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Seismic Interpretation Report

OS03B 2D (VIC/P44) Seismic Survey
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Introduction

The OS03B 2D Seismic Survey was acquired by Santos in 2003 as part of a set of 2D acquisition surveys for several Santos Otway-Sorell-Duntroon permits. Acquisition was completed on the 21st of November 2003, using PGS Geophysical’s M/V Orient Explorer. Processing was undertaken by Robertson Research and was completed on 21st April 2004.

The OS03B 2D seismic survey consisted of 484 km  full fold seismic in 17 lines, in the western portion of the permit. Cray fishing activity was expected in the area, but during the time of the survey, they were situated just south of Port Fairy and did not impact on the survey operation.
Permit History

Exploration Permit VIC/P44 in the Otway Basin was awarded to Strike Oil NL (Strike) on 11th August, 1999 for an initial term of six years. On 2 September 1999, Strike advised the Minister that there was an error in the Descriptions of Blocks (Block number 2237 part should read 2137 part).  MPV advised verbally that the title had been corrected. 

On the 21 August 2001 Strike Oil announced that it had farmed out a 50% interest to Santos Limited. The transfer of interest was registered on 4 January 2002. 

On 15 July 2003, Australian Worldwide Exploration Ltd announced that it’s 100% owned subsidiary Peedamullah Petroleum Pty Ltd had farmed into Strike’s remaining 50% interest. On the 12 August 2003, AWE advised that documents formalising the transaction had been finalised.

In September 2003 AWE announced that it had farmed out 50% of its interest to the Mitsui & Co. subsidiary Mittwell Energy Resources P/L. 
A Production Licence, VIC/L24, for the Casino Field (Graticular Blocks 2432, 2433 and 2434) was awarded on 8 April 2005.  The VIC/P44 permit now consists of 42, 5 minute by 5 minute graticular blocks.
Santos Ltd is Operator of the Permit. The current interest holders in the permit are:

	Company
	Percentage Interest

	Santos Ltd
	50%

	Peedamullah Petroleum P/L
	25%

	Mittwell Energy Resources P/L
	25%


The work program for the primary commitment (Years 1 to 3) and the secondary contingent term (Years 4 to 6) is set out in the following table:
	Year
	Work Requirements

	1
	G&G Review / Reprocessing – Evaluation Trials

	2
	Seismic Reprocessing & Interpretation

	3
	108 km2 3D Seismic Acquisition

	4
	1 Well, 100 km2 3D Seismic Acquisition

	5
	1 well

	6
	Review


Exploration History

Described below are the results of the offshore wells drilled within, and close to the VIC/P44 exploration permit.  Well completion reports issued by the Operator and the updated interpretation of seismic data provide the primary source of information for detailing the exploration history. At the time of interpretation, six wells had been drilled on the permit.
Pecten-1A (Shell, 1967).  First offshore well in the Otway Basin.  Was drilled to test a significant Tertiary anticline and also tested a faulted anticline approximately 200m lower than the currently mapped crest of the structural complex at the Waarre Formation sandstone level.  The well flowed gas and water at approximately 145,000 cfpd and 615 bwpd respectively from the Waarre Formation sandstone section.

Minerva-1 (BHP, 1993).   Drilled to test Waarre Formation sands within a tilted fault block at the northern extent of the Shipwreck Trough.  Encountered 2 gas zones with 2.9m and 118.5m of net gas sand with average porosities ranging from 14-18%.
Champion-1 (BHP, 1995).   Designed to test a large, shallow E-W trending horst block west of the Pecten High.  Failed to encounter any Late Cretaceous aged, Waarre A sands.
Thylacine-1 (Origin, 2001).  Successfully tested a mapped Waarre Formation closure, with associated amplitude anomaly.  It encountered gas within the Thylacine/Flaxman/Waarre section.

Geographe-1 (Origin, 2001).  This well was a successful test of a mapped Waarre Formation closure, with associated amplitude anomaly.  It encountered gas within the Thylacine/Flaxman/Waarre section.

Geographe North-1 (Origin, 2001).  This well drilled as a follow-up test of Geographe-1 was a dry hole (no full stack amplitude anomaly).

Thylacine-2 (Origin, 2001).  This well was an appraisal to follow up success at Thylacine-1.
Casino-1 (Santos, 2002).   Encountered gas in sands of the Late Cretaceous Waarre A formation.  Tested a large, tilted fault block structure on southern limit of the Pecten High.

Casino-2 (Santos, 2002).   Encountered gas sands in Late Cretaceous Waarre C and Waarre A sands.  Revealed the older Waarre A sand was approximately 200psi over pressured.
Casino-3 (Santos, 2003).   Encountered GWC for the Waarre C sand and proved up 304m gas column.  

Martha-1 (Santos, 2004).   Tested a shallow, tilted fault block at the northern extent of the Pecten High.   Encountered a Late Cretaceous Waarre A sand.  
Callister-1 (Santos, 2004 – Not Openfile yet).   Tested a large, east-west trending, horst block structure on the plunging Bridgewater nose.   The primary objective Waarre Formation was encountered deep to prognosis with elevated gas shows recorded whilst drilling.  The well TD’d in the Waarre Formation at 3914 mKB.   
Henry-1ST1 (Santos, 2005 – Not Openfile yet).  Drilled a tilted fault block at the southern extent of the Pecten High.  Encountered approximately 21m of net gas pay within the Waarre A formation.     
Geology and Hydrocarbon Prospectivity

The Otway Basin formed as a result of rifting between the Australian and Antarctic continents in the Late Cretaceous.  Lower Delta Plain alternating sands and muds typify the syn-rift and thermal sag phases.
Within the VIC/P44 permit, the Tartwaup-Mussel fault zone separates the Late Jurassic-Early Cretaceous rift deposits of the Mussel Platform from the thick, Late Cretaceous rift related sediments of the Voluta Trough.  A regional unconformity marks rift re-activation in the Late Cenomanian resulting in deposition of the fluvial to marginal marine Waarre Sandstone reservoirs (Fig. 3).   Late Cretaceous reservoir sandstones, belonging to the Waarre Formation (Late Cenomanian to Turonian), form the main productive zones within fields such as Casino (Santos-operated), Minerva and La Bella.  Deposition of coarse-grained siliciclastics in the Turonian-Santonian is associated with periodic fluvio-deltaic pulses into an overall upwards-deepening/fining section (Belfast Mudstone), providing an effective reservoir-seal couplet.  South of the Mussel Fault trend within the south-west of the VIC/P44 permit, the Waarre Formation is buried to depths of over four kilometres and is considered non-prospective. 
Regional regression in the Campanian led to renewed coarse-grained, fluvio-deltaic input to the basin as the Paaratte and Timboon sandstones.  The presence of potential sealing sequences (basinal shales) of the Skull Creek and Timboon mudstones was predicted from tectonostratigraphic reconstructions.  Mild structural inversion in the latest Cretaceous was followed by rapid subsidence and transgression resulting in retrogradation of the deltaic systems and deposition of the Wangerrip Group in the Palaeogene. Eventually the marginal sedimentary systems were drowned and, in association with the opening of the seaway in the late Eocene and subsequent formation of the Circum-Antarctic current, deposition came to be dominated by cool-water carbonates that persist through to the present day.

Six offshore discoveries have been made to date proving in excess of 1.4 TCF recoverable gas. The majority of the discoveries have been full to spill, with liquids content increasing generally from north to south. Hydrocarbon charge in the basin is considered to come from Albian-aged, Eumeralla Formation source rocks.

Discussion of Seismic Record Quality

Seismic data is generally of good quality down to the primary objective Waarre Formation level, for the majority of the 2D dataset within VIC/P44.  The presence of shallow tertiary volcanics (intrusives & extrusives) across the north and west of the permit area, results in signal losses at depth and consequently poor imaging of the Waarre Formation in the vicinity of these anomalies.  Fault planes within the area are generally well imaged although the ability to map these offsets is hampered by shallow volcanics in some parts.
Seismic Mapping

Area and Data Mapped

The new OS03B 2D seismic survey in-filled the existing grid of openfile OH91 and OH94 surveys.  The OS03B-2D survey was focused over several leads within the western VICP44 permit area and provides modern data coverage to compliment the existing Casino 3D survey in the East.    
Interpretation Methodology

Geoframe IESX was used in the structural interpretation of this seismic data.  Well synthetics were created in Geoframe for the Champion-1, Pecten-1a, Casino-1,2 and 3 wells and Henry1-ST1 (Fig. 3) and tied into the OS03B survey using Casino3D data and older regional seismic lines.  Full stack seismic amplitude character and seismic geometric relationships were used to further constrain chronostratigraphic picks.   
Seismic interpretation was undertaken on the full stack 2D lines (Fig. 4).  Horizon amplitude extractions on near and far offset data were examined for anomalous responses over identified prospects and leads (Fig. 5).
Horizons Interpreted

Key horizons interpreted include the water bottom (WB), top Mepunga Fm (T23), base Tertiary (T1), near top Waarre A (K76) and Eumeralla (K75) Figure 4. 
Depth Conversion

A simple average velocity model (derived from regional well trends and the existing Casino3D velocity data) was developed for the western Mussel platform area.   
Structure Maps Prepared

Structure maps prepared include the water bottom (WB), top Mepunga Fm (T23), Base Tertiary (T1), near top Waarre A (K76) and Eumeralla Fm (K75) (Figures 6-9).
Play Types

The dominant play type targeted in this permit is the Late Cretaceous, Turonian-aged, Waarre Fm reservoirs with Belfast/Skull Creek mudstone top seals.  Hydrocarbons are sourced from the Eumeralla formation and trapped within tilted fault blocks.  This is a proven play in the Eastern Mussel platform area (bounding the Shipwreck Trough).  
Leads and Prospects

Several prospects and leads have been identified on the OS03B 2D survey (Fig. 5).  Several leads along the northern permit boundary exhibit seismic amplitude responses similar to those seen on the prospective Pecten High trend.  Mapping of the OS03B survey confirmed the presence of a large prospect to the south of Champion-1 well although little amplitude support appears to exist at near top reservoir level.   
Conclusions

The OS03B 2D seismic data provided a detailed image of the Tertiary and upper Cretaceous section over the western Mussel platform area.   Additional prospectivity has been identified through the interpretation process at the primary objective, Waarre Formation level.  AVO analysis of the near and far offset gathers over the mapped leads proved inconclusive.   Further delineation of the mapped leads in the west of VICP44 would be required prior to any wells being drilled (acquisition of 3D seismic data proved necessary over the adjacent Pecten High structural trend to successfully delineate the Martha and Henry fields prior to drilling). 
Figures
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Figure 1. Seismic Survey Location Map for VIC/P44 permit.  OS03B-2D survey is shown.   Casino 3D survey extent is highlighted in yellow.
Stratigraphic Chart
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Figure 2. Stratigraphic Chart
Synthetic Seismograms
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Figure 3. Synthetic seismogram at Henry 1-ST1.

Interpreted Seismic Sections
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Figure 4. Seismic TWT section (OS03b-04) across the western Mussel Platform showing the key interpreted horizons and well ties.  Note the high amplitude seismic character of shallow Tertiary volcanics.  
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Figure 5.  Composite full-stack seismic line over the Lillias Lead showing the high amplitude  response at the interpreted top Waarre A reservoir horizon.
Maps of Key Horizons
[image: image7.jpg]VIC/P44 Survey Area

& moooooooDooRoRoRo D 3

T ggggge8gs858888¢8

(ssw) ydeq




Figure 6.  Top Mepunga Depth Map (T23)
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Figure 7.  Near Base Tertiary Depth Map (T1)
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Figure 8.  Near Top Waarre A Fm (K76) Depth Map
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Figure 9.  Near top Eumeralla Fm (K75) Depth Map
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