic species have been destroyed, cannot

be determined from the palynological evidence.

4. N. senectus Zone - Early-Mid Campanian, 2052-2450m.

Preservation is still poor, but it improves with decreasing depth. T. gillii,
which first appears at the base of this zone is found in 2450m. Other
diagnostic species found in this Zone are Proteacidites amolosexinus,

Nothofagidites senectus and Tricolpites sabulosus.

5. T. lilliei Zone - Late Campanian into Early Maastrichtian, 1495.5-2015m.

Nothofagidites endurus, which first appears at the base of the Zone is
found in 2015m and other diagnostic species are found within this depth

interval (see Table 1 and Figqure 1).

6. T. longus Zone - Maastrichtian into earliest Paleocene, 1244-1457m.

The first appearance of Proteacidites angulatus in 1457m marks the base of
the T. longus Zone. Stover & Partridge (1973) state that the range of
Australopollis obscurus begins within this zone, but Dettmann & Playford
(1969) show that this species first appears in the C. triplex Zone
(Turonian) of the Otway Basin. In Bridgewater Bay, A. obscurus is found

from the T. pachyexinus Zone up.

7. ?L. balmei Zone - Paleocene, 1210m.

Haloragacidites harrisii, which first appears within the L. balmei Zone is

present here, but it also continues into the M. diversus Zone. None of the



crnartioes whoge yYange +armin
species whose ranges terminat t the top of the T. longu

here. The species whose ranges begin at the base of the M. diversus Zone
are not found here either. This is a poor assemblage with insufficient |
evidence for a positive determination of the L. balmei Zone. The

dinoflagellate evidence however, is more specific (see discussion below).

o ar A< -y F o~ —
8. M. diversus Zone - Early Eocene, 984-

The 1200m level contains Cupanieidites orthoteichus, Proteacidites grandis,

P. leightonii, P. psuedomoides and P. reticuloscabratus which all first

versus Zone In all, some 14 species whose

appear at the base of the M. di - In all ’ n A

appear at the e M. di

ranges begin in the M. diversus Zone are found here.

9. p. asperopolus Zone - Early-Mid Eocene, 934-965m.

Heliciporites astrus, which first appears in the P. asperopolus Zone is
found here. Species whose ranges terminate in the M. diversus Zone are

not found here.

10. Lower N. asperus Zone - Late Eocene, 887m.

pProteacidites rectomarginis, which begins its range in the upper part of the
lower N. asperus Zone is found here. None of the species whose ranges

terminate at the top of the P. asperopolus Zone are found here.

DINOFLAGELLATES.

The dinoflagellates identified are listed on Table 2 and the ranges of
diagnostic species shown on Figure 2. Precise ranges are known for only
the diagnostic species. Although ranges for the other species are not
documented, the age of the type specimen is usually available, and is

used as supporting evidence.

Cretaceous dinoflagellate zonation follows the scheme presented in Stacey
(1982). There are no descriptions or diagnoses of the zones, but the

text suggests that the first appearance of the nominate species designates
the base of the zone and the first appearance of the nominate species of

the next younger zone designates the top of the zone. The scheme presented
in Stacey (1982) is a modification of that origiﬁally devised by Evans (1966)
who clearly designates his zones by the method described above. Consequently,

this method is adopted in this report.



It should be noted that the ranges of most of the nominate species extend

beycnd the zone
species, Xenikoon australis, below its zone, in the older Nelsoniella
aceras Zone. If this is not downhole contamination, then the extension

of its range downwards contradicts the method used for zonation. However,

experience.

Tertiary o over et al
(1979), but these zones have not been described either, so the diagnostic
features are not known. It is assumed here that the method described for
Cretaceous Zonation applies to the Tertiary. However, nominate species of
Tertiary Zones are not often seen, so that assemblages cannot be placed in
any zone, but if the ranges of the species in the assemblage are considered,

they indicate a time which is in agreement with the pollen evidence.

1. 23680-4098m, Indeterminable.

Extremely poor preservation is the reason for this zone being indeterminable.
The uncertainty of the upper boundary is the result of poor preservation as
well. Identification of Odontochitina porifera, the dominate species of
the overlying zone, relies on its distinctive horns which may be broken off.
Thus the lowest recorded identification occurs in 3015m, but specimens with
broken off horns, recorded as Odontochitina sp. in Table 2, occur down to
3720m, and some of them could be 0. porifera. In 3600m, specimens of
odontochitina spp. are relatively common, so the likelihood of some being

0. porifera is increased.

There is one specimen in 3800m which resembles a badly deformed Conosphaeridium
striatoconus. Cookson (1965) notes the frequent association of C.
striatoconus and Amosopollis cruciformis in several wells of the Otway Basin.
A. cruciformis occurs in 3720m, 3760m and possibly in 4014m (see Table 1),

all poorly preserved. Thus this evidence would suggest the C. striatoconus
Zone (see Figure 2), but it is unwise to rely on these uncertain
identifications of very poorly preserved specimens. The palynological

evidence is insufficient for a reliable zone designation.



2. Odontochitina porifera Zone - Coniacian into earliest Santonian,
2815-23600m.

O. porifera is present and Odontochitina spp. are relatively common. Some
of the poorly preserved specimens in the lower part of the zone are probably

O. porifera (see discussion, page 4).

3.Isabelidinium cretaceum Zone - Santonian, 2650-2775m.

I. cretaceum is present throughout the Zone.

4. Nelsoniella aceras Zone - Late Santonian into Early Campanian,
2175-2590m.

N. aceras first appears at 2590m and is present through most of the Zone.

»

5. Xenikoon australis Zone - Middle Campanian, 2015-2130m.

X. australis first appears at 2130m and is present throughout the Zone.

6. 1700-1870m.

Dinoflagellates are present in low or trace quantit?es throughout this
interval. Only long ranging species have been identified. The evidence
is insufficient for zoning, but it does not contradict the spore-pollen
evidence.

7. Isabelidinium pellucidum Zone - Late Campanian into Earliest Paleocene,
1244-1613m.

The long ranging I. pellucidum Zone of Evans (1966) is not used in Stacey
(1982). However, the shorter ranging zones in the latter are not found
here except for one occurrence of Isabelidinium korojonense (discussed

further below), so it i$ useful to retain this older, longer ranging zone.

I. pellucidum is present through most of the interval, sometimes relatively

common.

8. Isabelidinium korojenense Zone - Late Campanian into Early Maastrichtian,
1522m.

There is only one occurrence of this species. The zone occurs within the

longer ranging I. pellucidum Zone.

9. 1210m - Paleocene.

Isabelidinium bakeri occurs here. This species is restricted to the early

part of the Paleocene (see Figure 2).



10. 984-1000m and 1108-1200m - Early Eocene.

Dinoflagellates occur throughout these intervals but species diagnostic of
zones have not been found. The ranges of all the species are in agreement

with the Early Eocene M. diversus spore-pollen Zone.

11. Corrudinium incompositum Zone - Late Eocene, 887m.

The presence of this species indicates the Zone.

PALAEOECOLOGY.

Almost.all of the deposition occurred under marginal marine conditions.
There are four minor intervals of non marine deposition, 1910-193%9m,
1663m, 1054m and 984-1000m respectively. The top of this sequence, 887m

is marine.

PRESERVATION and ABUNDANCE.

A feature of the deeper levels of this well is the poor preservation which
gets progressively worse with depth. As well, the abundance of spores

and pollen is low, decreasing with depth.

Samples prepared for kerogen assessment showed an abundance of very fine
particulate matter, some of it rod-shaped, and this is consistent with
bacterial activity. Thus the scarcity of pollen probably results from
initial destruction, before burial in the sediments. Alteration after
burial has had an effect as well, especially in the deepest levels. Here,
the spores and pollen are darker in colour, frequently deformed and the

finer morphological features obliterated.

Dinoflagellates show these same trends in preservation and abundance, but

to a lesser degree.

B. COMPARISON of RESULTS from SIDEWALL CORES and CUTTINGS.

Cuttings were supplied for urgent determinations. The necessary accelerated
procedure for the treatment of the samples gives satisfactory results but it

is not as good as the slower, normal procedure given to non-urgent samples.
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limited. There was no time for a review or a cross check to make certain
that the determinations were correct.

Determinations of T. pachyexinus Zone from cuttings for 2850-2935m are the
same as those from sidewall cores. A result of C. triplex Zone from
cuttings for 3165-3295m has not been confirmed by the sidewall cores which
are indeterminable. The C. tripiex Zone determi
presence of two species which first éppear at the base of this zone but
which continue into the Campanian, at least. Thus downhole contamination

would be possible and cuttings from this interval were not washed: The

sidewall cores failed to yield either of these two species.
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APPENDIX NO. 7

BASIC HYDROCARBON SOURCE ROCK POTENTIAL

ANALYSIS OF BRIDGEWATER BAY No. 1
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HYDROCARBON SOURCE ROCK

BRIDGEWATLR BAY NO. 1

SUMMARY

Organic geochemical analyses performed on well cutting
samples between 1130m to 4200m in the Phillips Australian
0il Company, Bridgewater Bay No. 1 well drilled in
Vic-P-14 offshore Victoria, Australia in the Otway Basin

have indicated:

° The rocks from 2800m to 3200m are marginally mature and
considered to be in the initial stages of petroleum
generation. Reliable maturity data is unavailable for
the remaining intervals penetrated by this well, however,
we suspect that the maturity at the bottom of the
well does not exceed 0il generating maturation levels.

° The rocks between 2700m to 3550m have an overall poor
0il and gas source character with marginal to moderate
hydrocarbon source potential at 2700m, 2945m and 3050m.

° The rocks below 3550m are contaminated with an oil base
mud additive, which has affected the total organic carbon
and pyrolysis results. The Cl-C7 1ight hydrocarbon
results appear to be unaffected, however the values are
low and indicate these rocks have poor oil and gas

generating capabilities.

A

PAUL TYBOR




INTRODUCTION

Organic geochemical analyses have been pérformed on well
cutting samples between 1130m to 4200m in the Phillips
Australian 0il Company's Bridgewater Bay No. 1 well,
drilled in Vic-P-14 offshore Victoria, Australia in the
Otway Basin (38° 32'26"S; 141° 21'48"E).

The purpose of this study has been to evaluate the hydrocarbon
source quality (oil vs gas), richness and state of thermal
maturity (pre oil, oil-generative, post oil-generative) of

the rocks analysed from this well.

Analytical

The samples from this well were assigned the Analabs Job
Number 31840. A total of two hundred and seventy-seven (277)
wet canned well cuttings were submitted to Cl-C7 light
hydrocarbon head space gas chromatography. Another thirty-one
(31) samples, which were picked and high graded by Phillips
personnel, were analysed by % total organic carbon and Rock-
Eval pyrolysis analysis. Four (4) samples were chosen for
vitrinite reflectance, and these were sent to David Marchioni

and Associates for assessment.

The results of these analyses are presented in the following:

Type of Analysis Figure Table
Cl-C7 light hydrocarbon head space gas 1 1
chromatography

% total organic carbon determination 2 2
Pyrolysis analysis 2 2

Vitrinite reflectance and coal maceral 1,2,3

description



A description of the various analyses performed on these
samples is provided in the Theory and Methods section,

located at the rear of this report.

General Information

Copies of this report have been sent to Mr. Dave Murray

of the Phillips Australian 0Oil Company in Perth, Western
Australia. Any questions regarding the data or interpretations
given herein may be directed to either Mr. Paul Tybor or Dr.
Garry Woodhouse of Analabs, Perth, Western Australia.

All of the contents contained in this study are considered
proprietary to the Phillips Australian Oil Company, and are
treated as highly confidential material by all Analabs

personncl.,
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RESULTS AND INTERPRETATIONS

A. Thermal Maturity of Sediments

The maturity data available for samples from this well are
limited due to apparent poor quality organic matter,within the
sediments, and contamination added to the drilling mud.

Vitrinite reflectance was performed on four samples at 2800m,
3200m, 3600m and 4200m, with only the two samples at 2800m
and 3200m containing measurable vitrinite. Both samples gave
marginally mature reflectances (0.55 % Ro and 0.53 % Ro;
Figures 1, 2 and 3), which places these rocks in the initial

stages of petroleum generation,

Tmax pyrolysis temperatures were obtained from thirty-one (31)
picked cuttings samples. The temperatures in the contaminated
zone below 3600m are interpreted to be unreliable due to this
contamination. In the overlying uncontaminated section the
temperatures vary greatly, without any recognisable maturity
trend present. The pyrograms illustrate very erratic S2
peaks, the peak at which Tmax is recorded, which we interpret
to be due to the poor quality organic matter present in these

samples (ie. reworked, inertinite).

In summary, the sedimentary section penetrated by this well,
has probably experienced a low degree of thermal maturation,
based on the marginally mature % Ro values obtained at 2800m
and 3200m. Below these depths we can only speculate on

the maturity of the rocks, however, we feel that the
sediments do not obtain levels much higher than marginally/
moderately mature, and would be within the top to middle

portions of the o0il window.



.

B. Hydrocarbon Source Characterisation

Due to the drilling mud contamination present in the samples
below 3600m, it is difficult to determine -he hydrocarbon
source rock character of these sediments. However, the
Cl—C7

does not appear to have affected, as has the % T.0.C. and

light hydrocarbon headspace gas chromatography data

pyrolysis data. This gas data is low (Figure 1; Table 1),
and consequently we interpret these sediments have poor

hydrocarbon source rock characteristics.

The samples in the uncontaminated section contain good amounts
of organic matter (>1.0% T.0.C.; Figures 1 and 2; Table 2),
but the quality appears to be low due to the overall low
hydrogen index values observed (Figure 2; Table 2). As a
result, the potential yields are low (Sl+Sz; Figure 2; Table
2), which gives these sediments an overall poor hydrocarbon
source character. The samples at 2700m, 2945m and 3050m, have
moderate hydrogen index values, with marginal to moderate

potential yields.

In summation, the sediments between 2700m to 3600m have overall
poor o0il and gas source potential, with thin zones at 2700m,
2945m and 3050m having marginal to moderate oil and gas
potential at higher levels of thermal maturity.
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PE902246

This is an Enclosure indicator page.
The enclosure PE902246 is enclosed within the container PE900161
at this location in this document.

The enclosure PE902246 has the following characteristics:

ITEM_BARCODE = PE902246
CONTAINER_BARCODE = PE900161
NAME = Bridgewater Bay 1 Figure 1

(Appendix 7) ANA-LOG Hydrocarbon
Source Rock Evaluation C1-C7
Light Hydrocarbon

BASIN = OTWAY

TYPE =WELL

SUBTYPE =LOG

DESCRIPTION = Bridgewater Bay 1 Figure 1

(Appendix 7) ANA-LOG Hydrocarbon
Source Rock Evaluation C1-C7

Light Hydrocarbon
W_NO =W831
WELL_NAME = BRIDGEWATER BAY-1
CLIENT_OP_CO = PHILLIPS AUSTRALIAN OIL

COMPANY
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PE902245

This is an Enclosure indicator page.
The enclosure PE902245 is enclosed within the container PE900161
at this location in this document.

The enclosure PE902248 has the following characteristics:

ITEM_BARCODE
CONTAINER_BARCODE
NAME

BASIN

TYPE
SUBTYPE
DESCRIPTION

W_NO
WELL_NAME
CLIENT_OP_CO

= PE902245

= PE900161

= Bridgewater Bay 1 Figure 2
(Appendix 7) ANA-LOG Hydrocarbon
Source Rock Evaluation

= 0OTWAY

=WELL

=LOG

= Bridgewater Bay 1 Figure 2
(Appendix 7) ANA-LOG Hydrocarbon
Source Rock Evaluation S1, S2, S3, HI,
Ol & PI

=W831

= BRIDGEWATER BAY-1

= PHILLIPS AUSTRALIAN OIL
COMPANY
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PES02244

This is an Enclosure indicator page.
The enclosure PE902244 is enclosed within the container PES00161
at this location in this document.

The enclosure PE902244 has the following characteristics:

ITEM_BARCODE = PEQ02244
CONTAINER_BARCODE = PE900161
NAME = Bridgewater Bay 1 Figure 3 (Appendix

7) Vitrinite Reflectance & Coal Maceral
Identification

BASIN = OTWAY

TYPE = WELL

SUBTYPE = DIAGRAM

DESCRIPTION = Bridgewater Bay 1 Figure 3 (Appendix

7) Vitrinite Reflectance & Coal Maceral
identification

W_NO =W831
WELL_NAME = BRIDGEWATER BAY-1
CLIENT_OP_CO = PHILLIPS AUSTRALIAN OIL

COMPANY



DEPT. NAT. RES & ENV

SRIARRAN FLSURE :3
P PE9Q2244 VITRINITE REFLECTANCE AND COAL MACERAL IDENTIFICATION
CLIENT NAME : PHILLIPS AUSTRALIA DATE : MARCH 1984 WELL NAME : BRIDGEWATER BAY #1 CLIENT NAME :PHILLIPS AUSTRALIA DATE : MARCH 1984 WELL NAME : BRIDGEWATER BAY #4
DEPTH OR SAMPLE No : 2800 Meters SAMPLE TYPE : CUTTINGS DEPTH OR SAMPLE No : 3600 Meters SAMPLE TYPE : CUTTINGS
(Total No. of Readings = 2) 0.54 0.57 . (Totsl No. of Readings = 0)
VITAINITE REFLECTANCE —m—mM8M —————— —— MACERAL IDENTIFICATION — ——————— VITRINITE REFLECTANCE ——MACERAL IDENTIFICATION ——
POPUATION | MNo. of Nean Nin. Max. STD. i X 3 F 3 | POPULATION I No. of Nean I Hin. l [ I3 l 1 L 2 [ I3 1
[Nusber| 3 | Readings | Ro (X Ro (X Ao (X) | Dev. X Comsents Alginite | Exinite | Vitrinite |Inertinite Nusber] I | Aeadings | Ro (X) Ao (X Ro m Dev Comments Alginite | Exinite | Vitrinite|Inertinite
1 | 100 2 0.58 0.54 0.57 0.02__|INDIGENOUS (I) 0.00 80.00 25.00 15.00
N -]
N 20— 1] J
U ] ¥ ]
L) 4 B 4
8 : E 151
E 15 R ]
A ] 0 ]
0 ] F 10 NO MEASURABLE VITRINITE
o oad B ] -
E ] A ]
A ] D 54
0 s i ]
1 -
N . § ]
6 1 H ]
] ——rrT T
s —r——15 ——rrrr7r—T—rr—rrrrr 1 2 3
1 2 1 VITRINITE  REFLECTANCE
VITRINITE  REFLECTANCE
[ M
!
CLIENT NAME : PHILLIPS AUSTRALIA DATE : MARCH 1984 WELL NAME : BRIDGEWATER BAY #1 CLIENT NAME : PHILLIPS AUSTRALIA DATE : MARCH 1984 WELL NAME : BRIDGEWATER BAY #1
DEPTH OR SAMPLE No : 3200 Meters SAMPLE TYPE : CUTTINGS DEPTH OR SAMPLE No : 4200 Meters SAMPLE TYPE : CUTTINGS
)
‘ (Total No. of Readings = 3) 0.50 0.5 0.58 (Total No. of Readings = 0)
VITRINITE REFLECTANCE —8M8Mm8 8 ———— ——MACERAL IDENTIFICATION —— VITRINITE REFLECTANCE—— ——MACERAL IDENTIFICATION ——
‘ POPULATION | No. of Nesn Hin. Max. STD. : 1 I3 1 [ mu No. Nin. I I | I 3 r 1
Musber] X | Readings | Ro X | Ro (X | Ro (X} | Dev. Comments Alginite | Exinite | vitrinite [Inertinite Nu Rud: Ro_(X) Fh m bev. () Comments Alginite | Exinite | vitrinite|Inertinite
1 | 100 3 0.52 0.50 0.56 0.03__ | INDIGENOUS (T) 0.00 11.00 4.00 85.00
N 207
i N 20 v ]
i U N E
N B h
B E 154
, E 15 A ]
‘ A 0 )
) F 10 NO MEASURABLE VITRINITE
Foo A ]
E )
. A P
a ! 1 sy
i 0 5 1 .
1 N ]
, N § ]
1 g s P T T [T r—t—]
: —t———1 7T 1 2 3
1 2 3 VITRINITE  REFLECTANCE

[ VITRINITE  REFLECTANCE



TABLE 1

WELLNAME = BRIDBEWATER BAY M DATE OF JOB = JANUARY 1984

HEADSFACE ANALYSIS DATA

DEPTH (s HETHANE  ETHANE  PROFANE  ISOBUTANE  BUTANE C1-C4 C2-C4  YWETNESS  C5-C7 i-C4/n-C4
1130.0 157.17 29 .5 0.5 0.3 159.8 2.1 1.3 <0.1 1.83
1140.0 162,20 0.5 0.2 .4 0.2 163.4 1.4 9 0.1 1.83
1150.0 721.1 14.3 8.8 .1 3.3 753.6 32,5 4.3 <0.1 1.83
1160.0 164.3 1.4 0.7 0.4 0.2 167.0 2.7 1.6 0.1 1.83
1170.0 1.2 1.8 0.9 0.4 G.1 314.4 3.2 1. <0.1 2.8v
1180.0 1072.3 1.3 0.7 0.3 <0.1 1074.8 2.6 .2 +0.1 bdl
1196.0 934.6 6.2 0.3 0.1 0.1 §35.2 0.7 .1 10.3 bdl
1206.0 237.8 0.9 6.5 0.2 0.2 2397 1.8 .8 164.7 0.75
1210.0 240,6 1.3 0.7 0.3 0.3 243.2 .5 1.0 199.6 ¢.88
1229.90 87.9 0.6 0.4 ¢33 <0.1 §9.3 1.5 1.7 45,7 bdl
1236.0 145.6 b v.4 0.3 0.2 147,90 1.4 9 166.4 173
1240.¢ 062.2 2.2 0.4 0.3 .1 663.2 3.0 .4 26.5 2.4%
1250.0 479.5 1.4 0.3 0.z (0.1 481.1 f.6 ) 12.5 bdl
1260.0 2014.1 (O] 0.3 <.l G.2 2015.1 .G WU 70,8 bdi
1276, 0 1723.1 0.7 0.4 1 0.3 1724.7 £.5 .1 3Z.4 0. 4u
1283.0 1457.5 (U] .4 <0.1 0.2 1458.7 1.2 . 112.2 bdl
1310, 0 115.0 1.0 0.4 0. § 0. 116.4 1.4 1.2 46.9 bdi
1344.¢ 115.8 ¢.8 0.3 <01 0.1 116.5 1.1 9 34,0 bdl
1370, 4 232 i 0.7 0.1 <0.1 126.0 z.B 2.2 122.3 bdl
1430,0 47.9 i1 0.9 <@.1 0.1 31.0 3.1 6.0 §5.7 bdl
1430, 6 160.8 2.8 1.2 0.9 0.3 171.a 4.8 2.8 77.9 1.67
1460, 0 75,7 1 ¢.8 0.5 0.3 8l.4 3.7 4.5 67.5 1%
1454090 120.5 1.3 .6 0.3 0.1 122.8 2.3 1.9 67.4 .00
1596, ¢ 108.9 2.2 o9 0.4 0.2 112.0 3.7 3.3 87.4 .67
1526, ¢ 2315.6 3.9 1.3 0.8 0.4 £322.4 6.6 .3 24,0 .12
1550.9 183.6 a1 .9 .3 .1 187.0 3.4 1.8 39.9 2,26
1580, 250.4 (.9 0.4 0.2 (0.1 2920 1.5 ] 10,5 bdl
160y, 0 586.4 1.1 0.3 {01 0.1 587.8 1.4 .2 3.1 bdl
1630.0 7.6 1.8 1.4 6.7 0.6 12.6 4.4 36.9 0.4 1.1s
1640.0 10.4 1.8 1.7 .9 Lo 15.8 3.4 35.9 0.5 0.96
16604.0 14.0 1.7 1.4 6.7 1.3 19.2 a1 26.8 3.5 0.57
1670.0 8.7 .8 3.3 .6 1.4 17.9 .3 3.0 2.9 1.1s
1680, 0 9.8 .9 Z.§ 1.3 1.5 18.5 B.6 46.7 4.3 .86
1090.0 7.9 2.4 2.3 1.2 1.4 15.4 7.4 46.5 4.3 0.84
1765.0 12.3 2.0 2.8 1.2 2.3 1.1 6.8 41.8 3.6 ¢.53
17150 17.9 4.2 4.3 1.8 3.3 31.5 13.6 43.1 9.7 (.93
1720.0 6.9 1.5 1.4 6.3 4.3 14.6 5.7 35.0 .1 0.22
1730.0 11.4 1.3 1.3 .9 1.0 15.8 4.4 7.7 1.7 0.51
1740.0 27.7 3.0 4.2 1.5 1.2 39.7 12,0 30.2 4.0 1.24
1756.6 23.4 4.4 2,1 1.2 1.2 32.3 8.9 27.6 3.2 1.05
1760.0 18.86 6.3 51 1.3 0.8 32.4 13.7 42.1 0.7 1.84
1770.0 20.7 5.7 11.0 3.9 2.2 47.4 26.8 56.4 5.4 1.81
1760.0 16.3 5.9 6.6 2.6 2.8 33.8 17.5 o1.8 3.9 0.%90
1790.0 17.1 2.9 2.2 0.8 5.4 28.4 1.3 39.8 6.2 G.15
1800. 0 27.5 3.2 1.8 0.3 3.6 3b.6 5.1 24.9 7.0 0.15
1816.0 27.9 A 2.2 0.9 3.1 37.7 9.6 25.9 7.3 0.27
1820.0 13.5 15.7 14.5 4.0 1.8 49.4 3.9 74.6 15.1 2.3
1630, 4 43.7 11.9 9.5 2.3 1.7 70.1 26,4 37.6 0.7 1.9

N.B. 1. BAS CONCENTRATIONS EXPRESSED IN PPM (VOL. G6AS/VOL. SEDIMENT)
2. bdl = BELOW DETECTION LINIT
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TABLE 1 (cont)

WELLNAME = BRIDBEWATER BAY #1 : DATE OF JOB = JANUARY 1984

HEADSPACE ANALYSIS DATA

DEPTH{m) HETHANE  ETHANE  FROPANE  ISOBUTANE  BUTANE C1-C4 Cz-C4  7WETNESS  C3-C7  1-C4/n-Cd
1840.0 23.3 16.6 13.2 3.2 1.3 37.6 34,3 55.6 1.0 2.50
1850.0 9.3 15.4 10.9 .4 1.2 39.1 25.8 76.2 1.4 2.02
1860, 1.2 6.4 4.3 1.0 0.4 23.3 12.2 92.1 0.2 2,45
1870.0 15.4 13.0 9.8 Z.8 1.3 42.2 26.9 63.0 2.4 2,10
1880.0 20.3 10.9 8.6 3.1 1.7 4.6 24.3 94.5 4.8 1,79
1890. ¢ 13.1 16.1 7.3 2.6 1.2 34.5 21.4 61.9 1.8 2,10
1900.0 15.6 10.8 7.5 3.7 1.8 39.3 23.8 60.4 2.9 2.00
1910.0 23.3 10.0 7.8 3.6 2.3 47.1 236 50,1 6.7 1,97
1920.0 26.0 16.6 13.2 6.0 3.5 63.3 39.3 60.2 12.7 1.74
1930.0 26.8 7.3 4.6 2.2 1.0 41.9 15.1 Jo.0 3.0 2.2
194¢.0 21.1 12.8 9.2 3.8 1.9 34.8 27.7 50,0 3.9 .01
1990, ¢ 12.5 3.9 1.8 0.6 0.2 18.9 6.5 34.2 0.4 .42
1960.0 6z.3 36.1 20.7 6.5 2.8 128.4 6.1 3.3 3.2 2.36
1970.0 J6.6 41.5 22.9 7ed 3.6 132.1 75.4 37.1 3.9 2,10
198¢.0 44,5 46.6 12.3 3.7 1.4 108.0 4.1 59.0 1.4 2,57
1990.0 29.8 12.9 7.9 2.7 1.2 34.2 24.3 44.9 1.5 .20
2000.0 33.9 16.7 1.2 Z.4 1.0 81.3 27.4 3.7 3.0 2.36
2010.¢ 49.1 14.1 6.6 2.6 1.3 73.6 28,3 33.3 3.0 2.05
2020.6 36.9 10.2 9.6 2.2 1.1 37.9 19.0 32.8 2.6 2.0z
2030, 0 3.4 12.4 6.8 2.8 1.2 74.6 23.2 KIS 3.0 2.31
2040G.0 42.9 1.8 4.1 2.1 f.1 97.9 15.0 25.9 4.5 1.596
2051,90 46,0 10.1 6.4 2.6 1.3 00.4 20.4 337 3.4 .11
2060,0 45.9 10.6 6.1 2.8 1.3 06.5 20.6 3. 2.4 1.96
2076.0 43.7 9.2 3.3 2.3 1.9 6.1 18.5 28.8 Lo 1.54
20809 §0.0 1.3 3.7 2 1.1 100.5 20.5 20.4 2.8 2.14
2050. ¢ 81.9 13.5 7.5 2.8 1.4 109.5 27.6 3.3 3.z 1.97
2093.G 78.0 19.9 14.4 6.2 2.5 121.4 43.4 35.7 4.9 2.10
2120.0 18.9 4.4 2.9 1.6 0.9 28.7 9.8 34.1 3.4 1.72
2130.0 3.4 4.8 3.3 2.0 1.2 47.7 11.4 23.8 3.6 1.70
2140.0 50,0 2.3 3.2 4.0 f.3 61.8 11.8 15.1 34 1.57
2130. ¢ 48.5 6.3 3.7 2.2 1.2 6Z. 0 13.5 21.8 3.3 i.82
z160.0 11.9 2.5 1.4 (.6 0.4 lo.B 4,9 5.0 5.0 1.36
2170.0 17.9 Lo 1.9 0.7 0.6 24.8 6.9 7.7 7.1 1.20
2180.9 04.3 7.0 5.4 3.7 {.4 8z.3 18.0 1.9 2.0 2.76
2190, 0 17.6 9.1 5.4 1 0.9 93.2 17.6 18.4 1.3 .23
2206.9 75.1 8.0 4.9 2.0 0.5 91.4 16.3 17.9 1.5 2,15
2210.0 139.2 11.8 6.0 2.3 1.1 160G.3 21.1 13.2 2.0 2.07
2726.0 63.3 7.2 4.4 2.1 1.3 80.2 4.9 18.6 2.1 1,66
2230.0 1117 14.0 6.1 2.2 0.9 134, 3.2 17.2 7.4 2,34
2249.0 279.3 36.5 15.8 4.7 2.3 338.6 99.3 17.5 4.2 2.09
2250.0 309.6 38.3 13.0 3.0 0.9 364.9 35.3 15.1 1.3 3.20
2260.0 427.1 45.7 17.3 3.3 1.2 494.9 87.8 13.7 2.9 2,50
2270.0 443.1 46.3 16.4 3.6 1.2 3127 69.6 3.6 2.1 .9
2280.0 473.9 36.9 15.8 3.0 0.9 482.5 38.6 12.1 1.2 3.23
2290.9 476.1 48.3 17.9 3.1 1.3 546.7 70,6 12.9 1.3 2.4z
2300.0 695.7 52.4 17.8 2.9 1.0 709.7 74.1 9.6 1.2 .59
2310,0 912,35 50.2 12.2 1.9 0.6 977.4 64.5 0.6 0.7 3.22
2326.9 453.7 44.2 14.0 2.4 0.9 5153.3 61.95 11.3 1.3 2.63

N.B. 1. BAS CONCENTRATIONS EXPRESSED IN PPN (VOL. BAS/VOL. SEDIMENT)
2. bdl = BELOW DETECTION LIMIT



WELLNAME = BRIDGEWATER BAY 41

DEFTH(s)
2330.0
2335.0
2350.0
2300.0
2370.0
2380.0
2390.0
2400.0
2410.0
2420.0
2430, 0
2440.0
2450, 0
2460.0
2470, ¢
2480.9
2490.0
2500, G
2510.¢
7520,0
2330.0
7340.0
2550, ¢
2560.0
2570,0
2980.9
2590.0
2600, 0
2610.0
2620.0
2630.0
2640.0
2650.0
2660, 0
2670.0
2680.0
2650.0
2706.90
2710.0
2720.0
2736.0
2740.0
2750.0
2760.0
2770.0
2780.0
2790, 0
2800.,0

HETHANE
583.6
1516.8
490.0
560.1
543.3
037.9
1343.0
1731.8
1575.9
1037.7
946.4
2B83.8
263.1
490.0
118.1
218.4
673.5
353.4
952.2
635.3
471.5
427.9
610.9
413.8
649.7
554.0
801.9
§68. 6
1497.1
1122.0
837.0
492.1
476.3
203.6
621.7
1042.5
1842.1
362.6
1096.4
133%.7
759.1
1162.7
892.7
1437.9
1399.0
2239.1
1697.1
1349.2

N.B.

ETHANE
62,6
208.4
B4.9
87.3
126.4
111.9
118.8
191.5
126.3
151.6
111.9
35.4
3Z.4
0.6
23,7
2.6
97.3
95.2
B6.3
9.5
01,3
63.4
17.6
38.9
62,9
73.7
117.3
120.8
159.6
152.8
101.3
74.6
68.1
27.0
37.8
103.3
382.5
36.0
174.8
195.4
126.8
138.2
80.7
149.6
112.6
171.5
94.1
87.2

1. 6A5 CONCENTRATIONS EXFRESSED IN PPM (VOL. BAS/VOL. SEDIMENTI

TABLE

{ (cont)

HEADSPACE ANALYSIS DATA

PROFANE
16.8
97.4
23.5
21.8
39.6
4.6
5.9
76.6
96.3
73.1
54.0
27.6
23.9
45.7
25,6
17.3
63.9
45.7
71.9
b0 6
36.0
53.7
45.9
3.7
49,2
od.1
107.7
96.7

108.3
95.1
78.0
39.0
47.9
30.6
47.0
B1.3

465.0
63.2

169.7

149.2

100.0

107.9
51.2

118.6
69.2

103.9
59.0
64.8

ISOBUTANE
2.8
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3.3
23.8
26.1
18.8
26.6
13.3
1.2
31.4
151,90
27.4
64.7
53.0
36.7
35.0
16.2
35.9
25.6
36.0
21.0
25.7

2. bdl = BELOW DETECTION LIMIT

BUTANE
0.9
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25.0
18.7
6.9
18.6
26.6
13.8
9.4
14.9
29.0
23.8
23.4
21.5
20,0
14.3
18.9
5.6
13.1
20.4
146.9
18.7
36.9
28.3
21,3
28.5
17.2
33.6
30.4
25.9
16.2
17.1

C1-C4
606.5
1845.3
003.2
73.6
816.2
805.2
1534.6
2027.7
1761.1
1289.1
730.3
360.1
355.2
647.4
186.2
271.6
873.5
487.3
151.2
BI5.0
968.3
577.3
796. 0
396.6
786.7
7z8.9
1088,
1139.7
14159.7
1417,
1062,
638.
657.
284.1
764.8
1278.9
3033.4
528.95
1536.2
1765.9
1043.9
1472.3
1056. G
1795.5
1636.8
2582.0
1867.3
1544.1
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96,3
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149.4
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142.8
139.9
174.3
2Bb.6
AN
322.6
295.2
225.3
146.8
181.2
80.5
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236.4
1191.3
165.9
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426.2
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145.3
357.7
237.8
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194.5
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WELLNAME = BRIDGEWATER BAY 81

DEPTH{aj
2810.0
2620,0
2890.0
2900.0
2910.0
2920.0
2930, 0
2940.0
2950.0
2960.0
2976G.0
2980.0
299G, 6
3060, 0
3010.0
3020.0
3030.0
3040.0
3050.0
3060. 0
3076.0
308G, 0
309G, 0
3100.0
31100
3120.0
3136.0
3140,
315G.0
3160.6
317¢.0
318¢.0
3150,0
3200.0
3710.0
32Z24.0
3230.0
3240.0
3250.0
3260.0
3270.0
3280.0
325G, 0
3300.0
3310.0
3320.4
3330, 6
3340.0

HETHARE
913.6
1314.2
1510.8
1852.2
875.6
1556.7
1856.5
1170.8
1168.3
1254.0
1183.6
1069.5
B32.0
1296.2
1705.8
1374.7
1392.1
750.9
915.1
847.7
749.6
987.6
1393.4
1222.9
1146.4
461.2
968.3
766.9
707.9
815.1
BofB. 0
801.9
813.8
§98.9
1211.5
709.4
897.9
B887.0
577.4
607.2
507.0
1211.4
1440.3
1435.2
1156.9
1266.4
1008.6
720.8

ETHANE
96,3
87.9
165.3
231.8
127.5
187.6
234.5
179.9
191.1
211.0
129.6
135.8
126.8
214.4
232.9
191.9
174.9
110.1
143.5

96.6

95.0
101.0
107.5
116.9
138.4

33.3

74.5

98.8

92.2

83.3
110.3

{. BAS CONCENTRATIONS EXPRESSED IN PPM (VOL. BAS/VOL. SEDIMENT)

TABLE

1 (cont)

HEADSFACE ANALYSIS DATA

PROPANE
37.0
62.8
78.3

113.9
17.7
101,95
132.3
1140
116.8
118.7
62.7
71.8
76,2
110.9
106.%
§3.9
B86.0
61.7
78.9
43,1
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96.4
76.3
103.4
150.3
196.5
76.0
B6.4
76.2
74.1
83.8
75.9
124.0
139.4
212.7
143.0
138.4
251.7
95.4

I50BUTANE
13.3
20,9
20.6
28.4
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2. bdl = BELOW DETECTION LINIT

BUTANE
8.9
18.7
10.0
14.9
15.4
15.7
26.1
26.3
20.1
15.7
8.2
8.8
10.6
5.6
13.4
13.9
12.1
10.1
12.4
6.9
10.9
8.5
6.7
1.9
14.3
3.0
10.9
14.6
12.4
9.8
20,5
15.1
22.6
34.6
38.7
14.7
16.4
14.1
13.3
15.8
15.7
21.3
26.7
45.9
28.8
24.2
70.2
19.7

C1-C4
1029.1
1504.5
1785.0
2240.8
1117.7
1887.3
2281.5
1519.3
1517.5
1616.7
1392.7
1295.2
105¢.6
1653.8
2081.0
1694.3
1685.4

947.0
1170.5

997.6

923.0
1156.1
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910.4
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DATE OF JOB = JANUARY 1984

Cz-C4
115.4
150.3
774.2
388.6
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Z18.6
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LWETNESS
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12.6
15.4
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15.0
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17.8
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WELLNAME = BRIDGEWATER BAY #1

DEPTH{e)
3350.0
3360.0
3370.0
3380.0
3390.0
3400.0
3410.0
3420.0
3430.0
3440.0
3450, 0
3460.0
3470.0
3480.0
3490.0
3500.0
351G.0
3520.0
3530, G
3540.0
3560G.0
3570.90
3560.0
3590,¢
3600.6
3610.0
3620.0
3630.0
3640.0
3650.0
3660.0
3670.0
J68B0. 0
3650.0
3700.0
3710.0
3720.6
3736.0
3740.0
37506.0
3760.0
3776.0
3786.0
3790.0
3800.0
3810.0
1820.0
3630.0

HETHANE
654.8
792.7

1265.4
768.4
1012.6
90B. 1
275.3
1563.1
1897.9
1653. 6
100.0
044.9
1467.8
1852.6
1286.6
955.2
2317.6
1332.3
970.3
2462.8
571.0
1092.4
899.1
Job. |
285.8
186.7
131.7
278.2
984.6
1066. 6
823.3
1066.0
2636.4
B24.8
166.4
1106.2
947.7
559.1
1735.0
1130.5
621.0
344,2
650.8
994.5
1066.4
907.7
1385.4
1492.3

N.B.

ETHANE
88.0
139.3
229.5
110.4
135.4
115.3
191.1
264.2
285.7
240.5
18.6
86.7
163.5
250.5
160.7
120.6
341.1
228.7
128.3
342.2
3067.2
209.1
217.3
46.6
al.2
21.3
22.3
30.4
221.%
L6
175.5
200.7
370.06
165,90
36.3
209.9
209.2
115.3
315.4
140.0
4.2
44.6
89.1
184.3
197.7
146.3
299.8
308.5

6AS CONCENTRATIONS EXPRESSED IN PPM (VOL. GAS/VOL. SEDIMENT)
2. bdl = BELOW DETECTION LINIT

THBLE

1 (cont)

HEADSPACE ANALYSIS DATA

PROPANE
163.1
152.2
205.2

99.2
141.0
100.2
472.3
168.4
202.2
172.0

15.6

69.1
124,46
188.2
100.3

79.5
241.9
160.2
101.2
226.0
416.3
208.4
333.7

87.2
139.8

47.4

51.9

43.8
221.1
259.5
196.5
143,46
485.2
146.0

34,2
1468.8
192,2

B6.5
212.9

92.9

61.2

38.3

$8.7
145.3
144.7
114.5
286.7
230.1

ISOEUTANE
35.3
46.5
53.6
29.9
43.0
29.9

191.6
31,0
47.9
38.9

3.6
17.9
29.9
39.4
20.9
7.0
47.6
26.7
2.9
39,7
§3.6
33.9
6Z.6
13.2
28.3

8.0
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BUTANE
21.8
27.8
30.1
17.1
25.9
16.6

164.7
18.1
34.8
26.9

2.6
1.1
21.4
30.9
14.1
11.0
35.1
19.2
18.3
32,7

163.3
5.9
83.2
17.3
31.4
10.2
11.2

8.0
98.8

105.3
B8l.6
63.9

257.3
62.6
20,6
73.9
98.8
30.0
93.0
33.8
22.0
12.6
30.5
89.6
36.6
44.6

137.2

106.0

C1-C4

902.9
1158.4
§1783.7
1024.9
1357.5
1170.1
1233.3
2044.7
2468.6
2133.9

140.4

823.3
1807.2
2361.8
1582.6
1183.9
2980.7
1987.1

124141

310%.5
6243.4
1589.7
1396.0
332.4
336.5
275.7
225.0
37,2
1557.5
1690.8
1311.7
1489.5
4021.4
1215.9
263.0
1584.0
1477.4
8G3.2
2383.3
1411.4
789.0
445.8
850.8
1416.4
1485.2
1231.9
2153.5
2172.8

DATE OF JOB = JANUARY 1984

Cz-C4
248.2
365.7
518.3
256.6
344.9
262.0
979.8
481.6
370.7
478.3

46.4
178.4
339.4
509.0
296.0
228.7
665.7
434.8
210.7
040.7
5672.4
457.2
696.8
166.3
250.7

87.4

3.2

89.0
372.9
624.2
486.5
423.9
1383.1
395.1

56.6
477.8
529.7
284.1
630.3
280.9
166.0
101.6
200,0
§21.9
418.7
324.3
768.1
oB0. 4

IWETNESS

27.5
.6
29.1
25.0
25.4
22.4
78.1
23.6
23.1
22.4
28.8
.7
8.8
21.6
18.7
19.3
22.4
22,1
21.8
20.6
0.9
31.3
43.7
31.2
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19.9
21.3
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26.3
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£5-C7
13.2
16.5
16.3
12,3
18.3
11.3
142,40
13.8
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16.§
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77.0

’]

oo N o
P
wd 00 Ry LN <

Bt
d . CA g Cd e
M o=
-
o0

[
=
o
.
F

133.6
101.5
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34.5
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144.7
3.4
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73.1
46.7
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83.8
65.9
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1.76
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1,69

—
(=]
<

[
] ~d e
o

g - -

- . .
N rRO N RSN o N e LT o

N

= O~

N T e b s b s ba g e e b e e e
- - - - - . - -
w D s O oy o

=
Ll -
~4 oo
- oy

<
.

-
wn

0.88
0.9G
0.7
(.69
G.72
(.32
0.45
(.43
0.25
U.28
0.34
.27
0.35
0.30
0.41
0.28
0.42
0.46
0.49
(.38
0.33
0,35
0.42
¢.32
0.34
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NELLNAME = BRIDGEWATER BAY #1

DEPTH(m)
3840.0
3850.0
3866.0
38706.0
38B0.0
3890.0
3900.0
3910.0
3920.0
3936.0
3940, ¢
3950.0
3960, 0
3976.0
398¢.0
3990, 6
4006.0
4010.0
4020.0
4030.0
4040, ¢
4050.0
40560, 0
4070.0
4080.0
4090.0
4160, 0
4110.0
4120.0
4130.0
4140.0
4150.0
4160.0
4170.0
4180.0
4196.0
4200,0

HETHANE
1825.0
1558. 4
1067. ¢
1175.3
1586.9
1187.0
2484.0
1514.6

888.7
1627.0
2722.0
2322.7
1560.2
1820.7
1738.9
1238.5
2031.3
2699.3
2856.8

1844.7
1077.8
1773.0
407.3
468.4
238.2
405.8
950.8
434.4
240.8
247.1
157.3
349.8
478.9

N.B.

ETHANE
339.3
288.2
215.2
177.6
320.0
417
§58.6
280.6
150.5
322.9
409.3
322.1
225.1
208.3
236.3
148,90
254.5
389.9
296.7

71.6
6.2
34.0
282.9
196.6
B5.9
1400
To.1
54.9
0.3
70.8
93.0
75.6
37.7
4.5
31.6
82.8
98.5

1. 6AS CONCENTRATIONS EXPRESSED IN PFM (VOL. 6AS/VOL. SEDIMENT)

TRELE

{ (cont)

HEADSPACE ANALYSIS DATA

PROPANE
217.1
188.1
149.2
110.0
221.2
149.8
321.1
183.2

99.8
220.8
235.7
180.3
147.0
145.5
113.5

73.3
1110
194.3
132,90

ISOBUTANE
26.8
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2. bdl = BELDW DETECTION LIMIT

BUTANE
89.8
69.4
69.9
§0.7
92.9
60.8

153.1
0.2
40.6

112.7
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26.0
45.9
43.9
24.2
41.8
38.5

8.0
14.8
16.5
16.6
12.0

B.6
13.3

9.5
16.6

13.6

C1-C4
2498.0
2129.2
1540.0
1516.0
2248.3
1659.4
3497.4
2084.5
1193.6
2523.3
3492.9
2936.2
2032.7
2325.8
2151.9
1497.7
2454.5
3554.2
3352.5
1110.4

635.6

706.3
3975.8
2258.3
1282.5
2115.6

656,68

376.1

394.0

366.0

760.5

992.8

324.9

354.6

276.4

332.9

009.3

DATE OF JOB = JANURRY 1984

C2-C4
873.0
570.8
453.90
340.7
061.4
472.4
1013.3
970.0
304.9
695.6
771.6
613.6
472.5
505.1
413.6
259.2
4:3.7
654.9
535.8
170.5
106.5
143.9
598.3
413.6
204.7
J42.6
249.5
107.6
135.8
160.2
209.7
158.3
84.1
107.5
79.1
183.1
130.4

1NETNESS
26.9
0.8
29.4

22,5

C3-C7
117.8
8.0
1062.3
51.0
105.1
61.2
171.5
52.4
42.7
148.1
99.6
97.6
106.9
87.0
39.6
3.3
42,9
go. 7
74.3
33.8
30,0
Jo.4
63.0
129.5
3Z.4
33.6
2.1
21.0
29.6
3.5
23.90
16.0
20.6
38.9
21.0
25.0
31.5

i-C4/n-C4
0.39
0.36
0.27
0.30
.29
0.33
0.26
0,30
0.35
.35
0.35
0.36
0.35
¢.39
.33
0,37
.33
0.4
0.33
0.42
0.40
0.45
0.04
0.50
0.51
(.92
0.53
0.46
.90
0.44
0.51
0.50
0.46
0,41
0.48
0.53
0.46
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DEPTH(a)

THAX
5145
PC
01

2700.0
2750.0
2800.0
2850.0
2506.0
2945.0
3000, 0
3050.0
3100.0
3150.0
3200.0
3250.0
3300.0
3350.G
3400.0
3450.0
3500.0
3550. G
3000.0
3630. 0
3700.0
3750. 0
3800.0
3850.0
3900.0
3950.0
4000.0
4045.0
4100.0
4150.0
4200. 0

2

THAX
421
483
330
428
501
336
302
303
474
433
508
435
436
454
433
436
428
434
429
431
427
430
429
3t
432
429
425
427
428
426
431

Max. teaperature 52
Potential vield
Pyrolvsable carbon
Oxvgen Index

51
0.66
0.13
0.13
0.13
0.17
0.22
0.21
0.25
0.21
0.19
0.26
0.18
0.30
0.24
0.23
0.33

0.30

2.72
2.64
2.4
0.63
3.76
1.60
2.7
0.69
1.41
0.94
1.14
3.13
0.71
3.82

TRELE 2

ROCK-EVAL PYRGLYSIS DATA (two run)

52
1.76
0.63
0.67
0.30
1.46
2,66
1.03
1.71
0.86
0.66
1.39
0.68
1.06
1.02
0.68
0.73
0.38
1.40
B.58
1.42
0.71

77.34

21.86

15.11
1.82

12.33
5.40
9.38

21.08
3.36

51,640

51
53
T0C
nd

53
1.23
0.24
0.27
0.20
0.64
0.63
0.62
0.70
0.46
0.61
0.86
0.58
0.57
0.53
0.44
G.61
0.35
0.75
1.58
1.10
0.59
3.46
2.50
4.94
0.67
.16
1.06
1.91
3.00
1.10
5. 14

no data

51452
2.42
0.76
0.80
0.43
1.63
2.88
1.24
1.96
1.07
0.85
1.65
0.86
1.36
1.26
0.93
1,06
0.68
4.12

11.22
3.87
1.34

81.10

23.44

47.88
2,51

13.74
6.34

10.52

24,21
4.07

99.42

§2/83
.43
2,43
2.48
1.50
2,28
4.22
§.66
2.44
1.87
1.08
.62
1.17
1.86
1.92
1,99
1.20
1.09
1.87
.43
1.29
1.20

14.16
8.74
9.13
2.72

10.63
5.09
4.91
7.03
3.05

10.04

Volatile hydrocarbons (HC)
Organic carbon dioxide
Total organic carbon

52
Pl
HI

DATE OF JOB = FEBRUARY 1984

PC
.20
0.00
0.07
0.04
0.14
0.24
0.10
0.16
0.09
0.07
0.14
0.07
0.11
0.10
0.08
0.09
0.06
0,34
0.93
0.32
0.11
6.73
1.95
3.97
0.21
1.14
0.53
0.87
2.01
0.34
4.60

HC oenerating potential
Production index

T0C
.18
1.12
0.94

1.06

—
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11.82
4,22
7.01
.24
2,57

LT3

2.26
4.78
0.98
.55

Hydrogen index

H1
i49
56
71
28
1
211
73
130
68
45
116

n
'S

36
o
a7
59
43
30
240
125
73
654
518
643
145
479
32
415
44
342
540
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4
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THEORY AND METHODS

July, 1983

This section details a series of geochemical methods which are commonly used in our laboratory, including

those used to obtain the data presented in this report. Where applicable, the discussion is accompanied by
a summary of the general theory used to interpret the data generated by each method.

1.

SEDIMENTARY GAS ANALYSIS

a) Headspace Analysis

b

~

a)

b)

c)

d)

Headspace analysis is carried out using scaled containers (usually tinned cans) of wet cuttings. The
containers are approximately three quarters filled with the cuttings and water to leave an appreciable
headspace into which volatile hydrocarbons contained in the cuttings diffuse.

After covering about lcmZ of the container 1id with liquid silicone and allowing the silicone to dry,
the procedure involves placing a small hole in the 1id through the silicone, then sampling an aliquot
of the headspace gas with a gas injection syringe, and finally gas chromatographing this sample of gas
under the following conditions: instrument = Shimadzu GC-8APF; column = 6' x 1/8" Chromosorb 102;
column temperature = 110°C; carrier gas = nitrogen at 23mls/min; injector temperature = 120°C; detector
temperature = 120°C; analysis cycle = Cx-C‘ components are flushed from the column in the forward dir-
ection and then the CS-C7 compounds are removed from the column by backflushing.

The integrated areas of peaks representing each of the Cl-C7 components of the headspace gas are compared
to the areas of the corresponding components of a standard gas of known composition. The calculated
amount of each component in the sample gas is adjusted for the total headspace volume and reported as

ppm (parts of gas per million parts of sediment by volume).

Data from headspace analysis is commonly used to identify the zone of o0il generation by piotting gas
wetness (CZ-C4/C1-C4) expresscd as a8 § against sediment burial depth. Gas containing appreciable quan-
tities of CZ'CA components, termed wet gas (Fuex, 1977), is generally considered to be gas associated
with oil generation. 1In addition, the ratio of isomeric butanes can sometimes be used for assement of
sediment maturity (Alexander et al., 1981). The amount of gas in sediments can be used to identify zones
of significant gas generation and out-of-place gas (LeTran et al., 1975).

Cuttings Gas Analysis
This analysis is the same as Headspace Analysis with the exception that instead of analysing the gas in
the container headspace, a known volume of the wet cuttings are transferred to the blender bowl of a

Kenwood electronic blender with the 1id modified to incorporate a septum, water at 75°C is added to leave
a headspace of 160ml, and the mixture is blended at maximum speed for 2 minutes. Following a 2 minute
settling period 1ml of the blending bowl headspace gas is analysed as described in section 1 a).

It is recommended that for the most meaningful gas data both headspace and cuttings gas analysis are
carried out. In such cases we provide tabulations of the headspace, cuttings gas, and combined head-
space/cuttings gas data, Normally, the combined data is used for plotting purposes.

SAMPLE PREPARATION

Cuttings
Cuttings samples are inspected by our qualified geological staff and then water washed according to the

level of drilling mud and the lithology. In special cases (e.g. diesel contaminatjon) it is necessary to
lightly solvent wash samples. After washing, the samples are air dried, either sieved or picked free of
cavings, and crushed to 0.1mm using a ring pulveriser.

Sidewall Cores

Sidewall samples are freed of mud cake and any other visible contaminants, and are also inspected for
lithologic homogeneity. For homogeneous samples, the minumum amount of material required for the reque-
sted analyses is air dried and hand-crushed to 0.1lmm. For non-homogeneous samples, the whole sample is
air dried and handcrushed to 0.1lmm,

Conventional Core and Outcrop Samples

These sample types are firstly inspected for visible contaminants, and where applicable, are freed of
these contaminants to the best of our ability. Commonly, the surface of conventional core and outcrop
samples are lightly solvent washed. The samples are then crushed to approximately 1/8" chips using a
jaw crusher, air dried, and finally further crushed to 0.1mm using a ring pulveriser.

Petroleum/Aqueous Mixtures

The most common sample type in this catagory are RFT tests containing oil, water and mud. The mixture is
placed in a separation funnel and allowed to stand for several hours which enables the petroleum and
water/mud fractions to separate. The neat petroleum is isolated by removal of the lower layer (water/
mud) from the funnel. To remove the last traces of water and mud, the neat petroleum is centrifuged at

moderate speed.

When the volume of petroleum accounts for only a very small part of the sample the method above is unsat-
isfactory and the petrolcum is solvent extracted from the mixturce with dichloromethane. The petroleum is
recovered by carcful evaporation of the solvent from the organic layer.



(i1)
TOTAL ORGANIC CARBON DETERMINATION

The total organic carbon value (TOC) is determined on the unextracted sediment sample. The value is
determined by treating a known weight of sediment with hot dilute HC1 for 1 hour to remove carbonate
minerals, and then heating the residue to 1700°C (Leco Induction Furnace CS-044) in a atmosphere of
pure oxygen. The carbon dioxide produced is transferred to an infra-red detector which has been cal-
ibrated with a series of standards, and the microprocessor of the Leco unit then automatically calcu-
lJates the v TOC in the sample. To ensure reliable dats a standard is run after every 10 samples,
Tegular sample repeats are carried out, and at least one blank determination is carried out for each
batch of samples.

The following scales are normally used for source rock classification based on § TOC data:

Classification Clastics Carbonates
Poor 0.00 - 0.50 0.00 - 0.25
Fair 0.50 - 1.00 0.25 - 0.50
Good 1.00 - 2.00 0.50 - 1.00
Very Good 2,00 - 4.00 1.00 - 2.00
Excellent > 4,00 > 2.00

ROCK-EVAL PYROLYSIS

Although & prelimenary source rock classification is made using TOC data a more accurate assessment
accounting for organic source type and maturity is made by pyrolysis analysis. Two types of Rock-Eval
pyrolysis services are offered: '"one run" which involves pyrolysis of the crushed but otherwise untr-
eated sediment and "two run" which involves pyrolysis of both the crushed, untreated sediment and sedi-
ment which has been rendered free of carbonate minerals by treatment with hot dilute HCl. The two run
service offers considerably more reliable S3 data,

The method involves accurately weighing approximately 100mg of the sample into a sintered steel crucible
and subjecting it to the following pyrolysis cycle:

Stage (i) - Sample purged with helium for 3.5 minutes in unheated part of pyrolysis

furnace;
Stage (ii) - Sample heated at 300°C for 3 minutes to liberate free petroleum (S1 peak);

Stage (iii) - Sample heated from 300°C to 550°C at 25°C/minute to produce petroleum from
kerogen (S2 peak). The furnace is maintained at S50°C for one minute.
Carbon dioxide produced during this pyrolysis up to 390°C in the case of
"one run" and 550°C for "two run" is absorbed on a molecular sieve trap;

Stage (iv) - During cool-down period the carbon dioxide produced during pyrolysis is
mea sured (S3 peak).

The units used for Rock-Eval data are as follows:

Sl’ Sz. S = kg/tonne or mg/g of rock

3
Tonnx - ¢
Hydrogen Index = sZ x 100
T
Oxygen Index - 53 x 100
T0C T

Rock-Eval data is most commonly used in the following manner:

(1) Sl - indicates the level of oil and/or gas already generated by the sample

according to the following scale:

Sl (mg/g or kg/tonne) Classification
0.00 - 0.20 Poor
0.20 n.40 Falr
0.40 - 0.B80 Good
0.80 - 1.60 Very GCood
> 1.60 Excellent
(i1) 51652- referred to as the genetic potential this parameter is used for source
rock clanssificntion according to the (ollowing criteria:
Slosz (mg/g or kg/tonne) Classification
0.00 - 1.00 Poor
1.00 - 2.00 Marginal
2.00 - 6.00 Moderate
6.00 - 10,00 Good

10,00 - 20,00 Very Good



i

(1i1)
(iii) Sl/(SIOSZ) - this paramcter is the production index (P1) which is a measure
of the level of maturity of the sample. For oil prone sediments,
values less than 0.1 are indicative of immaturity, the values
increase from 0.1 to 0.4 over the o0il window and values greater
than 0.4 represent overmaturity. For gas prone sediments, the
PI data shows 8 relatively smaller change with increasing maturity.

(iv) Tmax - the temperature corresponding to the SZ maxima. This temperature
increases with increasingly mature sediments. Values less than
430°C are indicative of immaturity while values from 430/435 to
460°C represent the maturity range of the oil window. T values

max
greater than 460°C are indicative of overmaturity.

(v) HI, Ol - the hydrogen ([Szx100]/TOC) and oxygen ([SsxloollTOC) indices when
plotted against one another provide information about the type of
kerogen contained in the sample and the maturity of the sample.

Both parameters decrease in value with increasing maturity. Samples
with large Hl and low Ol are dominantly oil prone and conversely

sample:with low Hl and large Ol are at best gas prone.

EXTRACTION OF SEDIMENT SAMPLES

Crushed sediment (maximum of 250g) and 300mls of purified dichloromethane are placed in a 500ml con-
ical filask and are then blended for ten minutes with a Janke and Kunkel Ultra-Turrax T45/2G high
efficiency disperser. After a ten minute settling period the solvent is separated from the sediment
using a large Buchner filtration system. The extract is recovered by careful evaporation of the
solvent on a steam bath and weighed. The weight of extract is used to calculate $ EOM and ppm EOM

using the following formulas:

Wt EOM (g) x 100

$ EOM = —_—
Wt Sediment Extracted (g) 1
Wt EOM {mg)

ppm EOM =
Wt Sediment Extracted (kg)

The following scale is used to classify the source rock richness of samples based on ch‘ extractables:

Classification ppm Total Extract
Poor 0 - 500
Fair 500 - 1000
Good 1000 - 2000
Very Good 2000 - 4000
Excellent > 4000

SEPARATION OF PETROLEUM INTO CONSTITUENT FRACTIONS

Sediment extracts and crude oil or condensate samples are separated into saturate, aromatic and NSO
(asphaltenes plus resins) fractions by modium pressure 1iquid chromatography (MPLC). That part of the
petroleum which is soluble in pentane is applied to the MPLC system via a sample loop and is then pumped
using pentane to a partially activated silicic acid pre-column which prevents further movement of the
non -hydrocarbon compounds, The hydrocarhon components are pumped further to a Merck Si60 column where
the saturate fractlon te ohtained by forward flushing and the aromatic fraction is recovered hy reverse
tlushing. This separation procedure is monitored using s refractive index detector, To complete the
separation the pre-column is removed from the MPLC system and flushed wlith dichloromethane: mothanol
(1:10). This non-hydrocarbon fraction is combined with the pentane insoluble material which is not
applied to the MPLC system, and is labelled as the NSO fraction. The neat fractions are recovered by

careful removal of the solvent hy distiliation and are weighed.

Tho welght of ecach fraction Ix used to calcuinte the § of each fraction in the petroloum snd the ppm

of each fraction Iin the sediment uccording to the following formulas:

Wt Fraction 100
\ Fraction » —«w—————— X "7
Wt All Fractions ]

Wt Fraction (mg)

ppm Fraction = -
Wt Sediment Extracted (kg)

The ppm hydrocarbon (saturstes + sromatics) and ppm saturate values can be used to classify source

rock richness and oil source potential respectively according to the following criteria:

Classificntion ppm_liydrocarbon ppm Saturates
Poor 0 - 300 0 - 200
tair AU 600 200 - aop
Good a0 - 1200 400 - Ao0

Very Good 1200 - 2400 800 - 1600



(iv)

The composition of the extracts can also provide 1nformution about their levels of maturity und/or
source type (LeTrun et. al., 1974; Philippi, 1974). CGenerally, marine extrscts have relutively low
concentrations of saturated and NSO compounds at low levels of maturity, but these concentrations
increase with increased maturation. Terrestrially derived organic matter often has a low level of

saturates and large amount of aromatic and NSO compounds irrespective of the level of maturity.

N.B. If requested by a client the NSO fraction is scparated into asphalentenes and resins by

conventional methods.

EXTRACTABLE/TOTAL ORGANIC CARBON RATIOS

The ratios of EOM(mg)/TOC(g) and SAT(mg)/TOC(g) are determined from the appropriate data. The EOM
(mg)/TOC(g) ratio can be used as u maturation indicator, especially if the purumeter is plotted
ugainst depth for a given scdimentary sequence. In an absolute sonse it is less reliable as o
maturation indicutor, although previous work (Tissot ot. al., 1971; LeTran et. al., 1974) suggests
that the following criteria can be used to determine maturity with this parameter:

<50 Low maturity
50-100 Moderate muturity
~100 High maturity

The ratios of EOM(mg)/TOC(g) and SAT(mg)/TOC(g) can be used collectively to provide information about
source type. For example, if SOM(mg)/TOC(g) is >100, suggesting a high level of maturity, but the
SAT (mg)/TOC(g) <20 it is very likely that the organic matter is gas prone. Conversely, the same EOM
{(mg)/TOC(g) value with 8 SAT(mg)/TOC(g) value >40 suggests oil prone source type.

C,,+ GAS CHROMATOGRAPHY

12
ClZ' gas chromatography is commonly carried out on the saturate fraction but in certain instances is
carried out on neat oil, condensate or extract, The analysis is carried out under the following con-
ditions: instrument = Shimadzu GC-9A; column = 50m x 0.2mm ID OV101l vitreous silica; column tempera-
ture = programmed from 60°C to 280°C at 4°C/min; injection system = Grob splitless using 8 30 sec.

dump time anq split ratio of 25:1; carrier gas = hydrogen at 2mls/min; injector temperature = 300°C; de-
tector temperature = 310°C; recorder/integrator speed = 0.5cm/min; Sample = 1lul of 0.5% soln in pentane.

The following information is commonly obtained from C12'~ gas chromatographic analysis:

(a) n-Alkane Distribution - The Clz-C31 n-alkane distribution is determined from the area under

peaks representing each of these n-alkanes. This distribution can yield information about
both the level of maturity and the source type (LeTran et. al., 1974).

(b) Carbon Preference Index - Two values are determined:

CPI(1) = (C23 + C25 + C27 + ng)wtt * (CZS . C27 + C29 + c}l)"t‘

2 x (C24 + C26 + CZB + CSO)Nt!

CPI(2) = (Cz3 + Czs . C27)Nt\ + (CZS + C27 + CZQ)NI\

2 x (Caq * Co6 * Cagywey

The CP1 is believed to be a function of both the level of maturity (Cooper and Bray, 1963;
Scalan and Smith, 1970) and the source type (Tissot and Welte, 1978). Marine extracts tend
to have values close to 1 irrespective of maturity whereas values for terrestrial extracts
decrease with maturity from values as high as 20 but don't usually reach a value of 1.

(c

—

CZI'CZZ/CNOC29 - This parameter provides information about the source of the organic matter

(Philippi, 1974). Generally, a terrestrial source gives values <1.2 whereas a marine source
results in values >1.5.

(d) Pristane/Phytane Ratio - This value was determined from the areas of peaks representing these

—

compounds. The ratio renders information about the depositional environment according to the
following scale (Powell and McKirdy, 1975):

<3.0 Relatively reducing depositional environment
3.0-4.5 Reducing/oxidizing depositional environment
>4.5 Relatively Oxidizing depositional environment

(e) Pristlno/gC17thio - This ratio was determined from the areas of peaks representing these
compounds. The value can provide information about both the dcpositional environment and
the level of maturation (Lijmbach, 1975). Very immature crude oil has a prxstane/ﬂ-cl7
ratio >1.0, irrespective of the depositional environment. However, the following classifi-
cation can be applied to mature crude oil:

<0.5 Open wuater depositional environment
0.5-1.0 Mixed depositional environment
>1.0 Peat-swamp depositional environment

In the case of sediment extracts these values are significantly higher and the following

classification is used:



10.

11.

13.

(v)

<1.0 Open water depositional environment
1.0-1.5 Mixed depositional environment
>1.5 Peat-swamp depositional environment

(f) Phytune/g-clsnatlo - This rutio was determined from the areas of peasks representing these
compounds. The value usually only provides information about the level of maturity of

petroleum. The value decreases with increased maturation.

(g) Relative Amounts of n-Alkanes and Naphthenes - Since n-alksnes and naphthenes are the two
dominant classes of compounds in the saturate fraction, & semi-quantitative estimate of
the relative amounts of these compounds can be made from saturate GLC's. This information
can be used to assess the degree of maturation and/or the source type of the petroleum
(Philippi, 1974; Tissot and Welte, 1978). Very immature petroleum has only small propor-
tions of n-alkanes, but as maturity increases the relative amount of n-alkanes increases.
In addition, terrestrial petroleum has a greater proportion of high molecular weight

naphthenes than marine petroleum.

API/SPECIFIC GRAVITY

A specific gravity (SG) bottle was accurately weighc!, then filled with crude oil at 60°F and finally
reweighed. The weight difference was divided by the weight of an equal volume of water at 60°F to
obtain the specific gravity. The following formula was then used to calculate the API gravity:

API Gravity = (_ 141.5 ) _ 131.5
(5C (60°F)) :
The reported gravity value is the average of duplicate determinations.

SULPHUR DETERMINATION

The § sulphur by weight is determined by dissolving 0.5g of the petroleum in S0mls kerosene and then
analysing this mixture with an inductively coupled plasma (ICP) instrument which has been calibrated

with a series of sulphur standards.

This parameter is influenced by the nature of the soure material from which a crude is derived, the
depositional environment of the source rocks, and reservoir alteration processed such as bacterial
alteration.

WHOLE SAMPLE GAS CHROMATOGRAPHY

c,-C

1 731
This method of analysis is normally only applied to oil or condensate samples. The technique provides

a "picture” of the sample which shows good resolution of the low, medium and high molecular weight
components. Whole sample GC data is considered to be more useful than ch’ saturate fraction GC data

for oil or condensate samples.

The analysis is carried out under the same conditions as for the CIZ’ GC analysis with the following
oxcaptions: column temperature = programmed from -20°C to 280°C at 4*C/min (uses cryogenic modo);

injection is carried out In split mode; sample = 0.1ul of neat petroleunm.

Cl-C-.’l analysis data can be used to obtain the same information as that obtained from Clz* GC but
further provides detailed compositional data on the Cl-Cl) fraction and enables calculation of the

distillation range of the sample.

MOLECULAR SIEVE EXTRACTION

This technique is used to isolate the branched/cyclic alkanes from the saturate fraction for gas chroma-
tography/mass spectrometry analysis. A mixture of saturates: SA molecular sieves: purified benzene in
the proportions 1:5:12 by weight is placed in a 100ml round bottom flask and refluxed for 24 hours.
After cooling, the sicves are filtered from the liquid phase and are washed with 4 x 10ml aliquots of
benzenes, The liquid phase plus washings are trend of bhentene by dintitintion yielding the hranched/

cycle compounds,

COMPUTERIZED GAS CHROMATOGRAPHY/MASS SPECTROMETRY (GC/MS)

Gas chromatography/mass spectrometry employs a capillary column gas chromatograph linked in series with
a mass spectrometer and data system (GC/MS/DS). As molccules are eluted from the capillary column thoy
arc bled into the analyser tube of the mass spectrometer where they are bombarded with high enorgy
electrons and consequently fragment to form several ions each with molecular weights less than that of
the parcent molecule. The fragmentation pattern is characteristic of the particular molecular type.

The spectrum of these ions (referred to as a mass spectrum) is recorded approximately once every second
and all of the mass spectra recorded during a GC/MS/DS analysis are memorized by the data system. Since
any given cluss of molecules will break down in the analyser tube to give one or more characteristic jon
fragments ol known molecular weipht, after a GC/MS/DS analysis it is possible to examine the distribution
of compounds within a given class by having the Jdata system reproduce a mass fragmentogram (plot of ion

concentration against gas chromatography retention timc) representative of the particular class.
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GC/MS/DS anaslyses can be cuarried out using one of the following two modes of operation:

st

. i i a mada ) - i dm amm s m e meam® miiim o P SRS T =
(i) Acguire mode - in which all jons in each mass spectrum are memorized by the
datn systom;
{il) Sclecctive ion monitoring (SiM ode - in which only sciectod lons of intorest

At present the sterane/triterpane fraction of petroleum is considered most useful for GC/MS/DS analysis
and therefore we commonly use the second of the above mentioned modes of operation and run the follow-

inp twenty ions which are pertinent to the sterane/triterpane fraction.

Ton

Molecular Type

p——————

177 Demethylated triterpanes

191 Normal triterpanes

205 Methyl triterpanes

1063 Specific dethylated tritcrpanes
356 Parent jon - C0 triterpanes
370 Parent ion - C27 triterpanes
384 Parent ion - C28 triterpanes
398 Parent ion - ng triterpanes
412 Parent ion - C30 triterpanes
426 Parent ion - C31 triterpanes
183 Isoprenoids

217 Normal steranes

218 Normal steranes

231 4-methyl steranes

259 Diasteranes

358 Parent ion - C26 steranes
372 Parent ion - C27 steranes
386 Parent jon - C28 steranes
400 Parent ion - ng steranes
414 Parent ion - C30 steranes

GC/MS/DS analysis of the sterane/triterpane fraction can often provide information about the maturity
and source type of petroleum and whether it has been affected by microorganisms. This technique is
also often useful for oil:oil and oil:source rock correlation. The following sections indicate which
parameters are used to obtain this information and summarize the theory behind their use.

Maturity
(i) Based on Steranes
(a) The biologically produced aaa(20R) sterioisomer is converted in sediments
to a mixture of the aaa(20R) and aaca(20S) compounds. The ratio of
C29 EEE%%%&%ggéETTUST expressed as a percentage is about 25% at the onset
of oil generation and increases almost linearly to a value of about S0%
at the peak of oil generation.

(b) The biologically produced aaa steranes are partially converted during

catagenesis to the corresponding aBB series. The percentage of the ng
aBf component in the total ng steranes is another measure of maturation.

The value of this parameter is about 25V at the onset of oil generation
and it increases exponentially to a value of about 70% at the peak of
oil generation.

(ii) Based on

Triterpanes

C.,» and C,. hopanes have the biological R configur-

(a) The Cyy, Cyps Cy3s Cyy 35
ation at sz. On mild thermal maturation equilibration occurs to produce
a 60/40 mixture of S/R. This equilibration occurs before the onset of

oil generation.

(b) The conversion of the biological 178,218 hopanes to the corresponding
17a,218 and 178,2la compnung; is also maturation dependent. For CSO
. . 1 la
triterpanes the ration of T7Ef7TB decreases steadily from a value of
about 0.4 at the onset of oil generation to a value of about 0.1 at

peak oil generation.

(c) Two of the 627 triterpanes can also be used as maturity indicators.
The ratio of 18u(ll) trisnorhopane to 17a(ll} trisnorhopane increases
exponentially with increcasing maturity from a value of approximatcly
0.2 at the onset of oil generation to approximately 1.0 at peak oil
gencration.

(d) It is our expericnce that the ratio of the C27 18a(H) + C27 17a(H)
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ratio docrvusos from values around 1.0 ut the onsot of vil gonorution
to a value of spproximately 0.4 at peak o0jl goncrution. With increas-
ing maturity at levels greater than that cquivalent to peuk oil genor-
ation the ratio increases steadily to values greater than 3.0.

Source Type

(1) Based on Steranes
Algal organic matter contains steranes in which the C27 compounds are more abundunt than the
ng compounds. General marine organic matter has approximately equivalent amounts of the C27
and ng compounds while organic matter rich in land-plants usually has more of the ng steranes.

(ii) Based on Triterpancs
The triterpano compononts in petroleum can be derived from both bucteria und higher plants. The
common buctorlul products uro the 017-C35 hopunos und moretunvs whoroas tho higher plant triter-

panes are compounds other than hopanes or moretanes and are commonly Cyp compounds.

(iii) Based on Diasteranes
The diasteranes are not produced biologically but are formed during early diagenesis from sterane

c27(20R)and C27(20R'ZOS)

precursors. The diasterane ratios should reflect the nature of the

organic matter in the same manner as ?hnt outlinéa above for the steranes.

Biodegradation

1t has been observed that in severely biodegraded petroleum the series of normal hopanes are converted
to a series of A ring demethylated hopanes and the ng aaa{20R) sterane is selectively removed. For
altered crudes which have not been degraded to this cxtent the severity of biodegradation cun often be
gauged by studying the isoprenoid and aromatic fractions. However, this type of investigation extends
beyond a standard GC/MS/DS analysis.

Correlation
Our present approach to o0il:oil or oil:source rock correlation problems is as follows:

(i) Compare the distribution of compounds in the 177, 191, 217, 218, 259 and 400
mass fragmentograms for an oil or sediment extract to the distribution of
compounds in the respective fragmentograms for the other oil(s) or sediment
extract(s). It is necessary in this type of comparison to make allowance for
small variations due to possible maturity differences.

(ii) Examine the fragmentograms for peaks or sets of peaks which may represent com-
pounds that are specific to the geological system under investigation. Normal
steranes, diasteranes and bacterial hopanes cannot be used for this purpose
because they are present in virtually all crude oils and sediment extracts.
However, compounds like higher plant triterpanes, 4-methyl steranes, bisnor-
hopane and botryococcane can often prove very useful for this purpose.

CARBON ISOTOPE ANALYSIS

The measurement is carried out on one or more of the following mixtures; topped oil; saturate fraction;
aromatic fraction; NSO fraction. The organic mattor is combusted at 860°C in oxygen and the carbon
dioxide formed is purified and transferred to an isotope mass spectrometer. The carbon isotope ratio is
measured relative to a standard gas of known isotopic composition. In our case the standard gas is pre-
pured from the NBS No. 22 oil. However, since the isotopic relationship between NBS No. 22 oil and the
international referonce PDB limostone are known, thoe values ure adjustod to be rolative to PDB limestone.

Although carbon isotope data has been commonly used for oil to oil and 0il]l to source rock correlation its
most significant application is the identification of source of gas according to following criteria

(Fuex, 1977): 13

6" "C (PDB Gas Type

-85 » -58 Biogenic methane

-S8 + -40 Wot gus/associuted with oil
-40 » -25 Thermal methane

VITRINITE REFLECTANCE MEASUREMENT

Vitrinite is a coal maceral which responds to increasing levels ot thermal maturity. This response can
be measured by the percent of light reflected off a polished surface of a vitrinite particle emursed in
0il. Reflectance moasurvements are mude on a numher (40 if possible) of vitrinite particles in ouch
sumple, in order to estublish & runge and meun for reflectunce values. Immature rocks huve low reflect-
ance valucs (U.2% Ro to 0.6V Ro), with mature values ranging from 0.6% Ro to 1.0V Ro. Very maturc vulues
are between 1.6% Ro and 2.4% Ro, while severly altered rocks have reflectances above 2.5% Ro.

Vitrinite reflectance results are best obtained from coals or rocks deposited in environments receiving
large influxes of terrestrially-derived organic matter. Unfortunately, these environments are not con-
ducive to the accumulation of large quantities of oil-prone organic matter. Also vitrinite reflectance
cannot be performed on rocks older than Devoniun Age, due to the abscuce of land plants in the older

geologic time periods.
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VISUAL KEROGEN

Visual kerogen assessment is carried out by the coal petrologist and/or the palynologist, In the case of

the petrologist the assessment is made in reflected light using the plug prepared for vitrinite reflect-
ance measurement, and recports the relative amounts of alginite, exinite, vitrinite and inertinite
particles.

Visual study of kerogen by the palynologist is carried out in transmitted light and can indicate the
relative abundance, size, and state of preservation of the various recognizable kerogen types and hence
indicates the source character of a sedimentary rock. In addition, the color of the kerogen is related
to the thermal maturity of the sediments and is often used as & maturation indicator.

The preparation of slides for visual kerogen assessment by the palynologist firstly involves concentra-
tion of the organic matter by removal of the rock matrix using hydrochloric and hydrofluoric acid
treatment and heavy liquid separation. The organic concentrate is then mounted on a glass slide using
Petropoxy.
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No significant liquid hydrocarbon source rock potential is indi-
cated for the 13 51dewéll\eores/(§34jto_4 //M}\gxamlned from the above
cited well. Gas pote htial~is—indicated—in the\s ction (below approx.
3800 meters) that ha Ro values higher than 1. } Seven of 13 samples
are dominated by a 1qurd\prbn54amorphousﬂkergge;\type, but the lack
of fluorescence ln\the!biue llgbt rangé oeupled with the low hydrogen
index values (max1mum of lépgj1halcaté\poorf11Qu1d potential. An oxi-
dizing deooaltlonal nv1ronment proB‘bly lowered /the kerogen's oil
potential. an adja dE area with moré reducing ¢onditions could still
be a candidate for a llquld hydx\\arbon/source rock.

Total organ1 rbon C)‘val ~"rich"™\in 9 out of 13
samples. The rem ng TOC Va1u re ln e "fa r \" range for the 4
deepest samples c ected befwee 3295 and 175 M. This lower TOC
zone unfortunatehy! oin 1des 1t maturl y evels %hat are optimum for
ligquid hydrocarbon\ eneratron or arp appro chlng/th thermal dry gas

range. \\\ - //>//

The only m1531ng\parameter for a goodAiigpag/hyarocarbon source
rock appears to be a moré‘reduCLng,/aQQX%e'q/p951*1onal environment,
which could be nearby if paléogebg;aphy‘ana paleocirculation patterns
were favorable. Two references for pursuing this topic are: 1)
Parrish, J. T. and Curtis, R. L., 1982. rAtmospheric circulation,
upwelling, and organic rich rocks in the Mesozoic and Cenozoic eras."
Palaeogeography, Palaeoclimatology, Palaeoecology, 40: pp. 31-66; and
2) Demaison, G. J. and Moore, G. R., August 1980, "Anoxic Environments
and 0il Source Bed Genesis," AAPG Bulletin, V. 65-2, pp. 181-190.

A very high S1 pyrolysis peak in core 2733 meters may suggest an
0il reservoir, migration pathway, or contamination. The production
index (S1/(Sl + S2) and the thermal extraction index (S1 x 100)/TCC
generally indicate both increasing maturity and generation with
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increasing depth. These data are consistent with the TAI (spore
color) and Ro (vitrinite reflectance) maturity information. The
hydrogen index values are low for all 13 samples. These figures again
are consistent with the visual observations in which a combination of
non~-fluorescent, probably oxidized amorphous algal kerogen and land
derived gas-prone kerogens indicates a low potential for liquid hydro-
carbons.

Vitrinite quality in sample 4175 meters is poor and therefore
the confidence in the data obtained is low.

Figures and Tables included in this report include:

Figure 1. Thermal alteration and source rock potential plot.
Figure 2. Pyrolysis results plot.

Figure 3. Log % reflectance, unedited vitrinite data plot.

Table 1. Thermal alteration and source rock potential data.

Table 2. Pyrolyéis\resuLtsAdaEELd////\\\\
y \Jl/\/\

D.\L."|Pea on
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Log Analysis

Table 1 lists all the wireline logs run in the Bridgewater Bay No. 1
well. The final Computer Well Log Plot (CPI) computed over the inter-
val 1600 metres to 3530 metres indicates no potential hydrocarbon pro-

ductive zones (Enclosure 6).

The primary water saturation parameters for this analysis are:

aRw = 0.28 ohm/m at 18.3°C
where "a" is the Formation Resistivity Factor Constant = 1

Cementation Exponent (m) = 1.8 (Sandstones), 2 (Limestones)

Saturation Exponent (n) = 2.0

Lithological descriptions from several sources were used to choose the
appropriate coding. However, the mud log, the litholog, the daily
reports, and the sidewall core descriptions are not entirely con-
sistent. Consequently, the lithology portrayed on the Well Log Print

may not exactly match the final interpretation on the Composite Log.



APPENDIX NO. 9

BRIDGEWATER BAY NO 1 WIRELINE LOGS
Suite Run Log Interval (metres)
1 1 DIL-SLS-GR 493m - 1602m
1 2 BGL 493m - 1602m
1 3 CST 550m - 1593m
30 attempted - 28 recovered
2 1 DIL-SLS-GR 1594m - 3533m
2 2 LDL-CNL-GR 1594m - 3533m
2 3 HDT 1594m - 3533m
2 4 CST 1613m - 3335m
51 attempted - 39 recovered
3 1 DIL-SLS-GR 3519m - 4199m
3 2 LDL-CNL-GR 3900m - 4193m
3 3 HDT 3850m - 4183m
3 4 CST 3560m - 4175m

30 attempted - 22 recovered

3 5 Velocity Survey 23 shots
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Dipmeter Analysis, Bridgewater Bay No. 1

A Computer Processed Four-Arm High Resolution Continuous Dipmeter was
run over the interval 3850 - 4188 metres. Sandstones associated with
the Belfast Formation and the Waarre Formation were found to have log-
derived porosities of less than two (2) percent and lack thick shale
sequences within the Waarre Formation. For that reason standard analy-
ses such as polar plots, grouping of dip agimuths, etc were not formed.
Instead, a visual analysis was performed over the interval 3850 - 4188
metres. This was done primarily to confirm the existence of a seismic-
ally-defined angular unconformity at the top Waarre Formation (4102

metres) .

An average six degree dip was observed above 4102 metres, within the
lowermost Belfast Formation, with a random but positive trend in a
northerly direction. Also observed was a very strong dip amplitude
trending northwest across the juncture of the Belfast Formation and the
Waarre Formation. This strong northwest dip trend is greater than ten
degrees ranging between twelve and fourteen degrees. This strong
northwest orientation at and within the Waarre Formation strongly sup-
ports the seismic interpretation of an angular unconformity at the top

Waarre Formation.

High Resolution Dipmeter Tool (HDT) observations indicate a low region-
al structural dip in the Wangerrip Group sediments. Wangerrip Group
sediments between 901 metres and 1240.5 metres have structural dips of
between one and three degrees to the southwest. As above, the underly-
ing Sherbrook Group sediments between 1240.5 metres and 4102 metres
display northerly dips ranging from zero degrees to three degrees, be-

coming more northwesterly with increasing depth.



The basal sandstones of the Paaratte Formation between 2632 metres and

2668 metres have dips between five and twelve degrees, averaging six
degrees. These sediments dip in a south-southwesterly direction,
possibly indicating that the sedimentary source for this

fluvial/marginal marine unit is from the north.
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