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EXECUTIVE SUMMARY

Bus Swamp 1 was drilled as part of the Geological Survey of Victoria’s (GSV) -
stratigraphic drilling programme in the Otway Basin. This programme is an
important component of a major study being carried out by the Basin Studies
Section of the GSV. The study involves a systematic review of all relevant

data on the Otway Basin, including information held by government agencies and
petroleum exploration companies. The study will increase the understanding of
the evolution of the Otway Basin and will provide a better delineation of the
source and reservoir rocks in the basin. It will prov1de an up to date :
regional framework for use by petroleum explorers in developmg hydrocarbon

plays.

The National Geoscience Mapping Accord’s (NGMA) Otway Basin Project'forms part
of this study. The NGMA Project involves seismic interpretation of the -
onshore Otway Basin in order to improve knowledge of the tectonic events that
resulted in basin development and evolution. The project involves

contributions by Australian Geological Survey Organisation, Mines and Energy—
South Australia, Victorian Institute of Earth and Planetary Sciences and GSV.

Bus Swamp 1 was drilled near the northern margin of the Penola Trough, part of
the Late Jurassic - Early Cretaceous rift system which initiated the Otway
Basin, in order to aid the seismic interpretation of the NGMA Project.

The well was drilled by the Rural Water Corporation Drilling Unit for the
Geological Survey of Victoria, a division of the Victorian Department of
Energy and Minerals. Drilling began on'19 November, 1992 and reached a total
depth of 1850.5 m on 17 December, 1992. _

Four conventional cores were recovered, in addition to a full suite of

industry standard wireline logs being run and a velocity survey carried out.
The target Otway Group sediments, including Eumeralla Formation, Crayfish .
Subgroup and Casterton Formatlon, were intersected, in addition to basement..

The well was monitored using a gas chromatograph and hot wire total gas
detector with peak gas readings of 23.8 units and 21.8 units being detected.
Hydrocarbon fluorescence was also noted at several depths. Bus Swamp 1 was
plugged and abandoned as a dry hole following logging. :

Bus Swamp 1 could not have been undertaken without ﬁnanc1al supporl: from the
following organisations: ‘

SANTOS (Formerly AGL Petroleum) AmpOlex

BHP Petroleum Cultus Petroleum

Gas and Fuel Exploration N.L. Lakes Oil Ltd :
Minora Resources ~ 0Oil Company of Australia -

Pan Pacific Petroleum SAGASCO Resources

AGSO and SADME provided additional palynological and geochemcel analyses.
The contributions by all these organisations are gratefully acknowledged. .

The GSV is pleased with the acquired data and considers that Bus Swamp 1 was a
successful in meeting the project’s obJectwes and believe that the results’ o
will stimulate increased exploration in this area of the Otway Basin.

DA y—s LI / >/ / 7Y
BRUCE SIMONS
Manager, Basin Studies
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DATA SUMMARY

Location:
Well Name: Bus Swamp 1 Province: Otway Basin
Status: Plugged and Rig No: 04/92/001
abandoned

Date Commenced: 19/11/92 Completed:17/12/92
Elevation: (GL): 88.00m (AHD) Total Depth: 1850.5m

(KB): 91.53m (AHD)
Location: = AMG Sheet: Casterton Number 7122 Zone: 54

Parish No: 3256 Nangeela

Easting: 518073 Northing: 5847190

Latitude: 37° 31’ 18" Longitude: 141° 12’ 00"

Seismic: HFD 89-10 V.P.470
Drilling:
Engineering Data:
Hole Size | Casing Pl routin
12-1/4in 0 -216.30m 9-5/8in 0 - 205.42m 205.42 - Surface
8-1/2in 216.30 - 1849.46m 910.00 - 840.00

235.00 - 169.00
30.00 - Surface

Geophysical Logs: Logged by Halliburton Wireline Logging Services - 18/12/92

«Run 1: BCS (Borehole Compensated Sonic) - CAL (Caliper) - GR (Gamma Ray)
(1851 -0 m)
«Run 2: DLL (Dual Laterolog) - MSFL (MicroSpherically Focussed Log) - GR
(1851 - 205.4 m)
-Run 3: CDL (Compensated Density Log) - CNL (Compensated Neutron Log) - GR
, (1851 -1000 m)

BHT: 82° C after 7 hrs
A deviation survey was carried out during drilling.

A velocity survey was carried out by Velseis Pty Ltd.
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Cuttings: 5m intervals from surface to 1850 m.

Cores: 4 conventional, 48 sidewall with 37 recovered.

Geology:

Depth Formation Lithology

0-95m Quaternary/ Undifferentiated sediments,

Tertiary unconsolidated sands and silts.

95-870 m Eumeralla Fine grained sandstone, siltstone,
claystone and minor coal.

654 - 660 m Heathfield Sst Medium quartz sandstone.

870 - 1050 m Laira Siltstone and shale.

1050 -1799 m Pretty Hill Interbedded garnetiferous sandstone
and shale.

1799 - 1826 m Casterton Largely claystone and siltstone,
some volcanolithics.

1826 - 1850 m Basement Metamorphosed siltstone.

Analyses:

Palynology: 36 samples

Geochemistry: 26 samples - source rock and Vr.

Petrology: 6 samples.

Hydrocarbon Indications:

Gas Readings: Two intervals (1575 m and 1820 m) where the peak gas
reading was over twenty API units. A number of intervals were found to
have readings of between 5 and 10 API units.

Fluorescence: Natural and Crush Cut fluorescence was noted at several
depths.




INTRODUCTION

Bus Swamp No. 1 was drilled in the Penola Trough, in PEP 119,
southwestern Victoria as part of the Geological Survey of Victoria’s
(GSV) stratigraphic drilling programme in the Otway Basin (See Figs
1.0, 1.1 & 1.2). The Penola Trough is part of the Late Jurassic -
Early Cretaceous rift system which initiated the development of the
Otway Basin. The well lies approximately 17 km northwest of
Casterton and 37 km southeast of Penola at shotpoint 470 on the
Beach Petroleum line HFD89-10. Drilling began on 19 November, 1992
and reached a total depth of 1850.5 m on 17 December, 1992. This
drilling constitutes part of the GSV commitment to the National
Geoscience Mapping Accord’s (NGMA) Otway Basin Project.

One of the NGMA objectives is to establish a uniform rock unit
nomenclature for the Otway Basin, in particular for the strata below

the Eumeralla Formation. The Penola Trough, which is common to both
Victoria and South Australia, is suitable for this purpose.

Bus Swamp 1 was sited near the northern margin of the Penola Trough
to penetrate the Palaeozoic basement at relatively shallow depth. In
the deep Penola Trough the only other bore reaching the basement is
Casterton 1. The selected site was also chosen to tie the bore

results in with the Australian Geological Survey Organisation’s
(AGSO) recent deep seismic line across the trough.

Other objectives included:

- definition of the seismic velocity of the basement in order to
improve the precision of seismic and gravity modelling in the area;

- evaluation of the prospectivity, especially the reservoir
potential of the basement rocks (hydrocarbons are present in
basement rocks in the nearby Sawpit No. 1 well);

- evaluation of the seal, reservoir and source potential of the
Casterton, Pretty Hill, Laira and Eumeralla formations;

- evaluation and comparison of palynology from the Casterton,
Pretty Hill, Laira and Eumeralla formations.

Bus Swamp 1 was drilled by the Rural Water Corporation drilling unit.
In addition to the GSV, the following companies provided financial
support toward the cost of the mudlogging, wireline logging and
velocity survey:

AGL Petroleum Lakes Oil

Ampolex Minora Resources

BHP Petroleum Oil Company of Australia
Cultus Petroleum Pan Pacific Petroleum N.L.
Gas and Fuel Exploration N.L. SAGASCO Resources

AGSO and SADME provided palynological and geochemical analyses.
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PE907661

This is an enclosure indicator page.
The enclosure PE907661 is enclosed within the
container PE900967 at this location in this

document .

The enclosure PE907661 has the following characteristics:
ITEM_BARCODE =

CONTAINER_BARCODE
NAME
BASIN

PERMIT =

TYPE
SUBTYPE
DESCRIPTION

REMARKS
DATE_CREATED
DATE_RECEIVED
W_NO
WELL_NAME
CONTRACTOR
CLIENT_OP_CO

(Inserted by DNRE

PES07661

PE900967

Topographic Location Map

OTWAY

PEP119

WELL

LOCATION_MAP

Topographic Location map (Figure 1
from Well Completion Report vol.l)
Bus Swamp-1

.1
for

w1i088
Bus Swamp-1

Geological Survey of Victoria Basin
Studies

Vic Govt Mines Dept)
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PES07662

This is an enclosure indicator page.
The enclosure PE907662 is enclosed within the
container PE900967 at this location in this

document.

The enclosure PE907662 has the following characteristics:

ITEM_BARCODE

CONTAINER_BARCODE =

NAME =
BASIN =

PERMIT

TYPE
SUBTYPE
DESCRIPTION

REMARKS
DATE_CREATED
DATE_RECEIVED
W_NO
WELL_NAME
CONTRACTOR
CLIENT_OP_CO

(Inserted by DNRE

PE907662

PE900967

Tenement Location Map

OTWAY

PEP119

WELL

LOCATION_MAP

Tenement Location map (Figure 1 .2 from
Well Completion Report vol.l) for Bus
Swamp-1

w1088
Bus Swamp-1

Geological Survey of Victoria Basin
Studies

Vic Govt Mines Dept)
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2.2

WELL DETAILS

Location

Co-ordinates:

Geophysical Control:

Property Description:

Property Owner:
General Data
Well Name:
Operator:
Participants:

Elevation:

Total Depth:

Drilling
Commencement:
Total Depth Reached:
Status:

(see Figs 1.0, 1.1 & 1.2)
Latitude 37° 31’ 18"
Longitude 141° 12’ 00"
Easting 518073
Northing 5847190

Vibration Point: 470
Seismic Line: HFD 89-10

County of Follett
Parish of Nangeela
Shire of Glenelg

Crown

Bus Swamp No. 1

Geological Survey of Victoria
SANTOS (Formerly AGL Petroleum)
Ampolex

BHP Petroleum

Cultus Petroleum

Gas and Fuel Exploration N.L.
Lakes Oil Ltd

Minora Resources

0Oil Company of Australia

Pan Pacific Petroleum N.L.
SAGASCO Resources

Ground Level 88m ASL. KB 91.40m ASL
(Unless otherwise stated all depths
refer to Kelly Bushing)

1849.46m Driller

1850.5m Logger

19th November 1992 at 1520 hrs.
17th December 1992 at 1300 hrs.

Plugged and abandoned

-12-




2.3
2.3.1

2.3.2

2.3.3

Drilling Data (see Appendices 1,2 and 3)
Drilling Contractor

Rural Water Corporation of Victoria, Drilling Services
Division

Drilling Rig
RWC Drilling Services Rig 4
Casing and Cementing Details

A 16" Conductor pipe was set at 2m GL before rig up

Surface Casing

Size: 95/ "

Depth: 205.42m

Cement: 204 sacks Class "A" neat
Cement Plugs

Plug No 1:

Interval 910 - 840m

Cement 98 sacks class "A" neat
Method Balanced

Plug No 2:

Interval 235 - 169m

Cement 95 sacks class "A" neat
Method Balanced

Test Tagged

Plug No 3:

Interval 30 - Surface

Cement 38 sacks class "A" neat

-13-




2.3.4

2.3.5

Drilling Fluid

The drilling fluid program was designed by Baroid Australia Pty
Ltd. The program was structured to be monitored and maintained
by the wellsite geologist and the rig crew.

The well was spudded with a 12-1/4" bit and drilled to the
casing point of 205.43 metres using a lime flocculated bentonite
mud. After the casing was set the well was then drilled to a
total depth of 1850.5 metres using a potassium chloride -
bentonite - polymer mud system.

Drilling and coring were completed to the total depth. Tight
hole conditions were common, necessitating regular reaming back
to bottom.

The wireline logging and velocity survey were run without
incident. The sidewall coring programme was also without
complication, although only 37 of the possible 48 sidewall cores
were recovered. The caliper log indicated significant washout
conditions and ledging over several intervals in both the
Eumeralla Formation and Crayfish Subgroup.

Water Supply
Rig water was drawn from the nearby Bus Swamp and piped to the

rig. There was an adequate supply of good quality water, of low
salinity and hardness, available throughout the project.

-14 -




3 FORMATION SAMPLING
3.1 Cuttings

Cuttings samples were collected at five metre intervals from
surface to total depth. Each sample was washed, dried and
stored in labelled polythene bags. Unwashed samples were also
collected in calico bags and dried. All of these samples are
stored in the DEM core laboratory, Port Melbourne. Cuttings
descriptions are included in Appendix 4.

3.2 Cores

Four conventional cores were cut, the intervals and recoveries
are listed in Table 1.

Table 1

Core Samples

Core No. Interval (m) (Recovery %)
1 830.4 - 836.4 43

2 1509.8 - 1515.8 92

3 1785.2 - 1790.1 91

4 1832.1 - 1835.2 71

These cores are held in the DEM Core Laboratory, Port Melbourne.
Core descriptions are included in Appendix 5.

.15 -




3.3

34

3.5
3.5.1

3.6.2

3.5.3

Sidewall Cores.

Forty-eight sidewall cores were attempted, of which thirty-
seven were successful. Depths and recoveries are detailed in
Table 2. Sidewall core descriptions can be found in Appendix 5.

Testing

No formation testing was carried out on this well.
Sample Analyses

Petrology

Six samples, four sidewall core and two whole core, were selected
for thin section and detailed petrological analysis. The results
are presented in Appendix 7. The sample intervals are detailed
in Table 3.

Source Rock Analysis

A total of twenty-six samples were submitted for source rock
analyses. AGSO analysed some of the samples using their own
resources, and samples were submitted to Amdel by the Geological
Survey and also by SADME on behalf of the Geological Survey.
Details of the sample analyses can be found in Table 4. The
results of these analyses are presented in Appendix 8.

Palynology

Palynological analyses on samples from this well have been
carried out by Morgan Palaeo Associates (1), AGSO (2) and SADME
(3). A total of thirty-six samples were analysed, with some
duplication. A listing of palynology samples for analysis can

be found in Table 5. A review of the results and palynology

reports can be found in Appendix 9.

-16 -
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Table 2

Sidewall Core Numbers, Depths and Recoveries

SWC No. | Depthm | Recovery mm | SWC No. | Depthm | Recovery mm
1 1840 25 25 1105 40
2 1824 15 26 1026 40
3 1822 15 27 982 35
4 1815 30 28 977 40
5 1803 10 29 957 40
6 1777 10 30 913 40
7 1767 20 31 886 15
8 1756 10 32 882 NR
9 1730 15 33 862 40
10 1709 15 34 845 40
11 1640 <10 35 822 35
12 1585 15 36 796 40
13 1560 15 37 756 40
14 1510 20 38 745 NR
15 1472 NR 39 700 <10mm
16 1445 30 40 672 40
17 1406 25 41 657 40
18 1331 NR 42 570 NR
19 1325 30 43 465 40
20 1292 NR 44 430 NR
21 1228 NR 45 345 NR
22 1190 35 46 300 35
23 1145 40 47 267 NR
24 1137 10 48 230 NR

-17-




Table 3

Core Thin Section Petrology Analysis

Sample No Type Interval (m)
1 SWC 41 756.0m
2 Core 2 1509.8 - 1515.8m
3 SWC 7 1767.0m
4 SWC 3 1822.0m
5 Core 4 1832.1 - 1835.2m
6 SWC 1 1840.0m

-18 -




Table 4
Samples for Geochemical Analysis

RE: Rock Eval Pyrolysis TOC: Total Organic Carbon
VR: Vitrinite Reflectance
Amdel* : Sample submitted for analysis by SADME

RE/
NO. ANALYST INTERVAL (m) TYPE TOC VR
@ Amdel 465.0m SWC43 | x X
2 AGSO 657.0m SWC41 | x
3) Amdel 756.0m SWC37 | x X
(€Y AGSO 830.4 - 836.4m Core 1 X
5) Amdel* 830.4 - 836.4m Core 1 b x
6) AGSO 862.0m SWC33 | x
D Amdel 862.0m SWC 33 X
® AGSO 913.0m SWC30 | x
)] Amdel 913.0m SWC 30 b'd
10) Amdel* 982.0m SWC 27 b4 X
an Amdel* 1105.0m SWC25 | x X
12) Amdel* 1145.0m SWC 23 X X
13) Amdel 1190.0m SWC22 | x b'q
14 Amdel 1325.0m SWC19 | x
(15) Amdel* 1406.0m SWC17 | x b4
16) AGSO 1509.8 - 1515.8m Core 2 X
an Amdel 1509.8 - 1515.8m Core 2
(18) Amdel 1585.0m SWC12 | x
19) Amdel 1710.0m SWC10 | x X
(20) AGSO 1756.0m SWC 8 b'q
21) AGSO 1785.2 - 1790.1lm Core 3 x
(22) Amdel* 1785.2 - 1790.1m Core 3 x x
23) Amdel* 1803.0m SWC 5 x
24) Amdel 1805.0 - 1810.0m |CUTTINGS| x x
(25) Amdel 1815.0m SWC 4 X
(26) AGSO 1815.0m SWC 4 x

-19-




Table 5

Palynology Samples
Sample Analyst Interval (m) Type
@ Morgan 210.0 - 215.0m CUTTINGS
) Morgan 300.0m SWC 46
3 Morgan 465.0m SWC 43
(C)) AGSO 657.0m SWC 41
®) Morgan 756.0m SWC 37
6) SADME 830.0m Core 1
Y AGSO 830.4 - 836.4m Core 1
@) SADME 830.4 - 836.4m Core 1
9) AGSO 862.0m SWC 33
(10) Morgan 862.0m SWC 33
a1y Morgan 865.0 - 870.0m CUTTINGS
12 Morgan 886.0m SWC 31
13) Morgan 886.0m SWC 31
14) AGSO 913.0m SWC 30
15) SADME 957.0m SWC 29
16) SADME 982.0m SWC 27
a7 SADME 1105.0m SWC 25
18) SADME 1145.0m SWC 23
19 Morgan 1190.0m SWC 22 .
20) Morgan 1325.0m SWC 19
21 SADME 1406.0m SWC 17
(22) AGSO 1509.8 - 1515.8m Core 2
(23) SADME 1515.8m Core 2
(24) Morgan 1560.0m SWC 13
(25) Morgan 1640.0m SWC 11
- (26) Morgan 1730.0m SWC 10
@7 AGSO 1756.0m SWC 8
(28) Morgan 1760.0 - 1765.0m CUTTINGS
Table continued next page...
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...continued.

Sample Analyst Interval (m) Type
(29) Morgan 1787.0m Core 3
(30) SADME 1785.2 - 1790.1m Core 3
31 AGSO 1785.2 - 1790.1m Core 3
32) SADME 1800.0 - 1805.0m CUTTINGS
33) SADME 1803.0m SWC 5
(34) AGSO 1815.0m SWC 4
35 Morgan 1840.0m SWC 1
(36) Morgan 1840.0m SWC 1

.21-




3.6 Logging & Surveys
3.6.1 Mud Logging

A Halliburton SDL Mudlogging unit was used. The unit monitored
cuttings gas, pit levels, rate of penetration, and pump strokes.
The mud log is included as Enclosure 2.

3.6.2 Wireline Logging
Wireline logging was carried out by Halliburton Wireline

Services using a standard truck mounted unit. The programmed
suite of logs was run without complication and are included as

Enclosure 3.
Table 6

Wireline Logging
Run Log Interval (m)
1 BCS- CAL - GR 1851 - 0 (Surface)
2 DLL - MSFL - GR 1851 - 205.4 (Casing Shoe)
3 CDL - CNS - GR 1851 - 1000
Sidewall Coring: Two Guns

BCS: Borehole Compensated Sonic Log
CAL: Caliper Log

GR: Gamma Ray Log

DLL: Dual Laterolog

MSFL: Micro Spherically Focussed Log
CDL: Compensated Density Log

CNS: Compensated Neutron Log

3.6.3 Deviation Surveys

Deviation surveys were conducted regularly with the following

results.

Depth (m) Deviation (deg)
582 0.5
824 1.0

1058 1.0

. 1208 1.0
1351 0.75
1784 1.0

3.6.4 Velocity Survey

A velocity survey was carried out by Velseis Pty Ltd. These
data are included as Appendix 6.

-992.




® 4 GEOLOGY
41 TECTONIC SETTING AND GEOLOGICAL HISTORY

The Otway Basin (Fig. 1.0) forms part of the southern margin of the Australian
continent, a passive margin resulting from the rifting and break-up of the
Australian-Antarctic supercontinent. The basin extends along 500 km of the
Victorian and South Australian coastline and has an aerial extent of
approximately 20 000 km? onshore and over 25 000 km? offshore. The basin
contains up to 10 km of post Palaeozoic sediments.

The Penola Trough (Fig. 4.1) is believed to be part of the Late Jurassic -
Early Cretaceous rift system which initiated the development of the Otway
Basin (Pettifer et al. 1991). The rift system extended from present day
offshore South Australia to as far east as the Otway Ranges and also includes
the Robe, Ardonachie and Gellibrand troughs (Tabassi & Menhennitt, 1991b).

The northern margin of the Penola Trough is bounded by the Kanawinka Fault
(Figs 4.1 and 4.2), a southeast trending, southwest dipping normal fault with
throws of up to 900 m. This can be seen in Figs 4.3 and 4.4, which show
seismic line HFD89-10 and the parallel seismic line HF88-14. The South
Kanawinka Fault Zone lies approximately 5 km south of and parallels the
Kanawinka Fault (Perincek et al. 1994). Bus Swamp 1 was drilled on the fault
block between these two faults, as was Casterton 1 (See Enclosure 4). The
Bouger anomaly image (F'ig. 4.2) shows the Penola Trough as a gravity low
(blue) and the Merino High as a gravity high (red) adjacent to it. On the
northeastern edge of the gravity low is a linear feature corresponding to the
Kanawinka Fault. The South Kanawinka Fault Zone is not as easily observed on
the Bouger anomaly image.

The southern margin of the Penola Trough is not as clear as the northern
margin. The previously considered southern bounding fault, the southeast
trending, northeast dipping South Penola Fault, is Tertiary in age. There are
some minor Early Cretaceous faults which are on the southern flank of the
Penola Trough but in general the Crayfish Subgroup is onlapping basement
toward the south. The Penola Trough may therefore be considered to extend
south to the Tartwaup Fault, the northern margin of the Portland Trough. The
nearby Ardonachie Trough consists of a similar half-graben with opposite
polarity, ie. its bounding fault dips roughly northeast (Perincek et al.

1994). From these observations it is possible to adopt a new model for the
development of the northern Otway Basin, that of a series of half-grabens
separated by complex transfer zones of faulting and folding.

In the earliest stages of rifting the area was dominated by lacustrine
conditions and volcanic activity. Casterton Formation deposition began just
prior to Early Cretaceous half-graben development, as indicated by the
presence of the formation on Early Cretaceous structural highs as well as
within the half-grabens, and continued for some time after rifting began.

The Pretty Hill Formation is observed only in the Early Cretaceous
half-grabens. It is syndepositional with major bounding faults and onlaps
onto basement away from these faults. The unit was deposited during rifting
in the resultant half-grabens and was more or less continuous until rifting
ceased midway through the Early Cretaceous.

-23-
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PE907897

This is an enclosure indicator page.
The enclosure PE907897 is enclosed within the
container PE900967 at this location in this

document.
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PES07898

This is an enclosure indicator page.
The enclosure PE907898 is enclosed within the
container PE900967 at this location in this

document .
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PES07899

This is an enclosure indicator page.
The enclosure PE907899 is enclosed within the
container PE900967 at this location in this

document.

The enclosure PE907899 has the following characteristics:
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In the Bus Swamp 1 area the early northern boundary of the Penola Trough was
the South Kanawinka Fault Zone. Movement on this fault zone began in the late
Jurassic to Early Cretaceous, after Casterton Formation deposition had begun.

It was not until midway through Pretty Hill Formation deposition that movement
on this fault ceased and rifting resumed on the newly formed Kanawinka Fault.
This produced a different depositional regime in the Bus Swamp 1 area to that

in the centre of the Penola Trough. Seismic evidence shows that a substantial
part of the lower Pretty Hill Formation was never deposited in the Bus Swamp
area due to its elevation at the time. Casterton Formation is present on this
elevated area due to deposition before movement on the South Kanawinka Fault
Zone (See Enclosure 4). Palynology results from Bus Swamp 1 indicate the
almost complete absence of lower C. australiensis in the Crayfish units,
indicating an interval of non deposition corresponding to the lower Crayfish
Subgroup. Deposition of the fine grained Laira Formation sediments was
probably confined to the western part of the basin and is not observed in the

Bus Swamp 1 area.

The end of rifting in this area is marked by an unconformity at the top of the
Crayfish Subgroup. The consistent thickness of the overlying Eumeralla
Formation, lack of syndepositional features and the more planar faulting style
(Perincek et al. 1994) indicate that rifting ceased at the onset of Eumeralla
Formation deposition. The Eumeralla Formation was deposited evenly across the
basin in one of three possible tectonic regimes:

(1) At the end of the Crayfish deposition, extension in this incipient
rift ceased and the rifting centre between Australia and
Antarctica shifted south (Pettifer et al. 1991), forming an
aborted rift in the northern part of the basin.

(2) The Eumeralla Formation marks the onset of a post rift, thermally
controlled sag phase which precedes continental breakup.

(3) The Crayfish/Eumeralla boundary marks a change from rifting to
spreading regimes.

Observations from Bus Swamp 1 indicate that the Eumeralla Formation is
essentially a terrestrial, probably fluvial unit. This is inconsistent with

early continental separation and marine incursion. The presence of glauconite
in the unit is consistent with slow, fairly passive subsidence, implying

sagging rather than rifting.

The top of the Eumeralla Formation is marked by an angular unconformity,
indicating another episode of uplift and erosion in the Albian. Basin

spreading became active from the Late Cretaceous. The Sherbrook and Wangerrip
Groups were laid down in a juvenile sea. An unconformity at top Pember
Mudstone (Perincek et al. 1994) level indicates the transition from slow to
rapid seafloor spreading. A clastic sequence, the Dilwyn Formation, followed
before widespread deposition of Eocene to Recent carbonate successions. The
Late Cretaceous and Early Tertiary units extend into the Penola Trough but are
not present in the northern wells (Bus Swamp 1 and Casterton 1) due either to
stripping off of sediments or non-deposition. Since most of the uplift on the
northern flank of the Penola Trough occurred during the Early Cretaceous it is
most likely that these units, and the later Tertiary marine units, are

condensed or were not deposited at all.

Miocene to Recent compression has reactivated many earlier faults and a number
of northeast - southwest trending inversion features are observed throughout
the basin. '
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' 42  STRATIGRAPHY

A summary of the rock units recognised, their depth, thickness and age is shown in i
Table 7, proposed and actual stratigraphy in Fig. 4.5.

Table 7
Stratigraphy of Bus Swamp 1

Age Group Formation/Member | Depth (m)] Thickness (m)| Elevation (m)
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BUS SWAMP No. 1
Prognosed and Actual Stratigraphy
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4.3 GENERALISED LITHOLOGY

4.3.1. Quaternary and Tertiary

Undifferentiated Sediments Surface - 95 m
0-35m: SANDSTONE
SANDSTONE: yellowish grey, occasionally light brown to brownish grey,

friable with abundant loose grains, fine to medium grained, occasionally
coarse grained, subangular to rounded, dominantly subrounded, moderately
sorted, clear to milky white, occasionally iron stained quartz, no

apparent matrix (possibly washed away), nil to trace moderately weak
calcareous cement, common shell fragments, rare to occasionally common
sedimentary and lithics, trace carbonaceous detritus, very good inferred

porosity.
35-95m: SANDSTONE

SANDSTONE: light olive grey to olive grey, friable with abundant loose
grains, dominantly medium to coarse grained, occasionally very fine to
fine grained, angular to dominantly subrounded, occasionally rounded,
poorly to moderately sorted, clear, translucent to occasionally milky
white quartz, trace to common light to medium grey, dispersive,
argillaceous matrix (mostly washed away), trace moderately weak
calcareous and pyrite cement, common shell fragments, rare to common
lithics, trace to rare biotite, calcareous clay nodules and carbonaceous
detritus, very good inferred porosity.

4.3.2. Lower Cretaceous

4321 Eumeralla Formation 95-870 m

95-654m: CLAYSTONE INTERLAMINATED WITH/ GRADING
TO SILTSTONE & MINOR COAL

CLAYSTONE: light olive grey, greyish olive green to greenish grey in
part, firm to moderately hard, dominantly blocky, abundantly
micromicaceous, common carbonaceous specks and laminae, nil to trace
calcareous in part, moderately silty in part. Interlaminated with and
grading to:

SILTSTONE: pale olive to olive grey, greenish grey to dark greenish
grey in part, soft to moderately hard, dispersive in part, subblocky to
blocky in part, commonly to abundantly argillaceous common micromica,
carbonaceous specks and laminae, trace to common very fine to fine
quartz sand grains, rarely calcareous in part. Interlaminated with
minor:

COAIL; grey black to black, firm, blocky in part, subvitreous lustre,
rarely argillaceous in part.
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654-660m: SANDSTONE INTERBEDDED WITH MINOR
SILTSTONE (Heathfield Sandstone Member)

SANDSTONE: light grey to light olive grey, friable with common loose
grains, medium to coarse grained, angular to subrounded, moderately
sorted, clear to frosted, occasionally iron stained quartz, trace light
grey dispersive argillaceous matrix (all washed away), trace
carbonaceous and coaly detritus, very good visual/ inferred porosity.
Interbedded with minor:

SILTSTONE: pale olive, firm, massive, non calcareous, commonly to
abundantly argillaceous, micaceous in part, rarely arenaceous in part.

660-870 m: CLAYSTONE INTERLAMINATED WITH/
GRADING TO SILTSTONE, SANDSTONE
AND MINOR COAL

CLLAYSTONE: generally as above, light olive grey, greyish olive green to
greenish grey in part, firm to moderately hard, dominantly blocky,
abundantly micromicaceous, common carbonaceous specks and laminae, nil
to trace calcareous in part, moderately silty in part. Interlaminated

with/ grading to:

SILTSTONE: pale olive to olive grey, greenish grey to dark greenish
grey in part, soft to moderately hard, dispersive in part, subblocky to
blocky in part, commonly to abundantly argillaceous, common micromica,
carbonaceous specks and laminae, trace to common very fine to fine
quartz sand grains, rarely calcareous in part. Interlaminated with:

SANDSTONE: yellowish grey, light olive grey to greenish grey, friable
to rarely moderately hard in part, very fine to medium grained,
dominantly fine, occasionally coarse to very coarse grained, subangular
to subrounded, poorly sorted, clear to translucent, occasionally light
brown stained quartz, trace light grey, moderately dispersive
argillaceous matrix, trace moderately weak to moderately strong
calcareous and pyrite cement, trace to common partially altered
feldspar, trace to rare non glauconitic green lithics, pyrite and shell
fragments, trace carbonaceous and coaly detritus, poor to occasionally
fair visual/ inferred porosity. Interlaminated with:

COAI,; greyish black to black, firm, blocky in part, subvitreous lustre,
rarely argillaceous in part.

Lairg Formation

870-1050 m: CLAYSTONE INTERBEDDED/ INTERLAMINATED
WITH SILTSTONE AND MINOR SANDSTONE

. CLAYSTONE: light olive grey to olive grey, becoming medium grey with

depth, soft to moderately hard, dominantly firm, dominantly blocky, non
calcareous, trace to occasionally common micromica, trace carbonaceous
specks and laminae, moderately to commonly silty. Interbedded/
interlaminated with:
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SILTSTONE: light olive grey to olive grey, becoming dominantly medium
grey with depth, moderately hard to hard, firm in part, commonly
argillaceous, trace micromica and carbonaceous specks and laminae,
rarely siliceous in part, abundant quartzose silt and very fine quartz

sand grains. Interlaminated with/ grading to:

SANDSTONE: light grey to olive grey, dominantly moderately hard, hard
in part, rarely friable in part, very fine grained, subangular to
subrounded, well sorted dominantly clear quartz, trace light grey
argillaceous matrix, trace moderately strong calcareous and siliceous
cement, trace mica, coaly detritus, pyrite, partially altered feldspar,
?garnet and other lithic fragments, very poor visual porosity.

4323 Pretty Hill Formation 1050 - 1799 m

1050-1430 m: CLAYSTONE INTERBEDDED/ INTERLAMINATED
WITH SILTSTONE, MINOR SANDSTONE
AND COAL

CLAYSTONE: light olive grey to olive grey, becoming medium grey with
depth, soft to hard, blocky in part, moderately micromicaceous, trace
carbonaceous specks and laminae, non-calcareous, moderately silty in
part. Interbedded/ interlaminated with:

SILTSTONE: light olive grey to olive grey, medium grey in part,
moderately hard to hard, occasionally firm in part, commonly
argillaceous, trace carbonaceous specks, trace micromica, siliceous in
part, trace to common very fine to fine grained quartz sand grains.
Interlaminated with/ grading to:

SANDSTONE: light grey to light olive grey, dominantly moderately hard,
hard in part, friable in part, dominantly very fine to fine grained,
occasionally medium to very coarse grained in part, angular to
dominantly subrounded, rarely rounded in part, moderate to well sorted
clear to translucent to very light grey quartz, trace to occasionally
common light grey argillaceous matrix, rare to occasionally common
moderately weak to moderately strong calcareous and siliceous cement,
trace to common partially altered feldspar, trace mica, red to pink
garnet, pyrite, coaly detritus and lithic fragments, poor to very poor
visual porosity, becoming fair in coarser grained portions.
Interlaminated with:

COAL: black, firm, moderately hard in part, brittle, argillaceous in
part, subvitreous lustre in part.

1430-1550 m: SANDSTONE INTERBEDDED WITH SILTSTONE
AND MINOR CLAYSTONE & COAL

SANDSTONE: light grey to yellowish grey, friable to hard, dominantly
moderately hard, very fine to medium grained, occasionally coarse
grained, subangular to subrounded, rarely rounded in part, moderate to
well sorted dominantly clear quartz, trace to common white kaolinitic
argillaceous matrix, trace to common moderately weak to moderately
strong siliceous and occasionally calcareous cement, common pink to red
garnets, trace mica and lithic fragments, fair to occasmnally good
visual/ inferred porosity. Interbedded with:
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4.3.3.

SILTSTONE: medium light grey to light olive grey, moderately hard to
hard, blocky, subfissile in part, moderately argillaceous, trace
micromica, rare carbonaceous specks and laminae, rarely arenaceous in
part, nil to slightly calcareous, Interlaminated with/ grading to:

CLAYSTONE: light olive grey, light to medium grey, firm to hard,
dominantly moderately hard, dominantly blocky, trace micromica and
carbonaceous specks/ laminae, moderately silty, Interbedded with:

COAITL; black, firm to moderately hard, brittle, subvitreous lustre,
rarely argillaceous in part.

1550-1799m: CLAYSTONE INTERBEDDED WITH SILTSTONE
AND SANDSTONE

CLAYSTONE:; light medium grey to medium grey, occasionally dark grey to
greenish black, firm to hard, dominantly moderately hard, dominantly
blocky, rarely sticky in part, trace micromica, trace very fine quartz

sand grains, trace carbonaceous specks and laminae, rarely siliceous in

part, non calcareous. Interbedded with:

SILTSTONE: olive grey to light olive grey, occasionally greenish black,
firm to hard, blocky to occasionally subfissile, commonly argillaceous,
trace micromica, trace carbonaceous specks, trace very fine quartz sand
grains, non calcareous. Interbedded with/ grading to:

SANDSTONE: yellowish grey to very light grey, moderately hard to hard,
rarely friable in part, dominantly very fine to fine grained,

occasionally medium to coarse grained, angular to rounded, poorly to
dominantly moderately sorted clear to translucent quartz, trace to
common white kaolinitic argillaceous matrix, trace moderately strong
siliceous and calcareous cement, trace mica, garnets, carbonaceous
detritus and lithic fragments, poor to fair inferred porosity.

Upper Jurassic to Lower Cretaceous
Casterton Formation

1799-1826 m: CLAYSTONE INTERBEDDED/ INTERLAMINATED
WITH SILTSTONE AND MINOR SANDSTONE

CLAYSTONE: olive grey to medium grey, moderately hard to dominantly
hard, blocky to fissile, dominantly subfissile, trace to common

micromica and carbonaceous flecks/ laminae, non calcareous, chloritic in
part, moderately silty, Interbedded/ interlaminated with:

SILTSTONE: light olive grey to very light grey, medium grey to dark
greenish grey in part, hard to occasionally very hard, rarely firm in

. part, blocky to subfissile, trace micromica and carbonaceous specks,

moderately argillaceous, rarely chloritic in part, non calcareous, trace
very fine quartz sand grains. Interlaminated/ occasionally interbedded
with:
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4.3.4.

SANDSTONE: white to light yellowish grey, moderately hard to hard,
rarely friable, very fine to fine grained, rarely medium to very coarse
grained in part, angular to rounded, dominantly subrounded, poorly to
moderately sorted clear to frosted quartz, trace to occasionally common
light grey argillaceous matrix, trace moderately strong siliceous cement
and moderately weak calcareous cement, rare garnets, carbonaceous
detritus and lithic (volcanogenic?) fragments, poor visual/ inferred
porosity.

Palaeozoic

Basement
1826 - 1849 m (TD): METASILTSTONE & META-IGNEOUS ROCK

METASILTSTONE: medium grey to very light grey, greenish grey in part,
(cored section), dominantly hard, blocky to sub fissile appearance,
dominantly silt sized quartz, feldspar and mica, commonly argillaceous,
weakly foliated and metamorphosed, (?greenschist facies), trace to
occasionally common actinolite, chlorite and sericite, trace to

occasionally common green to bluish green fine to medium grained
meta-igneous greenschist grade lithics, trace calcite and quartz vein

(See Appendix 7 for details).

META-IGNEQUS ROCK: greenish to blue green, fine to medium grained,
meta-igneous rock with little or no deformational features. Common
amphibole (actinolite), quartz, chlorite, feldspar, carbonate, opaques

and lesser amounts of sericite and epidote. It is of intermediate
composition, though its original, probably intrusive mineral assemblage
cannot be determined. The rock has been slightly metamorphosed to lower
greenschist facies.
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4.4 ROCK UNIT NOMENCLATURE AND RECOGNITION

The names Casterton Formation and Pretty Hill Formation are used in the sense
of Tabassi & Menhennitt (1991a,b) and Geological Survey of Victoria (1994).

The Crayfish Subgroup (Morton, 1990) comprises the rock units between the
Casterton and Eumeralla formations. The Laira Formation (Morton, 1990) was
defined from South Australia; in Victoria it is confined to the westernmost
Otway Basin and to the uppermost part of the Crayfish Subgroup.

The names Otway Group (Medwell, 1954), Eumeralla Formation (Reynolds et al.,
1966) and Heathfield Sandstone Member (Hawkins and Dellenbach, 1971) have
long been used for rock units in the Otway Basin (Parker, 1993).

The rock units in Bus Swamp 1 have been distinguished on the basis of
wireline log interpretation, core and cuttings analyses and palynological
studies.

Bus Swamp 1 penetrated the basement at 1826 m. Analysis of thin sections
from 1832 m and 1840 m (Appendix 7) have identified a meta-igneous rock and a
siltstone of greenschist grade. The mineral assemblage observed in the thin
section from 1832m is similar to that of a basement core from Hawkesdale 1
(1752 - 1757 m), with "abundant chlorite and quartz with undulose extinction
consistent with greenschist metamorphism.” (Melinda Mitchell, personal
communication.) Also, there is a high degree of sericitisation and
chloritisation, along with folded quartz veins, a feature not observed in

Otway Basin sediments. The sample also displayed very low amounts of
apatite, indicating leaching of a top basement unconformity regolith zone.

The overlying Otway Group sediments display significantly higher amounts of
apatite and the fission tracks indicate a different source from the basement
rocks (Melinda Mitchell, personal communication).

An approximate interval velocity for the basement rocks has been determined.
Unfortunately the well only penetrated 23 m of basement. The time-depth
curve shows the interval velocity to be slightly more than 5000 m/s.
Calculations based on the interval between 1826 m and 1830 m, at the top of
basement, have provided an interval velocity of 5098 m/s. This velocity is
slightly higher than the 5000 m/s calculated for the nearby Casterton 1 well.
It is possible that the velocity is even higher at deeper levels with

increased metamorphism and compaction.

However, there is some evidence that these rocks could be Casterton Formation
instead of basement. Observation of seismic line HFD89-10 (Fig. 4.3) shows
that there are still reflectors below the bottom of the well. This could

indicate that Bus Swamp 1 finished in Casterton Formation. Also, the degree
of metamorphism observed in the sample at 1840 m is extremely weak. The
meta-igneous rock at 1832 m is intrusive and very thin. It could be

interpreted as being a sill, with contact metamorphism of the surrounding
sediments. However, no evidence of contact metamorphism, such as the
presence of hornfels, has been observed in the well.

The Casterton Formation (1799-1826 m) was distinguished from the overlying
Pretty Hill Formation on unique log character, particularly resistivity logs
and on the prominent continuous reflectors on seismic, typical of the
formation. There is also a marked increase in clay and siltstone content. A
lower C. australiensis to R. watherooensis zone assignment at 1787 m
indicates, however, that the Crayfish/Casterton boundary may be placed
slightly higher than this, at around 1775 m.
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The Pretty Hill Formation is characterised by interbedded sandstone and
shale. In Bus Swamp 1 (1050-1799 m) it was distinguished from surrounding
units on logs which showed alternating sandy and shaly layers. Samples
showed garnets in the sandstone units, indicative of the Pretty Hill
Formation, and supported by palynological assignments of upper

C. australiensis to F. wonthaggiensis.

The Laira Formation is the upper shaly unit of the Crayfish Subgroup. It
consists of a fairly homogenous mixture of fine sandstone, siltstone and
claystone. In Bus Swamp 1 (870-1050 m) it was distinguished from the
underlying Pretty Hill Formation by the consistently high gamma log readings.
Samples also showed higher clay content for the entire interval.

The Eumeralla Formation consists of relatively fine grained sandstones,
siltstones and claystones with some coal bands. In Bus Swamp 1 (95-870 m) it
is distinguishible from the underlying Laira Formation by its higher sand
content. The gamma ray log shows a lower response than the Laira Formation.
Samples contained a higher proportion of feldspathic material and glauconite,
indicative of the Eumeralla Formation and supported by lower C. hughesii to
lower C. paradoxa zone palynological results.

The Heathfield Sandstone Member is a relatively mature clean sandstone found
in the Casterton area. It is present in Bus Swamp 1 from 654 m to 660 m and
is distinguished by its high porosity and permeability in samples. It is

also characterised by its dominantly quartzose content and by a distinctive
perturbation on the gamma ray log.

The units above the Eumeralla Formation could not be identified positively

but are assumed to be Quaternary/Tertiary sediments. No palynology samples
were taken and the log character is obscured by the casing.
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4.5 HYDROCARBON INDICATIONS

Two significant occurrences of gas (1575.5 m and 1820 m) were recorded
and hydrocarbon fluorescence was noted at several depths.

4.5.1 Drilling Fluid Gas Readings

From casing shoe to total depth the well was monitored by a Halliburton
SDL mudlogging unit using a gas chromatograph and hot wire total gas
detector. The gas detector was regularly checked to verify its

operation and accuracy. Calcium carbide was placed in the drilling

fluid during connections and the gas trap was repositioned before taking
the second core. See Table 8 for Bus Swamp 1 gas readings and Table 9
for a breakdown of peak gas readings.

Table 8

Bus Swamp Gas Readings

Interval (m) Background (API units) Peaks Depths (m) Trip
524 - 740 0.30 0.75 570
740 - 825 0.35 1.13 742
1.30 782
1.60 822
825 - 876 0.40 0.68 837 4.00
1.78 876 148
876 - 1062 0.50 1.78 846
1.50 989
1.70 1010
1.60 1028
1.60 1064
1062 - 1112 0.40 - 0.68 0.95 1075
0.80 1084
1.04 1094
045 1105
1112 - 1180 0.30-0.76 2.76 1118 3.80
1.66 1139 3.50
2.83 1156
2.00 1160
1180 - 1228 0.30 0.45 1194 2.30
1228 - 1306 0.20-040 1.63 1298
2.93 1299.5
1305 - 1356 0.25 - 0.60 0.66 1332
Table Continued...
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~.Continued

Interval (m) Background (API units) Peaks Depths (m) Trip
0.88 1335
115 13425
10.40 1352.5
1355 - 1483 0.50-1.00 120 1378
5.10 1395
3.90 1404
1.14 1454
1.00 1476
1483 - 1509 0.20-0.30
1509 - 1515 2.20 (Coring) 8.68 1511
(Swabbing)
1509 - 1591 0.75 - 2.00 3.10 1540
7.56 1572
23.80 1576.5
7.56 1582
1591 - 1648 1.00 4.30 1599
4.60 1619
1648 - 1720 2.50-1.50 5.20 1684 -
8.00 1657
5.60 1690
3.90 1716
1732 - 1786 0.90 - 2.20 4.50 1735
. 4.50 1741
‘ 2.567 1766
6.50 1774
5.10 1772
1786 - 1790 Core taken
1790 - 1822 2.50 - 5.50 3.90 1788 7.00
6.40 1807
21.80 1820
7.50 1822
1822 - 1832 5.00 - 1.50 420 1832 27.00
1832 - 1861 No Readings.
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Table 9
Breakdown of Peak Gas Readings.

Depth (m) units C1 (ppm) C2 C3 Cy Cg
742 1.13 207
782 1.30 217
, 822 1.60 296 Tr
' 837 0.68 129 Tr Tr CO,
846 1.78 300 4
989 1.65 303
1010 1.62 300 3 Tr
1028 1.70 307 4 2
1054 1.52 296 2
1075 0.97 190 1
1084 0.87 173 2
1094 1.04 205 2
1105 0.60 115 2
1118 2.8 555 7
1139 1.61 313
1155 2.83 563 2
1160 1.92 379 1
1298 1.63 300 6
1299.5 2.93 450 6 1
1332 0.56 110 2 1
1335 0.88 177 3 Tr
1342.5 1.15 218 2
1352.5 10.4 1969 29 9 4 1
1378 1.2 252 9
1395 5.1 960 19 7 3
1404 3.9 770 5 1
1454 1.14 216 2 Tr
1475 1.7 190 7
1511 8.68 1596 27 11 6 2
1540 3.1 581 18 5
1572 7.56 1379 37 20 2 Tr
1575.5 23.8 4312 93 33 12 8
1582 7.56 1290 45 20 6 3
1599 4.3 793 22 5 3 1
1619 4.6 901 7 1
1657 8 1512 24 8 4
1684 5.2 1004 5 2
1690 5.6 1056 9 2
1715 3.9 758 3
1735 4.5 846 21 4
1741 4.5 867 15 4
1766 2.57 501
1772 5.1 981 11 2
1774 6.5 1262 11 2
1788 3.9 762 9 2
1807 6.4 1196 14 6
1820 21.8 4200 ) 65 10
1822 7.5 1450 18 5
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4.5.2

Sample Fluorescence

Core and cuttings samples were routinely checked for hydrocarbon
fluorescence under ultraviolet light. Samples were also tested

for trichloroethane cut and crush cut fluorescence.

Fluorescence was confined to the sandstone intervals.

Fluorescence was first noted in cuttings samples from the

interval 365 m to 385 m. Initially a dull yellow minor

fluorescence was observed without cut fluorescence in cuttings
samples from the interval 360 m to 370 m. From the interval 375 m
to 380 m 20% of the cuttings sample showed a dull yellow natural
fluorescence with an off white cut and residue ring. This

dwindled to 5% at around 385 m.

A dull orange fluorescence without cut fluorescence was observed

in cuttings samples between the interval 550 m to 620 m. This was
presumed to be mineral fluorescence. Minor and trace dull

orange fluorescence with no cut fluorescence was also detected

at 975 m, 1200 m to 1220 m, 1345 m to 1365 m, and 1545 m to 1560 m.

Cuttings samples from the interval 1710 m to 1740 m generally
displayed a dull orange to yellow mineral fluorescence.
However, a trace show in cuttings samples of 2 to 5%, giving an
occasional pale yellow to dull orange fluorescence with a trace
yellow white crushcut and a yellow white residue ring, was also
detected.

Fluorescence was observed on quartz grains from the interval
1815 m to 1820 m. This was recorded as 1 to 5% moderate yellow
fluorescence with no cut fluorescence and a thin residue ring.

The core samples did not display fluorescence.
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4.6 POTENTIAL RESERVOIRS
4.6.1 Heathfield Sandstone Member

This unit usually displays good porosity and permeability, and consists
of quartz rich, extremely friable sandstone. The sandstone between

654 m and 660 m in Bus Swamp 1 consists of well sorted, unconsolidated
quartz grains with some feldspathic and lithic content. No direct
porosity or permeability measurements were done on this interval, though
examination of sidewall core 41 (657 m) and cuttings indicates that
visual porosity is good. However, the potential of the Heathfield Sand
Member as a target for petroleum exploration should not be overstated.
In Bus Swamp 1 it is only six metres thick and indications from other
well data are that it is discontinuous. Also, in the Bus Swamp 1

samples there is a significant amount of argillaceous material which may
reduce the unit’s reservoir potential.

4.6.2 Crayfish Subgroup

This sequence has attracted recent interest because it contains

sandstone layers with interbedded shaly layers and is near a possible
source rock. Sandstone layers host the hydrocarbon shows in the Katnook
gas field and the Ladbroke Grove 1 well in South Australia.

Pretty Hill Formation

There is potential for the Pretty Hill Formation to trap hydrocarbons
within individual sandstone beds overlain by sealing shales. The sand
intercalations in Bus Swamp 1 are generally thin, limiting the chance of
large accumulations in this area. However, a reasonably thick sandy
succession exists between 1430 m and 1550 m. AMDEL tested two samples,
one from either end of core 2 (1509.8 - 1515.8 m), and found porosities

of 19.4% and 19.1%. Permeabilities were low at 68.7 millidarcys and

49.7 millidarcys. There are other minor sandstone units below this but
none have been tested and from the logs all show a corresponding decline

in porosity.
4.6.3 Fractured Basement

One of the objectives of Bus Swamp 1 was to test the reservoir potential
of fractured basement rocks, especially after the promising results from
the nearby Sawpit 1 well. However, no gas shows were observed below
1822 m and the basement rocks did not appear to display the fracture
based porosity observed in Sawpit 1. The log interpretation also
indicates a lack of hydrocarbons in basement units.
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4.7 SOURCE ROCK POTENTIAL

Thirteen samples were sent to Amdel for source rock analysis. This analysis
included Vitrinite Reflectance, Rock Eval Pyrolysis, Total Organic Carbon
(TOC) and Organic Petrology. Rock Eval Pyrolysis and Total Organic Carbon
measurements were also carried out by AGSO and SADME as part of their
commitment to Bus Swamp 1. The results are shown in Appendix 8 and are
discussed below.

The vitrinite reflectance profile (Fig. 4.6) shows that Rvmax=0.5% can be
reached at a depth of approximately 1350 m. However, AMDEL consider
that oil generation in this well began at around 0.45% at a depth of
approximately 1100 m. The results are significant as they are low compared
with most other wells studied in the Otway Basin. Rvmax=0.7%, the peak of
liquid hydrocarbon generation, was not reached in the well but its estimated
depth is approximately 2100 m at the Bus Swamp 1 location.

These figures indicate a greater depth of burial here than in most other
parts of the Otway Basin, a feature closely associated with the aborted rift
(Pettifer et al. 1991). Warracbarunah 2 had similarly high temperatures,
lying within the Gellibrand Trough, the eastern arm of the aborted rift.

Two sets of TOC versus depth data have been obtained from AMDEL and AGSO.
The TOC versus depth profile constructed from both sets (Fig. 4.7) shows

that out of twenty samples tested only four did not exceed 0.5% TOC, the
minimum value required for source rock generation. However, the TOC values
in general were modest, with the highest being 3.5% at 1815 m. The lowest
value was 0.18% at 756 m.

The best samples for source rock potential in Bus Swamp 1 are from shales at
the top of the Casterton Formation. Only a few samples were analysed from
the Eumeralla Formation, the best result being 1.49% at around 830 m (AGSO).
The Crayfish Subgroup was well tested and, except for two low values at 982 m
and 1325 m, the results are consistently around the 1% mark.

Organic matter in the samples is estimated to be of Type IIIII to Type IV
kerogen from Tmax and hydrogen index data. The more suitable Type II/II1
kerogens are predominant in the lower part of the section, between 1585 and
1810 m.

AMDEL also suggest that there are migrated hydrocarbons at the intervals
830-835 m and 1406 m. The first of these is most likely sourced from

somewhere in the Eumeralla Formation and the second from within the Crayfish
Subgroup, possibly from the interval around 1575 m. This indicates that

there is a degree of maturity in the sequence at this location. Also, the

potential for hydrocarbons to occupy reservoir units is relatively good.
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5. CONCLUSIONS AND CONTRIBUTION TO
KNOWLEDGE OF THE HYDROCARBON
PROSPECTIVITY OF THE AREA

The Bus Swamp 1 stratigraphic well has met most of its objectives. Knowledge
of the hydrocarbon prospectivity of the area has been increased through
detailed analysis of the three main units in the well: the Casterton

Formation, the Crayfish Subgroup and the Eumeralla Formation. Some insight
into the nature of basement rocks has also been gained. Confidence in the
area’s prospectivity has been boosted by gas shows in the well.

As discussed in section 4.5.2 fluorescence was noted at several locations in

Bus Swamp 1. The first instances were as shallow as 375 m to 380 m. Several
other intervals displayed fluorescence, including the depth 1345 m at which
Rvmax=0.5% is located. This also corresponds to a substantial peak gas reading
of 10.4 units at 1352.5 m depth. Another significant gas reading was 8.68

units at 1511 m as shown in Table 9. However, no fluorescence was seen at

this depth.

From 1572 m to 1582 m the peak gas readings were relatively high with 7.56
units each and a value of 23.8 units at 1575.5 m, including 93 ppm of C2, 33
ppm of C3 and smaller amounts of C4 and C5. The lower section, from 1511 m
down, showed consistently higher peak gas readings than the upper section,
averaging around 4 to 5 units per tested interval.

Another very high peak gas reading of 21.8 units at 1820 m corresponds roughly
to the very high TOC values obtained from AMDEL and AGSO. Most of the
hydrocarbons are considered to be generated in situ in non-reservoir rocks,

with the possible exceptions of those at intervals 830-835 m and 1406 m
(AMDEL). However, some of these hydrocarbons could have migrated into local
sandstones very near the source material. This is particularly so in the

Crayfish Subgroup. Only a relatively thin sandstone section was penetrated in
the Crayfish Subgroup between 1430 m and 1550 m, and hydrocarbon shows were
generally poor, except for 1511 m with 8.68 units.

These results indicate that the Crayfish Subgroup has the capacity to generate
hydrocarbons in local shales and is able to migrate some amounts into local
sandstones in the Bus Swamp 1 area. The shaly units appear to provide good
seals. Some shows were observed in the Eumeralla Formation but no significant
amounts were detected. It is unclear whether the formation has the capacity to
generate a significant amount of hydrocarbons in this area.

Probably the most significant result is the 21.8 units found in the upper

shales of the Casterton Formation, including 65 ppm of C2 and 10 ppm of C3. It
is a very likely source for the accumulations in the lower Crayfish units.

This has shown that there is source rock potential in the Casterton Formation.

Seismic data suggest that basement is downfaulted to the south toward the

centre of the Penola Trough. It is expected that the early history of the Bus
Swamp 1 area and the Penola Trough depocentre is much the same. However, the
centre of the trough has undergone relatively continuous burial since the Early
Cretaceous. We can therefore assume that rock temperatures will be higher
there than those of equivalent units in the Bus Swamp 1 area. This means that
the Penola Trough kitchen area is probably more prone to mature gas. It is
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also reasonable to assume that hydrocarbons from there have migrated into the
more elevated Bus Swamp 1 area.

Quality plays may exist in the northern Penola Trough, though none have been
delineated here. It is most likely that plays in this area will be fault
controlled or exist as pinchouts.

In this location it was difficult to distinguish basement rocks from Casterton
Formation due to their sometimes stratified appearance on seismic. Seismic and
well log data could not positively identify them. The heavily sericitised

volcanic rock present in the well could easily be interpreted as altered

volcanics from the Casterton Formation. Only petrographic analysis and hand
specimen examination showed that there was basement below 1826 m.

Basement rocks in the area are estimated to have an interval velocity slightly
over 5000 m/s. A velocity of 5098 m/s was estimated for those rocks between
1826 m and 1830 m in Bus Swamp 1 and this is expected to increase with depth.

The information gathered from Bus Swamp 1, in addition to the seismic and
stratigraphic work currently being undertaken by the GSV, AGSO and SADME, has
exceeded expectations in testing for prospectivity in the Penola Trough. It

has also improved our knowledge of the structural and stratigraphic history of
an area of great interest to oil and gas exploration companies. The trough
possesses mature source rocks and a number of potential reservoirs. A
prominent kitchen area exists within the trough which has been proved to
generate hydrocarbons and indications are that there is migration occurring in
the area. However, more detailed seismic mapping is necessary to delineate
potential plays. The results presented here contribute to our understanding of
the hydrocarbon potential of the Penola Trough and provide positive evidence to
continue hydrocarbon exploration within the trough.
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APPENDIX
1

DETAILS OF DRILLING PLANT




A%
<1

Rural Water Corporation

590 Orrong Road Armadale Victoria Australia 3143
Telephone (03) 50812222 Facsimile (03) 508 2686 Ausdoc DX21

DRILLING RIG _AND EQUIPMENT TO BE FURNISHED BY CONTRACTOR::

CONTRACTOR'S RIG NO 4
MAKE & TYPE OF RIG: Bourne 5,000 R
MAST: Bourne 97/300

KB TO GROUND: 3.53 metres

1. NOMINAIL DEPTH CAPACITY:

2,500m with 4 1/2" Aluminium drill pipe

2.  DRAWWORKS:

* Madified Ideco H-20 dual drum 1" drilling line, g-16"

sandline.

DRAWWORKS:

Deutz F12L 413 diesel engine, heavy duty intermittent

rating 320 HP at 2,250 RPM.
TORQUE CONVERTER:

Allison TC 500.
TRANSMISSION:

4 speed Allison.

CLUTCHES:

Fawick 26  Cb525 on main drum. Fawick 22 Cb380
sandline.

HYDRAMATIC BRAKE:

Parkersburg 122.

3.  DERRICK:
Bourne 97/300 free standing open face telescopic mast.
WORKING HEIGHT:
97' above rotary table.

CAPACITY:

300,000 lbs

The RWC is an Equal Opportunity Employer ensuring a fair go for peaple.

on




10.

CROWN:

Bender type for 4, 6 or 8 lines.

FINGER BOARD:

2,500m (136 stands, range 2 doubles) 4 1/2" drill pipe.
ACCESSORIES:

- Crown saver

- Crown safety platform

- Integral ladder
- Tong counterbalance weight guides

SUBSTRUCTURE:
Set back capacity - 240,000 1lbs.

ROTARY TABLE:

17 1/2" Ideco 325 Ton capacity powered through a heavy
duty Lippe Rollway oil bath, adjustable slip clutch.

TRAVELLING BLOCKS:

Four sheave 100 Ton McKissick.

SWIVEL:

National N35, 112 Ton.

MUD PUMPS: P

1 6" x 12" National powered by GM 671 440 H.P. diesel
engines, Hydraulic HP 329. '

17 1/4" x 12" Gardner denver powered by GM 671 440 H.P
diesel engine. Hydraulic HP 226. Both fitted with spark
arrestors and BCF shutdown.

MUD TANKS:

Shaker tank capacity 300 bbls. Suction tank capacity 228
bbls. Trip tank capacity 30 bbls.

MUD CLEANING EQUIPMENT:

Baroid 4 cone desander.
Dresser 4 cone desilter.




11. SHALE SHAKERS:

2 x Double Brandt

12. MUD MIXING SYSTEM:

5" x 4" mission centrifugal 12" impeller driven by 3
cylinder Deutz diesel engine.

PITT AGITATORS:

All pits fitted with submerged guns.

13. BLQW&HI_EBEYENIEBS:

1-9" x 3,000 PSI Beagan Torus Annular Preventer.
1-9" x 3,000 PSI Shaffer Double Ram Preventer.

14. EKELLY:
5 1/4" oD x 3 1/4" ID x 37 ft working length.

15. DRILL PIPE:
500' 4 1/2" 16.60 lb/ft Grade "E" 4" IF Tool Joints.

7,000'" 4 1/2" 10.00 1b/ft Reynolds Aluminium drill pipe
with 4 1/2 IF Tool Joints.

16. HEAVY WEIGHT DRILL PIPE:
16 joints 4 1/2 x 30' HWDP with 4 1/2 IF Tool Joints.

17. DRILL COLLARS:
4 joints 8" x 2 3/4" DC's with 6 5/8" Reg Tool Joints.

20 joints 6 1/2" x 2 12/16" DC's with 4" IF connections.

18. ROTARY SUBSTITUTES

As required to connecting all items of contractors drill
string.




19.

20.

21.

22.

23.

CASING HANDLING EQUIPMENT:

Single Joint Elevators: For 13 3/8:, 9 5/8", 7" & 5 1/2"
Side Door Elevators For 13 3/8", 9 5/8", 7" & § 1/2"
Slip and Bowls For 13 3/8", 9 5/8", 5 1/2"

Rotary Table Slips For 7" & 5 1/2"
FISHING EQUIPMENT

Overshots: 9 5/8" Bowen series 150 FS
8 1/8" Bowen series 150 FS
Above overshot equipped with grapples,
controls and packoffs to catch all sizes
of contractors drill string.

SURVEY INSTRUMENT:

Slim Hole Totco.

FUEL STORAGE:
20,000 litre capacity.

WATER STORAGE:

600 BBL tank.
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Rural Water Corporation

590 Orrong Road Armadale Victoria Australia 3143
Telephone (03) 508 2222 Facsimile (03) 508 2686 Ausdoc DX21

OUR SPECIFICATION RIG 4

1.1 CENERAL DESCRIPTION: The BOURNE 5000R Trailer Mounted

: Rotary Table Type Drilling Rig is a
multi-purpose rig suitable for water
well, stratigraphic and production
drilling and servicing by mud rotary
and air drilling methods when fitted
with suitable options.

CAPACITY:

The BOURNE 5000R in favourable
drilling conditions has a depth
capacity of 2500 metres when using 6
1/4" drill collars, 4 1/2" Hevi-
wate, 4 1/2" Steel and 4 1/2"
Aluminium drill pipe.

1.2 MAST: MAST DESCRIPTION:

The free standing, open face
telescopic mast, model BOURNE 97/300
is designed to the Australian
Standards which exceeds API
requirements. The basic structure
consists of square and rectangular
steel tubing electrically welded and
reinforced for maximum strength.

CAPACITY

The mast has a working height above
the rotary table of 30 metres (98').
The gross capacity rating is 300,000
lbs with a maximum hook load
capacity of 200,000 lbs.

The RWC is an Equal Opportunity Employer ensuring a fair go for people.




RAISING AND TELESCOPING:

The mast is raised from, and lowered
to, the travelling position by
multi-stage, double acting hydraulic
cylinders fitted with safety check
valves. The upper mast section is
extended and telescoped using 2 wire
line bridle attached to the
travelling block.

LOCKING

The lower mast is held in the
vertical position against heavy duty
A-frame supports. Both A-frames and
mast are secured to the permanently

attached working platform, by
quickly installed, tapered drive
pins.

A remotely operated, heavy duty
locking mechanism controlled from
the driller's position secures the
extended upper mast during the
drilling operation.

CROWNS :

Bender type for 4, 6 and 8 line
string up with conventional block to
hang flat with mast face:

- Three 71lmm (28") diameter
sheaves in 1line, grooved 25mm
(l").

- Three 609mm (24") diameter
sheaves cross mounted, grooved

25mm (1".
- TwO 356mm (14m) diameter
sandline sheaves in line,

grooved 14mm (9/16").

Crown sheaves are cast steel to API
specification and mounted on
precision bearings.

PIPE RACKING:

Racking board is lowered into
working position as mast is elevated
vertically and raised into its
folded position for transport when
mast is brought horizontal.




1.3 DRAWWORKS:

Racking board height is set to
handle double range 2 tubulars.
Board fingers are set to suit 4 1/2"
drill pipe while collar fingers can
accommodate either 6 1/2" or 8"
diameter collars. Capacity of rack
for double zrange 2" - 4 i/2"
tubulars is 2500 metres and 183
metres (600 feet) of 6 1/2" or 8"
collars. ' |

ACCESSORIES:

- Integral climbing ladder.

- Crown safety personnel platform.

- Two tong counterbalance weight
guides.

- Feed through dead 1line anchor
permits main hoist line storage.

Tandem style frame is of fabri-form
construction for maximum rigidity.
The main drum is of welded steel and
keyed to the shafts which are
mounted in self-aligning roller
bearings with high  torque main
clutch on one end. The sandline drum
is free-spooling and driven through
on air clutch.

MAIN DRUM:

Barrel Length: 958.8mm (37-3/4")
Barrel Diameter: 323.8mm (12-3/4")
Brake Width: 177 .8mm (7")
Brake Diameter: 863.6mm (34")
Brake Wrap: 330°

Brake Area: 88387mm? (1370" 2)

Line Pull 1lst Layer:

lst Gear: 11,464 Kg (25,220 1lb)
2nd Gear: 6,276 Kg (13,807 1b)
3rd Gear: 4,304 Kg ( 9,470 1b)
4th Gear: 3,103 Kg ( 6,827 1b)

Line Speed 1lst Layer:

1lst Gear: 100m/mm (327 f£t./min)
2nd Gear: 182m/mm (598 ft./min)
3rd Gear: 265m/mm (871 ft./min)

4th Gear: 368m/mm (1210 ft./min)




"

Line Capacity 25mm (1")
786m (2580 ft.)

Grooved: Lebus 25mm (1")
Clutch: Fawick 28CB 525

AND E:

Barrel Length: 958.8mm (37 3/4")
Barrel Diameter: 323.8mm (12 3/4")
Brake Width: 177.8mm (7")
Brake Diameter: 863.6mm (34")
Brake Wrap: 330°

Brake Area: 88387mm? (1370" 2)

Line Speed 1lst Layer:

1st Gear: 7110 Kg (15643 1b)
2nd Gear: 3900 Kg (2582 1b)
3rd Gear: 2668 Kg (5870 1b)
4th Gear: 1970 Kg (42391b)

Line Speed 1lst Layer:

1st Gear: 1l6lm/min (527 £t./min)
2nd Gear: 293m/min (962 f£t./min)
3rd Gear: 428m/min (1406 ft./min)
4th Gear: 593m/min (1947 £t./min)

Line Capacity 14.2mm (9/16"):
2530m (8300 f£t.)
Clutch: Fawick 22 CB 500

BRAKES :

Double brakes are self-energising,
equalising with single point
adjustment. Brake operating shafts
are ball bearing mounted. Brake rims
are splash water cooled.

DR :

Main power input drive is fully
enclosed in a chain case and oil
bath lubrication. All other chain
drives are protected with safety

guards and have drip fed
lubrication. Main shaft bearings and
linkage bearings are pressure

greased from a central point.

HYDROMATIC BRAKE:
The main drawworks shaft and

bearings have been increased in size
and capacity above standard to
withstand the braking torque of the
hydromatic brake.




1.4 ROTARY TABLE:

1.5 ENGINE UNIT:

A Parmac 122 model double rotor type
hydromatic brake is provided and is
driven via an o0il bath chain with
air operated dog engagement. All
controls are provided at operator's
position.

A heavy duty oilfield rotary table
with 444.5mm (17 1/2") API opening
is fitted to the permanently
attached working platform. The gear
train comprises precision cut spiral
bevel gears made from forged alloy
steel, heat treated for maximum
life.

The large diameter pinion shaft is
mounted in a cartridge type housing,
allowing easy bearing removal. The
cast steel quill is mounted on high
load capacity main ball bearings
retained in the heavy duty main
housing. Lubrication of the gears
and bearing si by oil bath and
splash. Split type API dimensioned
mast bushing is fitted to the rotary
table to enable use of rotary slips.

CAPACITY:

115 tons dynamic at 125 RPM
325 tons static loading.

DRIVES:

Venturetech hydraulic - model UHR-
14K, driven by 6 cylinder Deutz
motor. :

Deutz F12L 413F direct injection

diesel engine heavy duty
intermittent rating 320 HP at 2250
RPM. Mounted forward of = the

drawworks to power both drawworks
and auxiliary hydraulic systems.

Power from the engine is delivered
smoothly to the drawworks through an
ALLISON HT 740 automatic
transmission mounted directly to the
engine, enabling more efficient use
of drawworks speeds when operating
with either minimum oOr maximum
loads. The power-shift transmission
has four (4) forward speeds which
can be selected from the driller's
control console.




1.6 HYDRAULICS:

1.7 AIR SYSTEM:

1.8 TRAILER:

Transmission fluid is cooled by
water to oil heat exchanger fed from
main fresh water tank by pressure

pump.

The auxiliary hydraulic functions
are supplied by a fixed displacement
hydraulic pump driven from the
engine unit. Capacity of the pump is
190 Litres per Min. (50 Gal/min)
140.6Kg/cm® (2000 PSI).

The hydraulic tank is fitted with
filter cap, o0il level/temperature
gauge, return line 10 micron filter
and has a capacity of 757 Litres
(200 Gals).

Compressed air for the operating
controls is supplied by an auxiliary
(24 CFM) -piston compressor driven
from the tool house. The air system
comprises a reservoir, safety wvalve,
filter, lubricator and regulator.

Heavy duty goose neck type trailer
mounted on tri-axle rear suspension.

Electrically welded basic
construction of wide flange 457mm
(18") H-Bearn cross members. All

open deck area covered with non-slip
chequer plate.

Goose neck fitted with H.D. 3 1/2"
SAE king pin, day fuel tank fitted
to goose neck. Suspension ETE, 3-1,
11 leaf spring packs cert:LfJ.ed 27T
capacity.

Hinged and removable walkways .9m (3
ft.) wide extend either side of the
lower trailer frame. These walkways
are supported on retractable arms
and are covered with steel chequer
plate. The walkways fold up for
highway travelling with the 3m (9.8

ft.) overall width.

Walkways are fitted to either side
of +the permanent working platform.
Four (4) stairways, fabricated from
non-slip steel chequer plate,
connect the upper and the lower
walkway and provide access either
side from the ground to lower
walkways.




1.9 DETACHABLE PLATFORM:

. 1.10 JACKS:

Handrails, provided with toe boards
are attached to all walkways and
stairways.

An additional detachable working and
racking platform is supported
against the rear permanent working
platform by links and tapered drive
pins to eliminate stress from rig
main frame should detachable
platform settle when maximum pipe
and collar weight is racked.

This platform has hardwood timber
inserts for standing tubulars when
using the racking board.

Walkways .9m (3 ft.) wide are
attached on the three (3) sides.
Reinforcing struts support these
walkways to accept the extra tooling
weights.

The platform is fitted with
handrails complete with toe boards.
The handrails are all linked
together for added strength.

The Vee-door section is reinforced
with pipe slide and stairways
attached and supported on the pipe
trailer.

Clearance beneath both permanent and
detachable platforms is 2.13m (7
ft.) x 2m (6.56 ft.) diameter to
accept B.0.P. equipment. .

Six (6) - heavy duty hydraulic

_stabilising jacks, enclosed in steel

tubular housings for radial load
protection and fitted with pilot
operated locking valves, are
mounted, Two (2) at either side of
front goose neck and four (4) behind
the rear axles on the main frame
below the permanent working platform
to speed initial set-up.

Two (2) additional support frames
attached, one (1) on either side: of
the rear platform support columns
are fitted with mechanical screw
jacks. These support frames enable
the greater mast height and loadings
to comply with the turn over
prevention regulations.




1.11 CONTROLS:

Heavy duty mechanical screw jacks
are mounted on each of the four(4)
main vertical columns of the
detachable working platform to level
and support the platforms maximum
load capacity.

The complete console mounted at the
drillers position, outside of the
mast support A-frame on the extended
walkway provides clear wvision of the
rotary table, racking board,
derrickman,crown and the equipment
on the machinery deck. The console
has all the air controls for the
drawworks, rotary table, main and
auxiliary mud pump, transmission
gear shift, main compound engine,
main mud pump and remote auxiliary
mud pump engines start, stop and
throttles. Hydraulic controls for
the catworks, spinning winch and
accessories are mounted in the front
of the console.

All engine tachometers, air pressure
and hydraulic pressure gJauges are
mounted in the console.

Also mounted at the drillers console
are the Koomey B.O.P. actuating and
closing controls.

A remote hydraulic control for the
kelly spinner and tugging winch is
mounted at the rear of the
detachable platform beside the pipe
slide.

The console can be removed for major
highway travelling by disconnecting
hoses at the bulkhead and sealing
with caps supplied. At the driller's
position are the drawworks brakes
which can also be removed for
highway travelling.

The hydraulic controls for the
stabilising jacks and mast 1lift are
mounted on the lower rig frame.
These controls are automatically
isolated once the rig is set up,
eliminating the accidental
functioning during the drilling
operation.




1.12 CATWORKS: Precise tong torque for make-up and
break-out is effected by the use of
the hydraulic catworks with the
operating cylinders mounted in the
frame below the drawworks. Sheaves
and pulleys relay the tong lines to
the working platform.

1.13 STANDPIPE: The 114mm (4 1/2") 210 Kg/cm® (3000
PSI) W.P. standpipe is mounted to
the front of the lower mast and is
complete with fabricated goose neck
and 4" N.R.T. hammer unions top and
bottom. A 3m (10 ft.) 280 Kg/cm®
(4000 PSI) W.P. 76mm (3") I.D.
jumper hose connects the standpipe
- to the manifold.

The 11l4mm (4 1/2") 210 Kg/cm? (3000
PSI) W.P. manifold is fitted each
end with 4" N.P.T. hammer 1lock
unions, one (1) 76mm (3") Demco main
valve, two (2) 50mm (2") Demco
auxiliary valves and one (1) Type
"D" master mud gauge 420 Kg/cm?
(6000 PSI). Another 3m (10 £t.) 280
Kg/cm? (4000 PSI) W.P. jumper hose
connects the manifold to the main
mud pump delivery line.

1.14 KELLY: 133.3mm (5 1/4") x. 70mm (2 3/4")
I.D. x 11.3m (37 ft.) working length
A.P.I. hex kelly 4 1/2 API Reg. L.H.
box upper connection and 4 1/2" API
If pin kelly saver sub and A.P.I.
. roller type taper drive bushing
capable of suiting kellys down to
88.9mm (3 1/2") square.

1.15 SWIVEL: : 57mm (2 1/4") I.D. oil bath
lubricated swivel working pressure
210 Kg/cm® (3000 PSI) API rated
capacity, dynamic 92 tons static 184
tons. Lower connection 4 1/2" API
Reg. L.H box goose neck 4" N.P.T.
pin connection.

The swivel is complete with a 76mm
(3") bail and has rubber bumpers
fitted to protect the body from the
elevator links.




1.16 ROTARY HOSE:

1.17 BLOCK:

1.18 AUXILIARY WINCH:

1.19 INSTRUMENTS:

1.20 DRILLING LINE:

76.2mm (3") I.D. x 16.7m (55 £t.)
double wire braid complete with high
pressure 4" N.P.T. couplings, API
rated working pressure 280 Kg/cm®
(4000 PSI).

A four (4) 762mm (30") diameter
sheave travelling block complete
with combination elevator and safety
hook API rated capacity 100 ton.

Auxiliary hydraulic winch for tool
handling is mounted on the drawworks
frame and has a capacity of 2
tonnes.

Geolograph - Pioneer Type "G" weight

indicator system consisting of
3048mm (12") gauge with single dial,
and two (2) pointers - one (1) for

hook load, the other adjustable use
as reference to drill by or to pull
to. Graduated in English using 4, 6
and 8 lines having 25,000 to 30,000
1b single line pull.

National type "G" deadline anchor
with 16.1 sqg. inch load cell, 25 ft.
hose and gauge protection box.

609mm (2000 ft.) x 25.4mm (1") main
line API 1828m (6000 f£ft.) =x 14mm
(9/16") sandline API.
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Summary of Wellsite Operation

The well was spudded in unconsolidated sand on November 19th 1992.
At a depth of fifteen metres the hole began to wash out around the
conductor and also around the outside of the collar. A twenty sack
cement plug was set and drilling continued. Large amounts of sand
were displaced by the circulation, filling and overflowing the
possum belly. At sixty five metres depth the hole again washed out
around the conductor and collar and two further twenty sack

“cement plugs were set before it was possible to drill ahead.
Casing point was reached without further incident.

The first attempt to run casing was unsuccessful, when a bridge
was encountered at sixty five metres. After reaming back to bottom
the casing was successfully run and cemented with two hundred
sacks of cement.

The blowout preventers were then installed and successfully tested.
The float collar and casing shoe were drilled out with an 8-1/2"

bit. Following a leak off test the hole was deepened to 344 metres
and the rig was then shut down for the weekend.

Following the weekend break, drilling resumed. The hole was deepened
to a total depth of 1849.46 metres. Four cores were cut and wireline
logs, including two guns of sidewall cores, were run. A velocity survey
was also carried out. Following wireline logging operations the well
was plugged and abandoned.

During the drilling of the 8-1/2" hole section the rig itself performed
well, requiring little more than routine maintenance. Significant
amounts of drilling time were lost due to regular breakdowns of the mud
pumps.

Problems ranged from minor seal washouts to major mechanical failures
which more often than not left the operation with only one operating
pump, and at times no pump at all. Time lost due to regular drive chain
breakage, particularly in the final week of drilling, was the fundamental
reason the programmed total depth of 1950 metres was not achieved.

The Halliburton SDL logging unit performed well and also supplied
pump stroke and pit level information to the drill floor. The Halliburton
Logging Services wireline operation also performed efficiently, although
the sidewall core recovery was poorer than expected. The Velocity Data
velocity survey was performed very efficiently and without complication.

‘The drilling fluid programme supplied by Baroid proved relatively
reliable, though the mud was a little too heavy due to absorption of
clays from the formation. As outlined in Appendix 5, this is difficult
to control and probably slowed drilling rates.

The well was then plugged and abandoned, and the rig was released.




|
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DISCUSSION BY INTERVAL

12 1/4" Hole (Surface to 216 m) - 6 days
9 5/8" Casing Set at 205 m

The well was spudded with a freshwater bentonite mud and drilled to 15
metres when washing out around the conductor occurred. Large volumes of
unconsolidated sand were displaced and quickly filled the possum belly

and blocked shaker screens. Wash-out was also occurring around the
outside of the collar and drilling mud flowed across the lease.

A twenty sack cement slurry with one sack of calcium chloride was mixed
and pumped down the hole. Surface samples of the cement failed to

harden within the expected time. It was eventually realised that the
cement being used was Adelaide Brighton Class GB, a blended cement with
30% clinker to retard setting.

After a weekend break drilling resumed and at 65 metres the washouts
occurred again. A second twenty sack plug of class GB cement was set
and failed to harden. The problem with the cement was solved when the
well site geologist phoned the Adelaide Brighton cement company for
details of cement types. It should be noted that class A cement is the
appropriate type for this application.

After further washout at 65 metres a third cement plug, of twenty sacks
of class A cement, was set at the bottom of the conductor. Drilling
resumed with a high viscosity bentonite mud mix and casing point was
reached without further problems.

The first attempt to run casing was hung up by a bridge at 65 metres.
The casing was pulled out and the tight section reamed.

The casing was then successfully run and cemented by Halliburton with
9204 sacks of class A cement. There were no cement returns to surface.

DISCUSSION BY INTERVAL
8 1/2" Hole (216 m to 1849 m) - 21 days

After drilling out the cement with fresh water a KCL Polymer mud was
used. Cement contamination caused high pH and viscosity problems which
were successfully controlled by freshwater dilution and dumping the sand
trap to allow further dilution with fresh premix.

Fluctuations in yield point and water loss were routinely treated with
polymer. Viscosity was treated with bentonite gel.

Hole conditions remained relatively good throughout this section. The
first trip back through drilled sections required some reaming, a
common occurrence in the Eumeralla and Pretty Hill Formations. Minor
over-pull also occurred sporadically when pulling out from a freshly
drilled section.

After initial reaming no further problems were encountered.




Throughout most of this section the mud weight remained unfavourably
high. The desilter was kept running continuously and was discharging
mud up to 11ppb. The desander was not fully operational. The higher
than expected mud weight contributed at least partially to the low rate
of penetration. The high mud weight was caused by absorption of clays
into the mud from the formation. This cannot be efficiently countered by
the solids control equipment.

From 750 metres onwards connection gas and trip gas were significantly
above average background levels. As mentioned previously the formation
in this section are somewhat tight after initially being drilled.

Because of the tightness some swabbing will occur resulting in elevated
gas levels.

The mud formula used was satisfactory, resulting in good final hole
conditions. The high mud weight, however, needs to be considered
because of its effect on rate of penetration. A mud formula less likely
to absorb clay from the formation would be more preferable.

Following drilling, logging and sidewall coring were successfully
carried out before the well was plugged and abandoned.

CMenhennit2/cbb
23 March 1993
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