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1. GENERAL DATA

1.1 GENERAL DATA TABLE

Well name
Well Type
. License
Area

Total Depth
Status

Participants

Surface Location:

Seismic Line
Shot point
Latitude
Longitude
Easting (AMG)
Northing (AMG)
Ground Elevation
KB Elevation

Date Spudded (-1)
Date at TD. (-1)

Date Rig Released (-1)

Date Spudded (-1A)

Date PandA (-1A)
Rig Released (-1)

Drilling Contractor
Rig

Hole Sizes

20” Casing

13 3/8” Casing
9 5/8” Casing
Estimated Cost

Loy Yang-1A

Exploration

PEP 124

Onshore Gippsland Basin Victoria

1736 m RT

Plugged and Abandoned

Capital Energy NL (Operator) 57.5%
Sagasco Resources Limited 25%
Sun Resources NL 12.5%
Tyers Petroleum Pty. Ltd. 5%

Victorian Geological Survey funded drilling from 1700 to 1736m.

1000m west of Loy Yang A power station and 200m south of Bartons
Lane-Latrobe Valley, Gippsland.

not applicable

not applicable

38°15° 13”7

146° 33’ 317

461 382.8 (AMG Zone 55/AHD)

5765 939.8

97.2m

100.4m

7 October 1994.
21 October 1994.
21 October 1994.

30 October 1994.
12 December 1994.
13 December 1994.

Rural Water Commission
Rig 4

174" 0-136 m
1247 136-362.7m
814 362.7-1736 m
10m

114.8m

354m

$1,042. 454
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1.2 SUMMARY

Loy Yang-1A was the first modern well to be drilled within the onshore Gippsland Basin Petroleum
Exploration Licence PEP 124 (refer to Figure 1). Under a transfer of operatorship, SAGASCO
Resources Limited the original operator of PEP 124, farmed out to Quicksilver Resources N.L. who
elected to drill a well at Loy Yang to earn a 75% equity in the permit. Quicksilver Resources (re-
named Capital Energy N.L.) farmed out 12.5% to Sun Resources. Tyers Petroleum Pty. Ltd. had a
5% free carried interest in the well through a previous agreement.

The objective was to test the full stratigraphic section of the Lower Cretaceous Strzelecki Group for
hydrocarbons in a structural trap. The primary objectives were the Rintouls Creek Sandstone and
Tyers Conglomerate. These units outcrop some 12 km to the north east on the northern margins of
the Latrobe Valley (refer to Figure 2). Previous oil exploration wells have drilled into the Strzelecki
Group, but most failed to make significant stratigraphic progress.

Recent successes in finding commercial hydrocarbon reserves in similar aged Pretty Hill Sandstones
in the nearby Otway Basin encouraged the Joint Venture to explore this analogous play in the
Gippsland Basin.

The well location was chosen at a near crestal position on the Loy Yang Dome, a large Tertiary
domal-anticlinal feature located in the central part of the Latrobe Valley. The dome had been
mapped in detail utilising the very extensive brown coal exploration drilling data base associated with
open cut coal mining operations nearby. At the Base Tertiary-Top Strzelecki Group level the dome
has approximately 20 km? of closure.

The crest of the anticline also coincided with a minimal thickness of the overlying Tertiary section so
that maximum penetration of the Strzelecki Group could be achieved. Mainly due to geophysical
difficulties in acquiring accurate data beneath the overlying brown coals, previous seismic acquired
nearby (e.g. SAGASCO 1991 Traralgon Seismic Survey) had been unable to distinguish Strzelecki
Group structure at depth. A gravity survey undertaken on behalf of the Joint Venture by Tyers
Petroleum together with computer modelling was later used to derive structural configuration of the
dome and estimate depth to basement (refer to Figure 3).

Loy Yang-1 was spudded on 7 October 1994. Circulation was lost in the upper sandstones of the
Tertiary Latrobe Valley Group. Drilling proceeded without circulation to 217m and 9 °/g” casing set
at 181.75m. Drilling with returns proceeded until 323m in Strzelecki Group siltstone where the drill
string became stuck. Two deviations from 187m failed and the rig was then moved 500m to the Loy
Yang-1A location

Drilling at Loy Yang-1A commenced on 30 October 1994. Circulation was again lost in the upper
sandstones of the Tertiary Latrobe Valley Group and drilling proceeded without returns to 136m.
The hole was then cased with 13 */g” casing to 115m. Drilling recommenced on 7 November at
136m in tuffs and claystones of the Tertiary Carrajung Volcanics. The Strzelecki Group was
encountered from 148m to 163m (Unit 1) where the drill string became stuck, probably due to
expanding claystones of the Carrajung Volcanics. The difficult zones were cemented off and drilling
proceeded in Strzelecki Group interbedded siltstone, sandstones and claystones to 363m (Unit 1-2).
The 9 */g” casing was run in to 354m and rig repairs undertaken.
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Drilling recommenced on 24 November and continued in Strzelecki Group sediments comprised
broadly of the following:

363-478m interbedded siltstone, sandstones and claystones (Unit 2);

478-642m sandstones and siltstone (Unit 3);

642-768m interbedded claystones, siltstone and sandstones (Unit 4);

768-828m claystone and minor coal (Unit 5);

828-952m sandstone with interbedded siltstone (Unit 6);

952-1023m claystone with minor coal (Unit 7);

1023-1057m sandstone and siltstone (Unit 8);

1057-1129 claystone and coal (the Wonthaggi Coal Measures-Unit 9);
1129-1238m interbedded sandstones with siltstone and claystones (Unit 10);
1238-1399m interbedded siltstone with lesser sandstones and claystones (Unit 11)
1399-1551m interbedded siltstone with sandstones and claystones (the Wonthaggi Subgroup-Unit
12).

From 1551-1676m the Rintouls Creek Sandstone was encountered comprising mainly sandstone with
a slightly coarser grain size than the sandstones of the Strzelecki Group above.

From 1676-1736m interbedded conglomerates and sandstones attributed to the Tyers Conglomerate
were encountered.

At 1700m a DLL-MSFL-SONIC-GR-SP log was recorded.

According to an agreement reached prior to spud of the well, additional funding to drill if possible to
basement (having already evaluated the commercial potential of the well) was obtained from the
Victorian Geological Survey. At 1736m TD mechanical problems precluded further progress. A
LDL-CNL-GR and dipmeter log suite was run, evaluated and the well then plugged and abandoned
on 12December at 1736m TD.

Only low or insignificant reservoir porosities were recorded while drilling or recognised on logs.
The objective Rintouls Creek Sandstone appeared to contain a siliceous-carbonate cement
(dolomitic) and was not porous. The Tyers Conglomerate objective had poor reservoir qualities and
a siliceous-calcareous matrix.

Traces of methane from 235m accompanied most claystones and coals. Below 540m the traces were
common and comprised a fairly regular background of around 10-30 ppm. Methane peaks up to
0.6% accompanied by traces of ethane occurred in the Wonthaggi Coal Measures between 1057-
1129m. Fluorescence was detected in air dried carbonaceous claystones and coals below 960m,
comprising faint streaming pale yellow cut to patchy yellow white film. Trace residual ring
fluorescence occurred in carbonaceous siltstone below 1260m. Up to 20% very dull yellow pin point
fluorescence was recorded in fine sandstones at the top of the Rintouls Creek Sandstone between
1552-1558m but no visible porosity was present. Similar shows were recorded from a sandstone at
the top of the Wonthaggi Subgroup (Unit 12). A subsequent log interpretation confirmed the lack of
porosity. Due to the lack of porosity no DST or wireline testing was carried out and the well
plugged and abandoned.

Note: Unless specified otherwise, all depths in this report are below rotary table (RT).
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1.3 PREVIOUS DRILLING

The nearest well to Loy Yang-1A is the 1921 Boola Boola-1 oil bore near Tyers, about 12 km to the
north-east. At this well drilling ceased in the Tertiary Latrobe Valley Group at 557m. Reports of oil
film and gas were recorded between 417-530m (refer to Figure 4). Only a lithology description is
available.

The nearest conventional oil well is the APM Rosedale-1 drilled on the crest of Snake Ridge near
Rosedale in 1960. It is located 25 km to the east north-east of Loy Yang-1A and drilled 714.7m of
Tertiary Latrobe Valley Group and 1064m of Strzelecki Group. Its structural position remains
conjectural but probably is located near the crest of the Snake Ridge Anticline. No shows were
reported and the well reached TD in the Strzelecki Group at 1778.7m. A number of cores were
recovered and a suite of resistivity logs run.

In 1963 ARCO drilled Bellbird-1, 41 km east, to 761.9m. The well encountered 283.7m of Tertiary
Latrobe Valley Group and 478.2m of Strzelecki Group. No shows were reported. A set of logs
were run including electric and lateral. A mud gas detector was installed. Based on Tertiary coal
drilling information, the well is located on the crest of the Baragwanath Anticline. This structure is
separate to the Loy Yang Dome and has a number of culminations along its length.

In 1961, 65 km east, ARCO-Woodside Oil Co. drilled Wellington Park-1. This is the deepest well
in the onshore Gippsland Basin and penetrated 1027.1m of Tertiary Seaspray/Latrobe Groups and
2633.7m of Strzelecki Group to reach 3660.8m TD without intersecting basement. The structural
configuration of this area remains in doubt, but from gravity information the well appears to have
drilled into the centre of a major gravity low trending eastwards from the centre of the Latrobe
Valley into the central deep of the offshore basin. A conventional suite of resistivity-lateral and sonic
logs were run together with a comprehensive coring program. Up to 20% fluorescence was recorded
in core at 2249m and at 2670-2709m and 1554m of gas cut salty water and mud was recovered from
a DST. No other shows were noted.

A number of wells drilled principally by ARCO-Woodside Oil Co. in the 1960°s are located along or
near the coastline of Gippsland and some penetrated up to 500m of Strzelecki Group usually
underlying 600-800m of Tertiary section. The most significant hydrocarbon test was in North
Seaspray -1 where wet gas was recovered from a DST of the upper beds of the Strzelecki Group.
Duck Bay -1 was the only well in this series to penetrate through the Strzelecki group to reach
basement and is located on the northern margins of the basin near Bairnsdale. Here the Strzelecki
Group was only 149.3m thick and is underlain by 289.2m of volcanics and Permian sediments over
basement at 1256.9m.

The following table attempts to correlate the stratigraphy of the two nearest wells to Loy Yang-1A.
Correlation and subdivisions of the Strzelecki Group are provisional only, due to the lack of quality
logs run in the older wells and their unknown stratigraphic position at TD. A cross-section of these
wells is shown on figure 5.
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1.4 LOY YANG-1A WELL CORRELATIONS

Formation Loy Yang-1A Rosedale-1 Wellington Park-1
m RT m SS m RT m SS m RT m SS

Top Haunted Hill Formation 0 0 0 0 0 0

Top Latrobe Valley (or 23 19.8 51.8 48.8 115.8 109.4

Seaspray) Group

Top Carrajung Volcanics 130 126.8 not not not not
present | present present present

Top Strzelecki Group 148 144.8 714.7 711.7 1027.1 1020.7

Top of Unit 4 642 638.8 924 921 1981.1 1974.7

Top of Unit 5 768 764.8 1112 1109 22249 2218.5

Top Wonthaggi Coal Measures | 1057 1053.8 1408.1 1405.1 2517.5 2511.1

(Unit 9)

Top sand Wonthaggi Subgroup | 1399 1395.8 1756 1753 ? ?

(Unit 12)

Top Rintouls Creek Sandstone 1551 1547.8 not not ? not ? not
reached | reached reached reached

Top Tyers Conglomerate 1676 1672.8 not not ? not 7 not
reached | reached | reached reached

D 1736 1732.8 1778.7 1775.7 3660.8 3654.4

2.  GEQLOGY

2.1 REGIONAL GEOLOGY

2.1.1 TECTONIC SETTING

In Jurassic-Early Cretaceous times the onshore Gippsland Basin developed as a symmetrical
rift associated with the early stages of continental break up of Gondwanaland. The symmetry
seen by the manner in which basement occurs on the northern and southern sides of the basin
in the form of two terraces converging westwards. The axis of the basin was located along the
central deep in the offshore which trends updip to the west to merge with a deep gravity low
positioned in the centre of the Latrobe Valley. This axis is further accentuated by the onlap of
the Neocomian Tyers Conglomerate onto basement on the northern terrace and, as a mirror
image, the Chitts Creek Conglomerate onlapping the southern terrace.

In the lowermost Early Cretaceous Neocomian times rapid down-warping occurred with the
central deep as the axis. Deposition of conglomerates and sandstones which included the
Tyers Conglomerate and the Rintouls Creek Sandstone commenced. In late Neocomian times
a tectonic pulse occurred which initiated the rapid deposition of a series of first cycle
volcanogenic sediments, the Strzelecki Group, into newly created basins created by syn-
depositional normal faulting with a dominant north-east south-west and east west trend. This
sedimentary and tectonic change is thought to result in a Barremian - Aptian unconformity (top
Wonthaggi Subgroup-Unit 12) noted on the Loy Yang-1A well logs.

In mid Cretaceous times a second tectonic pulse occurred when associated volcanism and
dykes intruded the Strzelecki Group in north-west south-east directions due to north-east
south-west extension. Selective uplift commenced in the basin during this time in the form of

5
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major anticlines that were partly eroded. This is expressed by the angular unconformity
between Tertiary-Upper Cretaceous sediments and Strzelecki Group evident in the major
anticlines. This was also a time of major basinal heating, apatite and zircon fission tracks were
reset from this time in the Strzelecki Group. By the end of the Late Cretaceous, structures
now present onshore such as the Loy Yang Dome and Baragwanath Anticline were well

developed.

During the Tertiary the development of the onshore central deep was effected by a pre-existing
zone of weakness that crosses the basin trending south-west north-east. This is represented by
the rejuvenated Tyers Basement Ridge and associated faulting that trends between the North
Yallourn-Tyers area and the Cape Liptrap-Turtons Creek basement outcrops on the southern
margins of the basin. Between these two major basement outcropping areas occur a number of
shallow basement outcrops and subcrops including outcrops at Turtons Creek and Boolarra
and subcrops at Morwell and Yallourn. Dating of the movements along the Tyers Basement
Ridge is provided by the Thorpdale Volcanics which are dated at between 20-25 my, with an
earlier period of movement dated by the 55 my. Carrajung Volcanics.

Subsidence continued throughout the Tertiary during which time the thick brown coal seams
and associated sediments of the Latrobe Valley Group and its marine Seaspray Group facies
equivalents were deposited. At this time the rate of subsidence over pre-existing highs such as
Loy Yang Dome and Baragwanath Anticline was somewhat less than in the adjacent synclines.
These structures developed more pronounced relief as time elapsed throughout the Tertiary.
By Pliocene times many of these structures became emergent and substantial thicknesses of
Tertiary were stripped off the highs, producing a Pliocene unconformity on top of which the
Haunted Hill Formation was deposited.

2.1.2 REGIONAL STRATIGRAPHY
2.1.2.1 Palaeozoic Basement

Basement rocks occur along the northern edge of the onshore Gippsland Basin
associated with the Eastern Highlands of Victoria. These consist of the Ordovician-
Middle Devonian Jordan River and Walhalla Group metasediments with granites of
Upper Devonian age. Lower Carboniferous Avon River Group sediments occur
east of the Mt. Wellington axis and Carboniferous conglomerates have been
recorded below the Tertiary along the northern margins of the basin. There are
subsurface intersections of Palaeozoic basement along the line of the Tyers
Basement Ridge including bores at Hazelwood, Yinnar and Yallourn. Duck Bay-1
is the only well to reach Jordan River Group basement slates below Strzelecki
Group at total depth.

2.1.2.2 Jurassic? Sediments

Jurassic? sediments described as part of the Strzelecki Group were recorded over
the lower 853m at Wellington Park -1. They comprise siltstone and claystones
which are gypsiferous, siliceous and carbonaceous. Vitrinite reflectances are
noticeably higher in this interval with a dislocation of the trend at the perceived
Lower Cretaceous-Jurassic boundary. The palynological dating of this interval
remains conjectural.
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2.1.2.3 Tyers Conglomerate

This basal sequence to the Strzelecki Group is exposed just north of Tyers where it
has a strike length of 21 km outcropping north of the Yallourn Monocline. Here the
exposures dip 12-20° south south-east. This clastic section can be up to 280m thick.
The basal conglomeratic interval is a wedge shaped fanglomerate measuring 96+m
thick. This interval has also been recorded in nearby bores such as Hazelwood-
1664, Moe-1 and'-2 and Tyers-1 and -2. In south Gippsland, equivalent outcrops
occur at Chitts Creek (the Chitts Creek Conglomerate) and in coal bores in the
Wonthaggi and Korumburra Black Coal Fields.

The conglomerate consists of well rounded and flattened pebbles of Palaeozoic
basement sandstones with subordinate vein quartz, quartzites, mudstones and shales.
The matrix is mainly coarse angular vein quartz sandstone. The interval can be
massive or weakly cross-bedded and grades up into pebbly sandstones near the top.
A maximum thickness of 130m occurs in the Tyers River and to the east it appears
to grade into Rintouls Creek Sandstone. It overlies steeply dipping Palaeozoic
bedrock with both erosional and faulted contacts. The conglomerate can be
polymictic with variable size constituents. It was probably deposited as alluvial fan
sequences against the basin margin fault scarps and as fluvial sequences on the valley
floors. In outcrop it appears to infill older topography and at Wonthaggi it is known
to thicken off-structure.

2.1.2.4 Rintouls Creek Sandstone

This unit is the main reservoir target of the Strzelecki Group. It outcrops in the
north of the Latrobe Valley where it conformably overlies the Tyers Conglomerate.
The unit comprises well bedded fine-coarse grained quartzose sandstones and
interbedded claystones and rare seams of black coal and carbonaceous claystones.
The sandstones consist predominantly of quartz and sedimentary rock fragments.
The detrital matrix is variable ranging between 10-50%. Quartz overgrowths have
been recorded. The sandstone has a measured thickness of 130m. Cross bedded
units in the lower half have measured porosity up to 10%, being clean and well
sorted medium grained with sub-angular to sub-rounded quartz grains. There is a
minor lithic content, no feldspar and only a minor matrix of fine quartz and sericite.
The unit locally contains lenses of conglomerate and pebbles up to 7 mm. It was
deposited in a high energy braided stream environment before the late Neocomian
volcanic pulse which provided the volcanogenic components to the Strzelecki Group
sandstones. These components were unstable and yielded chlorite and calcareous
cements which inhibited porosity.

2.1.2.5 Strzelecki Group

This is a sequence of volcanogenic quartzose-feldspathic sandstones, siltstone and
claystones ranging in age from late Neocomian to Albian. No formal subdivisions
have been made to this group, although various informal schemes exist. The
subdivisions proposed for the Loy Yang-1A well in this report are also informal as
their regional significance remains to be tested. Correlations of some of these units
to nearby wells are shown in the preceding table and on Figure 7.
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Within the Aptian these sediments have a characteristic green-grey colour, whereas
the Albian is generally lighter grey in colour. Finer grained lithologies are dark grey
or grey-green. Sandstones are generally massive, locally current bedded or finely
laminated. Siltstone interfaces between beds are sharp. Thin beds of plant debris
and coals, together with intra-formational conglomerates occur locally developed in
the sequence. The Neocomian and Lower Aptian section tends to be more coaly
with sub-bituminous coal seams up to 2m thick as seen at Wonthaggi.

Coloration of the sediments is due to the presence of septichlorite as a matrix
mineral. The matrix also includes sericitic clay and fine quartz chlorites. These
were formed during diagenesis from fine grained volcanic matrix material. The
degree of compaction and fracturing varies. In Wellington Park -1 irregular
fractures are present giving a blocky pattern within the deeper section below 2590m
and fractures can be filled with carbonate. This appears to increase with depth.

The Strzelecki Group was deposited in a non-marine environment which was of
fluvial-lacustrine origin. The maximum measured thickness of Strzelecki Group was
2633.7m in the Wellington Park-1 well. Measured porosity’s and permeability’s are
low in the Strzelecki Group which constitutes a regional seal and source rock over
the Rintouls Creek Sandstone and Tyers Conglomerate. The sedimentary style and
distribution is firstly by infilling the core of the central deep and then overstepping.
The younger units of the Strzelecki Group are more widespread than the older. The
underlying ?Jurassic is seen as limited to narrow depositional corridors. The
Strzelecki Group thins onto basement.

2.1.2.6 Latrobe Valley Group and Seaspray Group

The Tertiary Latrobe Valley Group comprises thick 100m+ brown coal seams with
interbedded sandstones and clays that unconformably overlie the Strzelecki Group in
the Latrobe Valley. In the main synclines the group can be over 700m thick but on
the anticlines this thickness is markedly reduced to less than 100m in places due to
subsequent Pliocene erosion. '

The group is the focus for power generation in Victoria and 3 large open cut mines
extract the brown coal for burning as a fuel in nearby thermal power stations.
Thousands of coal investigation bores have been drilled through this sequence but all
were stopped at the top of the Strzelecki Group which was considered economic
basement to the brown coal basins. Focus of this drilling was on structural highs
where minimal overburden and maximum coal seam thicknesses occur. The brown
coals are very absorbing of seismic frequencies and conventional hydrocarbon
exploration techniques using these methods proved to be equivocal. Down valley,
the brown coal seams grade laterally into marine carbonate sediments of the
Seaspray Group, although the older Traralgon Formation coal seams continue out
into the main part of the Gippsland Basin into the offshore areas, where they provide
a hydrocarbon source to the oil and gas fields. Near basal and basal basaltic lavas
and tuffs of the Thorpdale and Carrajung Volcanics are interbedded in the lower part
of the Latrobe Valley Group and age dates of these rocks provide indications of the
timing of Tertiary structuring in the Latrobe Valley.
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2.1.2.7 Haunted Hill Formation

This formation unconformably overlies the Latrobe Valley Group and comprises 10-
100m thick sandy clays and clayey sands. On the main anticlines it constitutes the
main overburden material above the coal seams and is usually between 10-20m

thick.

2.2 WELL STRATIGRAPHY

Wireline log coverage was achieved to 1736m RT. Picks of formation tops between 25 and 136m
are based on correlations to nearby coal bores because of lost circulation over this interval (refer to

Figure 9).
Sub Epoch Chronostratigraphy Formation Tops
Era
m RT m SS Thickness
(m)
Pliocene Haunted Hill Fm. 0 0 0
T
E
R Miocene- Latrobe Valley | Traralgon 23 19.8 97
T Eocene Group Formation
I
A
R Palaeocene Carrajung 120 116.8 28
Y Volcanics
Early Aptian Unit 1 148 144.8 77
E S Unit 2 225 221.8 253
A T Unit 3 478 474.8 164
R R Unit 4 642 638.8 126
L Z Unit § 768 764.8 60
Y E Unit 6 828 824.8 124
Barremian L Unit 7 952 948.8 71
E Unit 8 1023 1019.8 | 34
C C G Unit 911057 1053.8 | 72
R K R (Wonthaggi Coal
E I 0] Measures)
T U
A P Unit 10 1129 1125.8 | 109
C Unit 11 1238 1234.8 | 161
E Hauterivian- | Wonthaggi Unit 12 1399 1395.8 | 152
O Subgroup
U
S Valanginian | Rintouls Creek 1551 1547.8 | 125
Sandstone
Tyers Conglom. 1676 1672.8 | 60+
Total Depth 1736
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2.2.1 HAUNTED HILL FORMATION
Interval 0-23m
Upper Boundary Pick Ground Level

Lithology

Cuttings samples above 20m were returned to the cellar. Below 20m the formation is
predominantly sandstones with occasional clay and silts and rare traces of coal.

The sandstones consist of fine to coarse loose quartz grains which are clear to opaque with
yellow orange iron staining. They are moderately sorted. The clay is yellowish grey and soft.
the silts are greenish grey and argillaceous. Traces of brown coal occur.

Gas and Shows No gas or shows were recorded.

Wireline Character  No logs were run over this interval.

Drilling Characteristics

Drill rate in the 17 '4” hole ranged from 2 to 10 min/m, averaging 7 min/m. The hole was
drilled with fresh water. Due to lost circulation, the interval from 23 to 136m RT was drilled

without circulation returns.

2.2.2 LATROBE VALLEY GROUP-TRARALGON FORMATION
Interval 23-120m RT

Upper Boundary Pick

This was based on correlation to the nearby coal bore LY 138, located 40m to the north, as no
circulation returns over this interval were recorded.

Lithology

Brown coal (23-46m), clay (46-50m), sand (50-65m), clay (65-73m), coal (73-76m), clay (76-
81m), coal (81-91), clay (91-93m), sand and gravel (93-120m).

Gas and Shows No gas or shows were recorded.

Wireline Character

The gamma log run below 30m shows a low 20-40 API response with little character to match
the correlated lithology log from the nearby coal bore.







