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PROSPECT SUMMARY SHEET

Well: Scallop-1

Well:
Scallop-1

Well Type:
Exploration

Retention Lease:
VIC/RL2 

Geographical Location: Offshore Victoria, Australia.
Basin :
Gippsland Basin
Well Location:
AMG Zone: 55
 CM 147°East Datum: AGD84
(Surface)
Easting:
   639 210E
Latitude:
38° 12' 53.802"S 


Northing:
5 769 126N
Longitude:
148°35' 24.66"E

(Bottom-hole)
Easting:
   639 210E
Latitude:
38° 12' 53.802"S

Northing:
5 769 126N
Longitude:
148°35' 24.66"E
Seismic Reference:
Merged Kipper/BMG-3D:
Inline 1606
Trace 600

Primary Objective:
Golden Beach Fm, NS_SB20, Top @ 2790m (85 m tvdss


Golden Beach Fm, NS_SB10, Top @ 3029m (95m tvdss

Potential H/C Type:
Gas

Closure Area:
19.6 km2; of which 15.1 km2 occurs within permit VIC RL/2
Column Height:
Scenario 1 - 160m





Scenario 2 - 340m

Trap:
Fault bound structure

Seal:
Golden Beach Sub-Group (Intra-formation volcanics)

Volumetrics:
Probability of Success Scenario 1 (Stacked Pay) = 36.5%


Probability of Success Scenario 2 (Filled to Spill) = 19.5%


Mean Success Volume Scenario 1 (Stacked Pay)  = 219 Bcf


Mean Success Volume Scenario 2 (Filled to Spill)  = 1205 Bcf

Key Risk:
Trap Effectiveness 

Trajectory
Vertical
Target Tolerance:
Surface:
  25 m square

Sub-surface:
100 m square


Water Depth:
117 m (LAT)

Proposed TD:
3100 (95 m tvdss (Golden Beach Sub-Group)

Budget Well Cost:
A$15.78 MM  (AFE Estimate)

Offset Wells:
Kipper-1, Kipper-2, East Pilchard-1, Manta-1.

Drilling Hazards:
No significant hazards foreseen.
Environmental:
Minimal environmental impact. Unlikely to be a controlled action.

1 SUMMARY

Scallop is a gas prospect situated 4km south of the Kipper Gas Field straddling permits VIC/L9 (WEL - 0% equity) and VIC/RL2 (WEL - 30% equity) within the Central Deep region of the Gippsland Basin, Victoria, Australia (Figure 1.1). 

Scallop is a Late Cretaceous (N. senectus) fault bounded roll over structure similar to the Kipper gas accumulation to the north. The source of hydrocarbons in Kipper is the Golden Beach Sub-Group (Figure 1.2). Scallop is likely to be sourced akin to Kipper as both share similar access to source kitchens and have similar charge histories. 

The main geological risk at Scallop is trap effectiveness, where fault seal integrity is critical to trapping significant volumes of hydrocarbons in this prospect. Amplitude brightening within the Scallop prospect at the N. senectus level does, however, strongly support the presence of hydrocarbons which in turn suggests that the bounding faults form an effective trap.

Three possible DHI’s (Direct Hydrocarbon Indicators) have been identified in this prospect. The upper interpreted DHI (2830m) occurs below the base volcanic seal seismic event (or NS_SB20) and suggests that hydrocarbons are present in Kipper equivalent reservoirs at Scallop. The lower DHI occurs below the first volcanic seismic marker (NS_SB10) at a depth of 3060m. Seismic optical stacks support the validity of both these DHI's (Figure 1.3). In addition, a lower NS_SB20 DHI (3040m) was also observed. This DHI is approximately at the same depth as the NS_SB10 DHI and may be coincident (Figure 1.3).

In order to correctly account for volumes in Scallop, two mutually exclusive scenarios were calculated using the three DHI's as potential gas water contacts (Figure 1.4). The two scenarios are: 


1. "Stacked Pay" 

2. "Filled to Spill" 

The "Stacked Pay" scenario accounts for a lowside case where hydrocarbons volumes are calculated for the upper NS_SB20 DHI tank (GWC - 2830m) and the NS_SB10 DHI tank (GWC - 3060m) (Figure 1.4).

The "Filled to Spill" upside case accounts for hydrocarbon volumes in the lower NS_SB20 DHI tank (GWC - 3040m) and the NS_SB10 DHI tank (GWC - 3060m) (Figure 1.4).
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Figure  1.4  Volumetric scenarios 1. "Stacked pay" and 2. "Filled to Spill"

The volumes were calculated for each scenario "tank" in both VIC/L9 and VIC/RL2 permits. The volumetric input parameters used were derived from nearby analogue wells and the depth/area pairs were calculated using 20m slices. The resulting volumes are shown in Table 1.1. The volumes quoted in this table are unrisked recoverable and in place volumes
 for both VIC/L9 & VIC/RL2 permits.


In Place Gas (Bcf, Unrisked)


POS (%)
Mean
P90
P50
P10

"Stacked Pay"
36.5
219
184
217
254

"Filled to Spill"
19.5
1205
973
1194
1447

Table 1.1  Unrisked in place Scallop prospect volumes

Scallop 1 has a dry hole cost of A$15.78MM and if successful will be P&A'd post drill. 

SUMMARY ECONOMICS

The economic impact of Scallop has been calculated with the following results:


Base Case

A$ Million, Nominal
Scallop Potential

A$ Million, 

Nominal
Scallop EMV*


Kipper Stand Alone at 55PJ
Kipper plus Low Scallop at 70PJ
High Scallop plus Kipper at 70PJ
Joint Op

Market Scenario
NPV

12%
IRR
NPV

12%
IRR
NPV

12%
IRR
A$M

Early

2007, $2.75
48
13.8
76
14.6
244
18.1
42.9

*Incremental to Kipper

Table 1.2  Economics summary of Scallop prospect

Note: Esso stand-alone case at $816m capex gives NPV12N $41m and 13.4% IRR. Differences still being investigated, but include RFSU, tax.

Assumptions:

· Discount date 1.2001

· RFSU 1.1.2007

· JV economics, flat real prices, real term capex & opex (1.1.2001)

· WEL volumes for Scallop/Kipper cases

· Kipper Stand Alone at 55PJ capex $816m (4 wells)

· Kipper plus low Scallop at 70PJ $942m (3 Kipper wells, 1 Scallop well, 70PJ plant)

· High Scallop plus Kipper at 70PJ $1039m (4 Scallop wells, 3 Kipper wells, 70PJ plant)

· Exploration well costs $15.78m (as per Santos estimate), after tax cost $6.6m.

Economic Insights:

· A High volume Scallop discovery (19.5% POS) makes a stand alone Kipper plus Scallop development very attractive with an NPV12 of A$244M and an IRR of 18.1%.

· A Low volume Scallop discovery (36.5% POS) makes a stand alone development of Kipper plus Scallop development attractive with an NPV12 of A$76M and an IRR of 14.6%.

· Scallop is EMV positive with an EMV of A$42.9M.

2 INTRODUCTION

2.1 General

Woodside holds a 30% equity in VIC/RL2, Gippsland Basin, offshore Victoria (Figure 1.1). The VIC/RL2 retention lease was renewed for the second time in December 1998 for a period of five years. 
Two wells have been drilled in VIC/RL2. The first, drilled in 1986, discovered the Kipper gas field in the Late Cretaceous Golden Beach Sub-Group; the second well, in 1987, appraised the Kipper discovery. The Kipper Field lies in a hanging wall block with top seal provided by volcanics and lateral seal by juxtaposition with the Kipper shale/other sealing elements in a complex structural setting. 

Activities associated with the conditions for the renewal of the Retention Lease include efforts to declare commerciality of the Kipper resources and the definition of additional exploration potential in the permit. Efforts by Operator (Esso) have focused on the Golden Beach Sub-Group, sub-volcanic section and on those traps that are supported by the presence of potential DHI's (Direct Hydrocarbon Indicators). This work has delineated a number of prospects adjacent to the Kipper Field which have been mapped and probabilistically assessed. 

Although Woodside is not operator of the VIC/RL2 permit, it operates three adjoining retention leases (VIC/RL6, 9 and 10), to the south-east of VIC/RL2 (Figure 1.1). As operator of VIC/RL6, 9 and 10, Woodside has conducted a number of in-house studies in order to re-assess discovered fields, evaluate the remaining prospectivity and understand the scope of feasible area development concepts. 

2.2 Permit History

Woodside secured a 30% equity in VIC/RL2 through transactions with Petroz in 1999 and Shell in early 2000. The remaining equity holders are as follows: Esso (Operator and 25%), BHPB (25%) and Santos (20%).
Only two wells have been drilled in the permit, both in the Kipper Field (Figure 1.1). The Kipper Field was discovered in March 1986 with the drilling of Kipper-1, which encountered oil in the Latrobe Siliciclastics sands and a 298m gross gas column in the Golden Beach Sub-Group with gas down to the thick underlying Kipper Shale. In March 1987 an appraisal well, Kipper-2, was drilled some 2.25 km from the discovery well and discovered oil (14 m gross column) and an overlying gas cap in the Golden Beach Sub-Group. The field as currently mapped contains 874Bcf GIIP (Esso's Base Case) and extends across two permits, VIC/RL2 and VIC/L9. Both penetrations to date are in the VIC/RL 2 permit. No additional appraisal in Kipper is proposed.

VIC/RL2 is currently in Year 4 of the second renewal period, granted by the Joint Authority on December 15, 1998. The conditions of renewal outlined a work program that included further assessment of the exploration potential, G&G studies, engineering, commercial and other studies to reassess the commercial viability of Kipper. 

2.3 Well Objectives

The Golden Beach Sub-Group sandstones, equivalent to the Kipper Field S1 reservoir, form the primary objective for the Scallop prospect.  These sands were penetrated in Kipper-1 and –2 (3Km NNE), East Pilchard-1 (4Km NW) and Manta-1 (12km SE). Gas was encountered in each of these nearby wells. Other specific well objectives include:

· Test the trap integrity;

· Test the observed DHI’s;

· Determine the presence and quality of reservoir sands at the objective levels;

· Indicate the composition of hydrocarbons if encountered, for example: condensate/gas ratio, percentage of inert gases, etc.; 

· Suggest whether a commercially viable resource could be contained within the prospect; and

· Provide stratigraphic information leading to a better understanding of the prospectivity of the remainder of the permit.

Woodside as operator of VIC/RL6, 9 and 10 and partner in the VIC/RL2 permit, has carried out studies across all the gas assets in the area in order to understand the area development concept issues. Although Woodside is not operator of the VIC/RL2 permit, they have executed independent in-house studies (with Santos) to guide the VIC/RL2 venture towards early development of the Kipper field. 

The Woodside (and Santos) studies have highlighted the prospectivity of Scallop and its potentially large gas volumes in place. This document outlines Woodside assessment of the Scallop Prospect, which is significantly different from that of Operator and its reasons for wanting to drill this prospect at the earliest opportunity.

The Scallop Prospect is generally analogous with the Kipper Field. However, unlike the Kipper Field the Scallop prospect has three possible DHI’s. The upper interpreted DHI occurs below the base volcanic seal seismic event (NS_SB20) and would indicate hydrocarbon presence in Kipper S1 equivalent reservoirs. The lower DHI occurs below the First Volc. seismic marker (NS_SB10). Seismic optical stacks support the validity of both DHI's. Additionally, a second, deeper DHI, is observed below the NS_SB20. This DHI is approximately at the same depth as the NS_SB10 DHI and corresponds to the spill point of the structure (Figure 1.4).
Seismic amplitude mapping does not conform with the shallow DHI below the NS_SB20, but does lend strong support to the presence of the lower NS_SB20 DHI and corresponds with the structural spill point.

If the interpretation of the lower DHI is correct, the volumes contained in the structure are significant. It is the objective of this well to test the validity of this interpretation.

2.4 Business Rationale

Engineering studies in the first three years of this second retention period have concentrated on defining a “Reference Base Case” development. That is, a credible stand-alone development concept that could be used as the basis of assessing the commerciality of Kipper. The Reference Base Case comprises four subsea wells tied back via a subsea pipeline to an onshore greenfield gas plant near Orbost. The economics of this case appear marginal. 
Late in 2001 the Gippsland Basin Joint Venture (GBJV) recommenced discussions with RL2 JV regarding the potential to develop the Kipper gas through the existing Bass Strait infrastructure.  GBJV have submitted a tolling proposal that is currently being considered by the RL2 JV. Woodside and Santos considers the current tolling proposal unacceptable.
A high volume Scallop discovery will establish a clearly economic VIC/RL2 gas development; a low volume Scallop discovery will improve the chance of a successful, economic development for a combined Kipper/Scallop development project. 
3 REGIONAL GEOLOGICAL FRAMEWORK

The Gippsland Basin developed in response to two rifting - seafloor spreading episodes.  The first began in the Early Cretaceous between southern Australia and Antarctica, with the oldest seafloor spreading at 95 +/- 5Ma. The second rifting phase occurred in the Late Cretaceous (oldest sea floor spreading at 80Ma) between the southeastern Australian margin and the Lord Howe Rise. The latter rifting event strongly influenced the Cretaceous stratigraphy of the Gippsland Basin. To summarise:
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An initial Early Cretaceous rift phase resulted in the formation of a main rift, bounded by the Lake Wellington and Foster Fault systems.  This was filled with Strzelecki Group sediments consisting of volcanoclasticrich, non-marine greywackes, mudstones and minor coals.  This was related to the breakup along the southern Australian margin.

· A second rift phase was associated with the development of the Tasman Sea in the Cenomanian to early Campanian and is bordered by the Rosedale and Darriman Fault systems.  This region was infilled with sediments of the Emperor and Golden Beach Sub-Groups.  The Emperor Subgroup is bounded above and below by unconformities at the basin margins and is interpreted as being a dominantly lacustrine unit.  The Golden Beach Sub-Group spans a range of facies from non-marine to near-shore marine.  This unit represents the first evidence of truly marine conditions within the basin.  In the Campanian, the Golden Beach Sub-Group was associated with a pronounced phase of tectonism whereby widespread extrusive volcanics were emplaced along the northern margin of the basin.  This subgroup is not well understood in the deeper parts of the basin where there have been few well penetrations.

· The Golden Beach Sub-Group is overlain by the Latrobe Siliciclastics, which span the late Campanian-Early Oligocene, and were deposited in a wide range of non-marine to near shore marine settings.  Numerous marine incursions from the southeast inundated the basin resulting in the deposition of the Latrobe Siliciclastics.  Fault related subsidence continued throughout the Cretaceous, whereas in the Tertiary, the major subsidence was controlled by sediment loading and thermal subsidence.
The Kipper Field is the nearest analogue to the Scallop prospect. The dominant structural trend of NW-SE oriented normal faults present in the Kipper-Scallop area was formed in response to the Tasman rift event. Substantial thicknesses of P. mawsonii lacustrine shales and T. apoxyexinus to N. senectus aged lacustrine shales and fluvial sediments were laid down during this time as syn-tectonic growth wedges, controlled by northwest/southeast oriented normal faults. As extensional forces peaked in the Gippsland Basin, basaltic volcanism with associated intrusives and cone dykes erupted ‘locally’ from active fractures along, for example, the Kipper fault system. Locally these basalts are important top seals (eg Kipper Field), and possibly lateral seals.

As extensional forces waned in the Gippsland Basin (a response to sea floor spreading in the Tasman) the region went into an abandonment phase bringing about the cessation of volcanism and a decrease in growth fault activity. The Latrobe Siliciclastics were deposited during this sag phase. Towards the end of the Latrobe Siliciclastics deposition, NW focussed compression commenced, modifying extensionally folded structures, such as Kipper and Scallop, forming large anticlinal structures. 

4 SEISMIC INTERPRETATION

4.1 Data 

VIC/RL2 and VIC/RL6 are covered by overlapping 3D seismic survey volumes - the 1999 Kipper 3D (acquired by Esso) and the 1996 Basker-Manta-Gummy 3D (acquired by Shell).  

Integration of previous seismic and structural interpretations over the two areas proved difficult due to different acquisition and processing parameters used on the two volumes.  Prospects identified near the Kipper Field were worked to a stage where further reprocessing work on the Kipper and BMG 3D surveys would provide better definition (in particular of the Scallop prospect).  It was concluded that the two surveys should be integrated and reprocessed to obtain the most consistent representation of the sub-surface.  During 2001 Woodside initiated a full Pre-SDM (pre-stack depth migration) study of the merged Basker-Manta-Gummy 3D and Kipper 3D data sets.  This work and the current interpretation endeavours to address the large lateral and vertical variations in the velocity field over the area, and provide more accurate depth maps for reserves estimation.

During the reprocessing WEL was able to remove striping effects and suppress coherent noise more strongly than our predecessors were. Full-waveform synthetics were computed from wells in the survey and used to design a Radon filter with many more ‘p traces’ than used in the initial processing a few years before. When tied to the field data, the synthetics revealed persistent multiples in the deep section and often these had been inadvertently picked during previous velocity analyses. Careful quality control of the velocity picking resolved a major problem in the overlap zone between the two surveys, so that it became possible to fully interpret a prospect that straddles the overlap zone.

Pre-SDM clearly improved fault definition over both the PreSTM and PosTM applied to the respective surveys during the initial processing. Time-variant spectral whitening helped to balance the bandwidth after Pre-SDM and deliver a large improvement in temporal resolution. Interval velocities from the Pre-SDM depth model were used to shape the depth conversion away from well control. Subsequent re-interpretation and the application of AVO and inversion techniques have resolved many of the subsurface uncertainties in this region. 

4.2 Seismic Time Interpretation
4.2.1 Well Ties

Eleven wells were available to tie the merged Kipper-BMG Pre-SDM data set.  

Well Name
Spud

Date
Water

Depth (m)
Synthetic

Seismogram
Seismic

Survey

Stonefish 1
Jul, 1973
114.9
Yes
Kipper 3D

Basker 1
Apr, 1983
169.0
Yes
BMG 3D

Basker South 1
Oct, 1983
239.0
Yes
BMG 3D

Manta 1
Jan, 1984
133.5
Yes
BMG 3D

Chimaera 1
Mar, 1984
129.6
Yes
BMG 3D

Kipper 1
Mar, 1986
94.0
Yes
Kipper 3D

Kipper 2
Mar, 1987
107.3
Yes
Kipper 3D

Judith 1
Oct, 1989
76.4
Yes
Kipper 3D

Admiral 1
Nov, 1989
101.0
Yes
Kipper 3D

Gummy 1
May, 1990
156.0
Yes
BMG 3D

East Pilchard 1
Aug 2001
90.0
Yes
Kipper 3D

Table 4.1  Wells in the Kipper and BMG 3D survey areas.

Synthetic seismograms were made for seven wells, where suitable logs had been recorded and complete stratigraphic sections were encountered.  These were made using the Hampson-Russell software package with extracted wavelets from the merged Kipper-BMG Pre-SDM data set. 

Mapping from the Kipper wells to the Basker-Manta-Gummy area was relatively simple after crossing the fault just to the south of the Kipper structure.  The Scallop prospect, to the south of Kipper was identified as the crucial focus of much of this mapping, and in particular the correlation with the Scallop and Manta areas across the connecting fault terrace.

4.2.2 Mapped Horizons

The following twelve horizons were mapped in time on the Pre-SDM data set with corresponding fault maps where relevant, often using a very tight seed grid.  A number of isochron maps were made to illustrate relative thickness changes across the area within broad lithological units.

Horizon Name
Fault map
Abbreviation

Water Bottom


WB

Gippsland Limestone

GL

Top Lakes Entrance Fm.

LE

Near Top Latrobe Siliciclastics
Yes
TL

T. longus Sequence Boundary 20

LO

Top Coaly Sequence

TC

near Top Coaly Sequence

nTC

T. lilliei Sequence Boundary 5
Yes
IL

Top Golden Beach
Yes
GB

Intra Volcanics Sequence Boundary
Yes
IV

N. senectus Sequence Boundary 20
Yes
NS_SB20

N. senectus Sequence Boundary 10
Yes
NS_SB10

Table 4.2  Horizons mapped over the Scallop structure
The above horizons were chosen to map over the area for both stratigraphic, velocity control and structural criteria. In-house studies provided a good stratigraphic framework of time equivalent events tied to all wells in the BMG 3D data set as well as the two Kipper wells from the Kipper 3D data set.  It was the results of this study, which provided the basis for the currently mapped horizons.

4.2.3 Two-Way Time mapping 
The water bottom being a critical horizon for the depth mapping, was picked on every line of the survey. It was mapped as a moderately consistent negative loop across most of the area, however, as with most of the shallow horizons in the data set, there was a degree of ‘rippling’ (processing artefact) and a region of minor discordance at the ‘seam’ between the two 3D surveys. This resulted from our focus on tying the two volumes solely at the reservoir levels (Latrobe and Golden Beach) during the reprocessing.

The top of the Gippsland Limestone was mapped as a grid on approximately every tenth line across the data set.  It was a mildly problematic event to map as the lower parts of the overlying unit have a similar progradational nature to the Gippsland Limestone below. The Gippsland Limestone contains a number of deep Tertiary channels and other sheet like units that contain material with vastly different velocity characteristics to the surrounding sediments.

The top of the Lakes Entrance Formation is an erosional surface over a more uniformly bedded unit.  It is mapped as a positive loop across the data set on every line.  This event and the underlying near Top Latrobe Siliciclastics were mapped on every line as the intervening unit represents a significant velocity inversion in the data set.  This isochron thins towards the south and south-west. 

The Top Latrobe Siliciclastics has traditionally been a crucial horizon for producing depth maps in the basin, as it is the objective level for most other producing fields.  In this region of the basin there have always been major problems with using seismic velocities for depth converting horizons below the top of the Latrobe Siliciclastics in non Pre-SDM data sets.  The current data set has minimised velocity errors due to the sea floor topography and Tertiary channels.  The event mapped in the current study is a zero crossing from a positive to a negative loop near the top of the Latrobe Siliciclastics and represents the erosional upper surface of this interval.  It is generally continuous (apart from three minor faults) and is mapped with a fair degree of confidence.

The T. longus Sequence Boundary 20 was an easy reflector (negative loop) to map, and was undertaken on a grid of every tenth line in the survey.  It was mapped primarily for structural control, as it represents the beginning of complex faulting within the deeper sections.

The top of the Coaly Sequence was mapped on a similar grid of every tenth line, but is a moderately variable negative loop, and somewhat problematical to map.  It is identified mainly on the basis of a higher amplitude section (due to coals) below this event.  It is also the first indication of significant faulting of mapped horizons within the Latrobe Siliciclastics.  

An event just below the top of the Coaly Sequence (near Top Coaly Sequence) was mapped by Woodside before the main interpretation; it was done on a high amplitude positive loop, and probably represents the topmost significant coal horizon in this unit.

The T. lilliei Sequence Boundary 5 is the top of the marginal marine section at the base of the Latrobe Siliciclastics in this area.  It was mapped as a variable negative loop on a grid of every tenth line and later infilled.

The top of the Golden Beach Sub-Group is a strong negative loop over most of the area.  It corresponds with the top of the volcanic section within the Golden Beach Sub-Group.  The Intra-volcanic Sequence Boundary, is almost coincident with the top of the Golden Beach Sub-Group in the northern part of the merged survey (Kipper area), and was mappable as a separate event south of the Chimaera-1 fault. It represents the top of a thin clastic unit (with minor marine influence) within the relatively thick volcanic section.  It is generally above the ‘intra-volcanic sequence boundary’ pick at the wells, but is an important structural guide for the increasingly faulted and thickening Golden Beach section below.

The Intra-Volcanics sequence boundary was mapped to provide a guide for net to gross estimates (with regards to reserves calculations) within the upper part of the Golden Beach Sub-Group.

N. senectus Sequence Boundary 20 (NS_SB20) (Enclosure 1). The NS_SB20 event remains difficult to interpret despite solving the mistie problem and generally improving the data quality. Amplitude modelling and analysis studies conducted in-house have indicated that this is probably related to impedance variations within the volcanic seal. Impedance variations in the seal should be expected as the volcanic facies changes (from basalt to tuff or ash) depending on paleo-topography and proximity to the eruption. To complicate the interpretation, the Golden Beach Sub-Group is faulted syn-depositionally in this region and so correlation into fault blocks without a well penetration can be difficult. The extra reservoir events resolved in the new dataset enabled an easier correlation to be made, for example, by seismic loop comparison between the NS_SB20 and the NS_SB10 event.

Fault density increases at the N. senectus Sequence Boundary 10 (NS_SB10) (Enclosure 2).  In addition, the event is a variable positive loop that is not possible to track for any great distance along lines.  The quality of the overlying pick increases confidence in the NS_SB10 pick across most areas of the merged volume.  Increased faulting at this level provides a structural closure for the Scallop prospect (at the critical north western corner of the feature and a minor fault (roughly east-west) provides closure for Manta half-way along the terrace between the two features.  This fault extends across the terrace and is located not far to the south of an interpreted volcanic ‘neck’ on the far north western end of the Chimaera fault terrace. This may represent a volcanic/shallow intrusive centre and shows up as a conspicuous circular feature on the map.  Another less spherical feature is present north of the Chimaera 1 well on the next fault terrace to the north.  These features are interpreted to be volcanic centres associated with rift related volcanism, which often uses faults as conduits for eruptions.  It should be noted that hot fluids associated with active volcanism are often mobile along fault planes near these centres and can create a “cement” within the fault plane, and an associated zone of locally cooked or metamorphosed rock.  Such faults could effectively provide permeability barriers irrespective of the degree of displacement exhibited by that fault on seismic.

4.2.4 Fault Mapping 

Fault maps were made for the near Top Latrobe Siliciclastics, T. Lilliei Sequence Boundary 5, Top Golden Beach Sub-Group, N. senectus sequence Boundary 20 (NS_SB20) and N. senectus Sequence Boundary 10 (NS_SB10) horizons.  The Pre-SDM data set has provided better resolution of the objective horizons, and the faults, which were previously very difficult to follow from the BMG to Kipper 3D surveys.  Acoustic impedance slices (Figure 4.1) of the data set have also provided an invaluable guide to fault interpretation, especially within the Golden Beach Sub-Group.

The top of the Latrobe Siliciclastics is not extensively faulted across this area, with only three minor faults at this level.  These are associated with the Tertiary inversion of the basin. 

The T. Lilliei sequence Boundary 5 provides the uppermost evidence within the Latrobe Siliciclastics of regional faulting across the area, with the major faults all breaking this surface.  The NE-SW regional trend of the major faults is clear at this level.

The top of the Golden Beach Sub-Group is an important horizon for depth mapping, however, in a structural sense, all the intense faulting within the Golden Beach Sub-Group is seen at horizons below this level.  Many of the secondary faults do not intersect this horizon.  Large displacements are seen along the fault forming the northern closure to the Scallop Prospect.

N. senectus Sequence Boundary 20 (NS_SB20), shows many of the secondary faults which characterise the more heavily faulted Golden Beach Sub-Group.  These faults trend along strike with the major NE-SW regional grain and form an accommodation pattern within the Scallop and Gummy features.  East – West trending relays are beginning to become evident cutting across most of the terraces.

Faulting at the N. senectus Sequence Boundary 10 (NS_SB10) level becomes more complex as the lower parts of the Golden Beach Sub-Group seem to have experienced an earlier episode of faulting.  The dominantly NE-SW grain of the faults is relayed along roughly E-W trending faults on nearly all fault terraces.  The north-eastern culmination of the Scallop prospect is cut by a number of narrow fault blocks which step the feature down to the south.  The crucial north-western end of the Scallop feature is faulted at this level with a minor displacement, which may provide closure. 

4.3 Depth Conversion

A depth – interval velocity model was created over the area covered by the merged volume. 

Three different workflows were tested for generating the interval velocities. 

Workflow 1: Interval velocity grids from a previously conducted Pre-SDM were smoothed and then used to map migrate time grids to depth.

Workflow 2: RMS velocities (from the Kipper/Basker-Manta 3D MSS) were intersected with each of the horizons listed below, and smoothed. A smoothing window was designed for each horizon to remove any anomalous RMS values. Smoothed RMS velocity horizons were then converted to interval velocities using the Dix Equation, over the intervals tabulated below. The interval velocity grids were decompacted to remove the regional structure-induced velocity trend, before smoothing and recompaction. Time migrated grids were then map migrated to depth using the overburden interval velocity – depth model.

Workflow 3: Interval velocity grids from the Pre-SDM were decompacted to remove the regional structure-induced velocity trend, before smoothing and recompaction. Time migrated grids were then map migrated to depth using the overburden interval velocity – depth model.

Workflow 2 was necessary for any horizons that were not in the Pre-SDM velocity model. 

Horizon
In Pre-SDM Model?
Preferred Work Flow
Interval for Velocity

WB
Y
W3
Const. interval velocity of 1530m/s

GL
Y
W3
WB-GL

LE
Y
W3
GL-LE

TL
Y
W3
LE-TL

GB
Y
W3
TL-BG

CS
N
W2
TL-CS

TLI_SB5
N
W2
TL-TLI_SB5

NS_SB20
N
W2
GB-NS_SB20

NS_SB10
N
W2
GB-NS_SB20

TLONGUSSB20
N
W2
TL-TLONGUSSB20

Table 4.3  Velocity model work flow according to stratigraphic unit.

Average velocity maps (Figure 4.2) were created from the generated depth maps. These average velocity maps were then compared to the pseudo-average velocities for each well (pseudo-average velocity is calculated from the well depth and the seismic twt). Average velocity maps were tied to wells in a two step process:

· Average well misties reduced to zero by applying a linear function to the pseudo average velocity grid. 

· Residual misties removed by localised shifting of the pseudo average velocity map. 

4.4 Depth Mapping

TWT and depth maps for the Water Bottom, Gippsland Limestone, Top Lakes Entrance Fm., Near Top Latrobe Siliciclastics, T. longus Sequence Boundary 20, Top Coaly Sequence, near Top Coaly Sequence, T. lilliei Sequence Boundary 5, Top Golden Beach, Intra Volcanics Sequence Boundary, NS_SB20 and NS_SB10 were generated.

The NS_SB20 and NS_SB10 depth structure maps are included (Enclosures 1, and 2).

4.5 Attribute Analysis

Three distinct DHIs of mappable extent are observed within the Scallop prospect (Figures 1.3 & 4.1): 

1) a shallow flatspot beneath the NS_SB20 horizon at approximately 2060 ms (2830mss). This upper DHI occurs below the base volcanic seal seismic event (NS_SB20) and would indicate hydrocarbon presence in Kipper S1 equivalent reservoirs (Figure 1.3b). This flatspot corresponds (approximately) to the one previously identified by ESSO as the shallowest of the two identified flatspots.

2) a deeper flatspot and amplitude anomaly beneath the NS_SB20 at approximately 2200 ms (3040mss); and (Figures 1.3 c & 4.1b).

3) a flatspot beneath the NS_SB10 horizon, beneath an extensive lava flow at approximately 2170 ms (3060mss) (Figures 1.3a & 4.1a). The NS_SB10 can exist independently provided that: 

a) the lava flow above extends into the major fault; or 

b) if the deeper NS_SB20 flatspot is the bonafide DHI.


This deeper flatspot corresponds (approximately) with that previously identified by ESSO, (as the flatspot below the Intra-Volcanics).

A number of key DHIs properties were surveyed in a questionnaire (Figure 4.3). Subsequent to this the questionnaire results were peer reviewed to establish an independent confidence level for each observed Scallop DHIs.  The results were normalised using observations from nearby fields where DHIs correspond to known contacts (Figure 4.4).  The shallow NS_SB20 DHI (2830mss) was assigned a reliability score of 41% based solely on the fairly extensive flatspot mapping conducted by ESSO.  The deeper NS_SB20 DHI (3040mss) was assigned a reliability score of 61% because its associated flatspot was equally compelling but it also had a structurally conformable AI anomaly.  Furthermore, when adjusted for depth effects, the AI anomaly compared favourably in magnitude to AI values found at the nearby gas fields (eg. Kipper, Manta, Gummy and Pilchard).  The NS_SB10 DHI (3060mss) was assigned a reliability score of 47% because it did not have a conformable AI anomaly but its flatspot appeared much clearer than the shallow NS_SB20 DHI (2830mss).  It should be noted that the reliability scores should be compared with the 80% reliability assigned to the Kipper DHI in retrospect.

In conclusion, we place substantially greater confidence in the deeper NS_SB20 DHI over the shallower NS_SB20 alternative. The apparent presence and TWT proximity of the deeper NS_SB20 DHI and the NS_SB10 DHI provides increased confidence in the existence of the deeper NS_SB20 DHI.  However, these relative confidence levels must be integrated with the purely geological risks associated with the column heights that they imply. 

A Bayesian2 inference approach was then used to arrive at the POS values for each scenario reported in Table 5.1 of this report. For example the geological risks (POS) associated with the NS_SB20 (3040m) DHI were first estimated at 8%. This was based largely on structural mapping, trap effectiveness analysis and by comparison with nearby well results. Bayes’ rule was then applied using a DHI confidence rating of 61%, increasing the POS of this scenario to 19.5% This achieved a good compromise between having a confident DHI but a low chance for the trap sealing.

5 PROSPECT DEFINITION

The following section discusses the geological risks associated with the Scallop prospect. The risk profile of this prospect is similar to that of Kipper, where trap effectiveness is the main risk. Table 5.1 summarises the risks for both the "Stacked Pay" and "Filled to Spill" scenarios. 

Scenario
Reservoir Presence
Reservoir Effectiveness
Charge & Preservation
Trap Presence
Trap Effectiveness
Total Model Risk (POS)

Stacked Pay
100
70
100
90
58
36.5

Filled to Spill
100
70
100
90
31
19.5

Table 5.1.  Prospect risks and POS values for both Scallop scenarios.
5.1 Play Type

The Scallop Prospect is located to the south of the Kipper field in VIC/RL2 and VIC/L9. The Scallop Prospect is partially fault bounded with closure at both the NS_SB20 and NS_SB10 levels. Two faults systems outline the prospect (Figures 5.1 & 5.2). The Scallop Fault defines the northern limits of the prospect and separates the Kipper Field from the Scallop prospect. The south-western boundary of this prospect is defined by the Mussel Fault (Figure 1.1). The shape of both faults has been used in calculating the volumetrics for this prospect. In addition there are a number of normal faults located towards the centre of the structure which have a north-westerly strike (Figure 5.1 & 5.2). These synthetic and antithetic faults combine to create a minor graben in the centre of the field. Time (Figures 5.1 & 5.2), depth (Figures 5.3 & 5.4), average velocity (Figure 4.2) and depth/structure (Enclosures 1 & 2) maps are given for both the NS_SB20 and NS_SB10 levels. 

5.2 Reservoir Presence

The Golden Beach Sub-Group in Kipper-1 and Kipper-2 consists of meander channels, crevasse splays, braided streams and alluvial fans. To the south of Kipper, the NS_SB20 depositional system was dominated by alluvial fans shedding off the Scallop Fault (Figure 5.5). The axial channels at this time appear to have low depositional energy where lacustrine and crevasse splay development was common. At East Pilchard-1 the depositional system is typical of a flood dominated crevasse splay regime, where the small sand bodies represent preserved flooding events. Larger, higher energy (cleaner) channels are more likely at the Scallop location (as opposed to the East Pilchard-1 location) as the proposed well is sited in the northern part of the prospect.

Like the NS_SB20 detritus, the NS_SB10 sediments appear to have also formed as a response to near fault syn-deposition where alluvial fans (gravels and sands) cascading off the Scallop Fault scarp were reworked axially by anastomosing braided streams (Figure 5.6). Lakes (shales) and swamps (coals) also exist within this depositional realm. The high energy, cyclic nature of this system is evident from the two Kipper wells. As a result the degree of correlatability between Kipper-1 and Kipper-2 is strong. In addition log evidence in combination with amplitude response suggests that the braided stream systems at the Scallop location are extensive but restricted to the north of the prospect. Net to gross at the proposed Scallop location is likely to differ to that intersected at East Pilchard-1 and is more likely to approximate the net to gross encountered at the Kipper wells. This is despite the fact that East Pilchard-1 (proximal to the Kipper growth fault) is closer to the proposed Scallop location than the Kipper wells However, like Scallop, the Kipper wells are sited approximately 300m from normal growth faults and are more likely to share a similar depositional history.  Reservoir presence is not considered a risk.

5.3 Reservoir Effectiveness

The primary reservoir objectives at Scallop are sub-blocky to blocky sandstones below the NS_SB20 level. These sediments are equivalent to the Kipper S-1 reservoir. The other primary target, are blocky sandstones below the NS_SB10 volcanic seal. At Kipper, S1 reservoir sediments have a variable log signature, indicative of a depositional regime with substantial variability. Kipper core analysis indicates that these sandstones are braid-plain in nature. Assessment by WEL agrees with the braid plain nature of these sandstone, whilst acknowledging there is likely to be interaction between braid-plain channels and alluvial fans forming on and cascading off the Scallop fault scarp. In this depositional model braid plain channels would interact with alluvial fans, reworking the fan material downstream (see Figure 5.5). Porosity and permeability in these sediments show moderate variability, related directly to grain size and shaliness of the rock. The NS_SB20 log response at East Pilchard-1 is typical of a lacustrine dominated system where regular flooding events (crevasse splays) punctuate the overbank interfluve (Figure 5.5). The sandstones at this locality are most likely small lobate pods with limited interconnectivity (low net to gross).

NS_SB10 sediments were deposited in a setting dominated by braid-plain sedimentation. The log response at Chimaera-1 and Manta-1 are typical of braid-plain sandstone channels (blocky with small shale intervals). Further up the depositional plain at Kipper and at East Pilchard-1 the nature of sedimentation changes reflecting a more proximal depositional system that is influenced by steeper gradients, alluvial fans and lakes. The log characters in these wells show variability in channel formation not seen down dip at Chimaera-1 and Manta-1 (Figure 5.6). Similarly the net to gross changes down the depositional plain such that proximal to the Rosedale Fault system the net to gross is less than the net to gross distally. On the lower depositional plain intermittent marine incursions from the southeast deposited non-reservoir sediments in between the fluvial sequences. Such sequences have yet to have been penetrated.

The proposed Scallop-1 location attempts to optimise NS_SB20 and NS_SB10 reservoir effectiveness. Hence, the proposed well is located 200-300m to the south of the Scallop Fault (see Enclosures 1 & 2). At this location the chance of intersecting good quality braid-plain channel sandstones is high, hence the risk factor of 70.

5.4 Trap Presence   

The trap at Scallop is downthrown against a large West to North-East bounding growth fault (Scallop Fault), up thrown against a fault in the South and formed by dip closure towards the East (Figure 5.7). Throw on the Scallop Fault is maximum (up to 250m) against the Kipper fault block but diminishing rapidly to very small throws (~10m?) towards the southwest against the East Pilchard fault block. The probability of trap presence for Scallop was set at 90% given the good seismic control, which allowed for well-defined faults and given numerous offset wells, which increased the confidence in the depth conversion. 

5.5 Trap Effectiveness 

5.5.1 Top and Lateral Seal

The top seal for Scallop is provided by thick volcanics in the upper part of the Golden Beach Sub-Group. These volcanics are found to be laterally extensive and form the main top seal in all the discoveries in the area (e.g. Kipper, East Pilchard, Manta and Gummy). The lateral seal for Scallop relies on sealing capacity of a large fault area and forms the main risk for the prospect. Juxtaposition analysis of the Scallop Fault shows the potential for large sand/sand juxtaposition areas (Figure 5.8) which form potential leak windows. However analysis of critical fault traps in the other discoveries in the area have shown that fault seal mechanisms are working and that sand on sand juxtaposition must be sealing (Figure 5.7 and Figures 5.9, 5.10, 5.11 & 5.12). Most notable examples are East Pilchard-1, Manta-1 and Gummy-1. The Kipper Field is most likely offset against predominantly shales of the Emperor Sub-Group (Kipper Shale, Figure 5.13). Figures 5.11 and 5.12 shows a 1-d Shale Gouge Ratio (SGR) analysis using the East Pilchard-1 and Manta-1 stratigraphy. It is clear that within the range of fault throws observed for East Pilchard-1 and Manta-1, sand on sand juxtaposition exists. For the case of East Pilchard-1, SGR across these sand on sand juxtapositions would be relatively high, however for Manta SGR would be fairly low. In both cases the volcanics are modelled as shale and although the volcanics maybe weathered to clay in certain areas this is probably not appropriate since most of the volcanics are expected to fail by brittle failure when faulted. Nonetheless especially in the case of Manta-1 it is clear that the volcanics in the fault zone must play a role in the fault sealing.

It is proposed that fault seal for these discoveries is formed by a combination of shale gouge formation and the emplacement of volcanics in the fault zone. Volcanics can get emplaced in the fault zone either by passive smearing of deposited volcanic layers or by active syn-kinematic intrusion of volcanics during faulting. Potential for the latter mechanism is supported by a depositional model for Golden Beach extrusives in the Kipper area from O'Halloran and Johnson (2001, PESA) which suggest faulting was active during deposition of the Golden Beach sands, shales and volcanics. Seismic evidence points to the existence of volcanic cones centred above fault zones and numerous intrusive volcanic dykes. Seismic evidence suggests that these intrusive volcanic dykes and associated faulting has formed the western trapping element for the East-Pilchard-1 discovery (Figure 5.14). A similar trapping element is proposed for the western end of the South Kipper prospect (Figure 5.15). 

Cooled extrusive lavas within the Scallop Fault zone would likely have been subject to extensive fracturing because of the brittle nature of the basalts. Subsequent to faulting however, the zeolithic-rich mineral assemblages within these basalts are highly reactive and would have promoted diagenetic-healing of these fractures. Under these circumstances and depending on the local stratigraphy on either side of the Scallop Fault, the shale gouge ratio (SGR) is likely to be in the order of 40-70% for most of the fault zone. However, since the throw of the Scallop Fault decreases dramatically towards the SW (compare Figures 5.16, 5.17 and 5.18 crossing the Scallop Fault), SGR may be a lot less and the sealing capacity may be greatly reduced. Worldwide calibrations of SGR have shown a quantitative relationship between potential maximum column height and SGR. Column heights in the area vary from 320m at Kipper, 80 to 165m maximum at East Pilchard-1, 130m at Gummy-1 and 80m at Manta-1. The "filled to spill" case (Figure 1.4) for Scallop would imply a maximum hydrocarbon column of 340m in the NS_SB20 reservoirs and 160m in the NS_SB10 reservoirs while the "stacked pay" scenario implies columns of 130m in the NS_SB20 reservoirs and 160 m in the NS_SB10 reservoirs. From a risking point of view it is obvious that the probability of sealing a column of 130 m is larger than the probability of sealing a column of 340m.  

The fault seal at the southwest end of the Scallop Fault may be enhanced by volcanic intrusion. Seismic evidence suggests that volcanic intrusion and extrusion may have occurred during deposition of the NS_SB20 sequence (Figures 5.19, 5.20, 5.21 and 5.22). This may also imply that the net to gross of the NS_SB20 interval may be locally lower due to the potential diversion effect of volcanic cones on the depositional system. This enhances the probability of higher SGR even with potentially low fault throws. 

In light of the above it is clear that trap effectiveness is the major risk for the Scallop prospect. The probability of trap effectiveness was considered for the "filled to spill" case and the "stacked pay" scenario. The following table summarises the probabilities of trap effectiveness for the various scenarios and reservoir objectives.

Stacked Pay
Column Height (m)
Trap Effectiveness (%)

NS_SB20
130
40

NS_SB10
160
40

Filled to Spill
Column Height (m)
Trap Effectiveness (%)

NS_SB20
340
15

NS_SB10
160
40

Table 5.2  Column heights and trap effectiveness for the "stacked pay" and "filled to spill" scenarios

Trap effectiveness risks for both scenarios were then updated given the direct hydrocarbon indicator evidence from seismic and QI work using the Bayesian risking methods (see section 4.5).
5.6 Charge and Preservation

Hydrocarbon generation and accumulation in the Gippsland Basin has been episodic. In the eastern portion of the basin (including the Kipper-Scallop-Basker/Manta region) there have been two distinct hydrocarbon generation phases. The first was associated with Tasman Sea rifting 60-80 million years ago. Significant gas was generated at depth at this time but was not trapped (pre-structuring). The last phase, which post dated basin structuring, commenced 10 million years ago, yielding mainly gas (Moore et al., 1992). 

Locally, the Kipper hydrocarbon kitchen is interpreted by Sloan et al. (1992) to lie to the south of the field in the Scallop & Basker-Manta regions. In this region, the basal Latrobe (T. lillie) and Golden Beach Sub-Groups are presently within the oil-maturation window. However, the over mature gas found at Kipper is interpreted to have been generated from within the Golden Beach Sub-Group, and not the Latrobe package. The rocks of this latter unit have not undergone sufficient burial within the Kipper drainage area to become over mature for gas generation. 

Despite the predisposition of Golden Beach and Latrobe sediments for gas generation, some oil has been encountered in the region around Scallop. In particular, light oil typical of Gippsland crudes were recovered at Kipper Field to the north and Basker-1 and Manta-1 wells to the south (Clark and Thomas, 1988). Thus, assuming an adequate trapping mechanism exists at Scallop it is likely that a similar proportion of gas and light oil could be encountered.

The key factor in determining the oil versus gas ratio (or OVG) in the Gippsland Basin is maturity, which in turn is related to temperature history (Moore et al., 1992). For example, the maturity of the oil and gas at Kipper is significantly different suggesting that each hydrocarbon phase was generated by differing source rock maturities (Sloan et al., 1992). In general gas is generated where sediments have been buried rapidly (5-6 km) and experienced high heat flows (Moore et al., 1992). Migration also plays a role in determining OVG ratios. Rahmanian et al. (1990) concludes that gas (as opposed to oil) will more likely accumulate where faults access deeply buried source rocks. 

Most workers propose that the Latrobe and Golden Beach packages are the main sources for both oil and gas in the Gippsland Basin (Clark and Thomas, 1988; Moore et al., 1992; Sloan et al., 1992). The source rocks within these units have been geochemically typed to terrestrial lower coastal plain depositional environments (Moore et al., 1992). Geochemical fluid analysis (Moore et al., 1992) also suggests that there maybe contribution from marine sediments from within the Golden Beach Sub-Group. At Kipper the total Organic Carbon (TOC) of the Golden Beach Sub-Group averages 2-3% and is regarded as an effective source for gas. However, with respect to oil the Golden Beach Sub-Group in the Kipper region is regarded as poor (Sloan et al., 1992). 

It is generally accepted that hydrocarbon generation in the Gippsland Basin occurs at depths in excess of 4km (Saxby, 1980). This implies that extensive migration has occurred into shallower reservoirs (Clark and Thomas, 1988). The same authors postulate that vertical migration of 1.5km has occurred in the Basker-Manta region in order to fill these structures. A similar mechanism for hydrocarbon migration is envisaged at the Scallop prospect whereby vertical migration of hydrocarbons occurred from deeper buried Golden Beach Sub-Group sediments. The likelihood of such a hydrocarbon charge into the Scallop is regarded as high. Subsequently the charge risk for this prospect is regarded as being a given (see Table 5.1). 

CO2 was encounter at the both Kipper Field (ave - 13%) and Basker-1 (lower Latrobe Group - 19%). The Co2 signal in fluid inclusion samples from Basker-1 and Manta-1 crudes are highly variable and appear to be unrelated to the composition of associated hydrocarbon gases. This suggests that Co2 in the Scallop region has an unpredictable, inorganic source. 

H2S has not been encountered in wells in the immediate vicinity and is not expected to be encountered whilst drilling the Scallop prospect.

6 VOLUMETRICS & RISKING

6.1 Methodology

In order to correctly account for volumes in the Scallop prospect, two mutually exclusive scenarios were calculated; "Stacked Pay and "Filled to Spill" (Figure 6.1). 

· The "Stacked Pay" scenario accounts to a lowside case with hydrocarbons volumes are calculated in the upper NS_SB20 DHI tank (GWC - 2830m) and the NS_SB10 DHI tank (GWC - 3060m) (Figure 6.1).

· The "Filled to Spill" upside case accounts for hydrocarbon volumes in the lower NS_SB20 DHI tank (GWC - 3040m) and the NS_SB10 DHI tank (GWC - 3060m) (Figure 6.1).
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Figure  6.1  Volumetric scenarios 1. "Stacked pay" and 2, "Filled to Spill"

Gas volumetrics for the Scallop prospect were calculated using Fastrack
 version 1.5.1 probabilistic volumetrics tool. The NS_SB10 and NS_SB20 levels were gridded using Pseis (version 11.4). Depth-area pairs (20m) were also calculated using Pseis (version 11.4). As a QC check the volumes from both Petrosys and Fastrack (Gross Rock Volumes or GRV's) were compared and show reasonable agreement. 

Fastrack then runs 1000 iterations (Monte-Carlo simulations) and for each trial chooses a single value for each variable. The values selected may be controlled by the quality of other variables already chosen for the trial that is the variables may be linked. Hydrocarbon fill is also allowed to range over specified depths for each trial. One assessment volume number results from each trial and a range of 1000 assessment volumes is output. 

6.2 Prospect Assessment: Input Parameters

Fastrack requires input information concerning the structure of the trap (depth maps), geological parameters (including reservoir and fluid properties). Each of these variables are input as a range, with Min, Mean and Max expectations defined (Table 6.1). 

NS_SB20 (8a & b)
Min
Mean
Max
SD

Gross Thickness
130
160
200
10

NTG
40
55
70
6

Porosity
12
14
17
1

Sh
50
65
75
5

RF
0.67
0.79
0.84
0.03

CO2
N/A
N/A
N/A
N/A

1/Bg
250
250
250
250

Regional Temp Gradient
30C/100m
30C/100m
30C/100m


Aquifer Press Gradient
0.1018bar/m
0.1018bar/m
0.1018bar/m


Table 6.1 NS_SB20 Fastrack input parameters

The geological inputs used to calculate volumes at Scallop are outlined in Tables 6.1 & 6.2 These parameters were derived primarily from surrounding wells such as Kipper-1 -2, East Pilchard-1, Chamera-1 and Manta-1.

NS_SB10 (8d)
Min
Mean
Max
SD

Gross Thickness
100
120
150
10

NTG
30
60
80
6

Porosity
11
13
16
2

Sh
50
67
85
N/A

RF
0.67
0.79
0.84
0.03

CO2
N/A
N/A
N/A
N/A

1/Bg
250
250
250


Regional Temp Gradient
30C/100m
30C/100m
30C/100m


Aquifer Press Gradient
0.1018bar/m
0.1018bar/m
0.1018bar/m


Table 6.2 NS_SB10 Fastrack input parameters

In addition to the reservoir parameters and structural inputs. depth to crest, area uncertainty and spill point depths were defined and input as single point values, with ranges defined (Table 6.3). 

Level
Crest (m)
Max Closure (km2)
Area Uncertainty (%)
DHI Spill point (m)

NS_SB20 (Upper DHI)
2600
2.31
100 (SD = 7.5)
2830 +/-15

NS_SB20 (Lower DHI)
2600
18.2
100 (SD = 7.5)
3040 +/-20

NS_SB10 DHI
2800
1.4
100 (SD = 7.5)
3060 +/-20

Table 6.3. Crest, Maximum closure, area uncertainty and spill point input parameters

Three DHI's are observed at the Scallop prospect (see Section 4.5). Each is regarded with differing confidence. The lower NS_SB20 (3060mss) is regarded with the highest confidence (this DHI is the second highest ranked DHI in VIC/RL2). This DHI also enjoys good seismic and amplitude support (Figures 1.3b & 5.7). The upper NS_SB20 DHI (2830mss) and NS_SB10 (3040mss) DHI's are regarded with less confidence as resolution of these events is less. However, a distinctive amplitude shut off (Figure 5.7) does correspond well with the interpreted seismic depths of these events. 

6.2.1 Scallop Prospect Assessment: Assumptions

A number of assumptions were made for the assessment of volumes at Scallop. The following is a brief description:

· It was assumed that the intrusions at Scallop would not significantly affect the gross rock volume of the hydrocarbon zones. Relatively few intrusions are interpreted at Scallop compared with the Kipper Field where the mapped intrusions occupied 3 percent of the total rock volume.

· It was also assumed that poor reservoir is likely to occur 200m below the NS_SB10 marker with no credit taken for volumes below this level. This judgement was based on experience from nearby wells. There may be an up-side to the assessment if deeper facies at the Scallop location contains reservoir as there is 360m of closure to physical spill at the NS_SB20 level.

6.3 Volumetric Assessment: Results

Using the parameters and assumptions outlined in this chapter the following table (Table 6.4) details the unrisked GIIP volumes calculated for the Scallop prospect.



In Place Gas (Bcf, Unrisked)


Mean
P90
P50
P10

Stacked Pay
219
184
217
254

Filled to Spill
1205
973
1194
1447

Table 6.4. Scallop unrisked GIIP volumes

7 WELL LOCATION 
Scallop-1 is proposed to drill at the following location, defined as:  

Field :
Gippsland Basin, Victoria
Well Location:
AMG Zone: 55
 CM 147°East
Datum: AGD84 
(Surface)
Easting:
   639 210E
Latitude:
38° 12' 53.802"S
 


Northing:
5 769 126N
Longitude:
148°35' 24.66"E

(Bottom-hole)
Easting:
   639 210E
Latitude:
38° 12' 53.802"S

Northing:
5 769 126N
Longitude:
148°35' 24.66"E


Seismic Reference: Merged Kipper/BMG-3D:
Inline 1606
Trace 600

Primary Objective:
Golden Beach Sub-Group, NS_SB20, Top @ 2790 m tvdss (85 m 

                                      
Golden Beach Sub-Group, NS_SB10, Top @ 3029 m tvdss (95 m 

Water Depth:
117m +/-3m


The surface and sub-surface locations are identical.  The proposed location, based on 3D seismic data, has been chosen because:

· it lies within the mapped time and depth closure of the Top NS_SB20 and Top NS_SB10 (Golden Beach Sub-Group),

· it lies within the area interpreted to contain gas, based on the observed DHI’s,

· it lies in a crestal position, in an area likely to have good lateral communication;

· it lies on a good quality 3D seismic line,

· it lies 375m south of the major bounding fault, as mapped on migrated seismic data

· it lies 500m north-west of a series of small faults on the eastern flank of the structure

· it will allow a vertical well to successfully test the two identified objective levels, and

· seabed and overburden hazards appear to be low risk at this location.

Seismic well tie lines are shown in Figure 1.3.  Figure 8.1 shows a seismic tie line between East Pilchard-1 and Scallop-1. Enclosure 3 is a well correlation between Kipper-2, East Pilchard-1, Scallop-1 and Manta-1.

7.1 Depth Prognosis

The depth prognosis for the Scallop-1 location is provided in Table 8.1 and in Enclosure 4.

SCALLOP-1 Prognosed Stratigraphy (depth mtvdss)

Seismic

Horizon
Pick
Predicted Depth 
Depth Uncertainty

WB
Water Bottom

117
+/- 3m

GL
Gippsland Limestone
285
+/- 30m

LE
Lakes Entrance Fm.
1221
+/- 70m

TL
Latrobe Siliciclastics
1692
+/- 35m

LO
T. longus Sequence Boundary 20
2209
+/- 90m

TC
Top Coaly Sequence
2525
+/- 90m

IL
T. lilliei Sequence Boundary 5
2552
+/- 75m

GB
Golden Beach Sub-Group
2596
+/- 80m

NS_SB20
N. senectus Sequence Boundary 20
2790
+/- 85m

NS_SB10
N. senectus Sequence Boundary 10
3029
+/- 95m

Table 8.1.  Depth Prognosis

The anticipated lithologies are summarised in Appendix 3.
7.2 Target Tolerance

Surface tolerance is a square with 25m sides centred on the above location.  A map showing this tolerance target has been provided in the Basis of Design for the well.

The well is to be vertical and the target tolerance at the primary objective is a square with 100m sides centred on the surface location.

7.3 Total Depth Criteria

Scallop-1 will be drilled to a total depth that achieves penetration of at least 40 m below the NS_SB10 DHI depth of 3060msstv. A total depth of 3100 + 95 mss is estimated. 

Actual TD can be clarified once the NS_SB20 (top Reservoir) and NS_SB10 (First Volcanics) are identified by the wellsite geologist.  Once these have been determined, a revised TD will be issued by the project geologist.

In the event that hydrocarbon shows are present at TD, then it is recommended to continue drilling until 50 m below the deepest significant hydrocarbon show seen.  As coals with associated gas levels above background have been encountered in the Golden Beach Sub-Group, significant hydrocarbon shows should demonstrably be present associated with sandstone beds.

In the event that slow ROPs are encountered in the Golden Beach Sub-Group, a shallower TD may be considered.  After consideration, a revised TD may be issued by the project geologist.

7.4 Notional Well Design

The well design will be based on recently drilled and technically successful wells by Santos.

The semi-submersible rig “TBA” will be used to drill Scallop-1 from an available slot on the drilling sequence from January 2003 onwards.

A 914mm (36”) hole will be drilled riserless to approximately 188m and 762 mm (30”) swedged to 508 mm (20”) shoe will be run. The casing will be cemented conventionally, taking returns at the sea floor.
A 445mm (171/2”) surface hole will be drilled to approximately 865m for setting of 340 mm (133/8”) surface casing at about 850m.

A contingent 244 mm (95/8”) casing at about 2000 m will be run if hole conditions dictate.

A 311mm (121/4”) hole will be drilled to TD at approximately 3125m. No casing/liner will be run unless testing is considered, in which case a 244mm (95/8”) casing will be run to TD.

The evaluation programme is documented separately below.  It is planned to plug and abandon Scallop-1.

Refer to the Drilling Programme for the specific design of the casing strings.
8 FORMATION EVALUATION
8.1 MWD/FEWD

MWD/FEWD (GR-RES real-time mode) will be required for the 121/4” and 81/2” open hole section, where it will be used to facilitate stratigraphic correlation and early identification of hydrocarbon contacts.

8.2 Wireline Logging

Assuming that the wireline logging contractor for this well is Schlumberger, they would be running the Platform Express generation of tools through a Maxis 500 logging unit.  The wireline logging requirements for Scallop-1 are detailed below.  In the dry hole case only runs 1, and 4 would be performed.

Suite 1 (to follow the drilling of the 12 1/4" open-hole).

Run 1 
HNGS-SP-MCFL-HRLA-DSI-TLD-TNPH-LEH-QT-GPIT

Run 2 
 MDT-GR-LEH-QT

Run 3 
 VSP

Run 4

 CST

The final logging programme will be documented separately once the choice of rig and logging contractor is finalised.

8.3 Coring

No coring is planned for this well. In a success case, coring could be undertaken in a future appraisal well.

8.4 Testing

No testing is planned for this well. In a success case, it is envisaged that appraisal wells would be drilled in the future and production testing could be undertaken at that time.  

The logging programme for Scallop-1 aims to provide limited data on the composition of any hydrocarbons present and on the permeability of the reservoir sands. 

9 HSE/DRILLING HAZARDS

9.1 Offset Wells 

Well Name
Operator
Distance/Direction
Comments

East Pilchard-1
Esso 2001
4 km to NW
Equivalent Target, Data Trade

Kipper-1
Esso 1986
4km NNE
Equivalent Target, Open File, Exploration Well

Kipper-2
Esso 1987
3km NNE
Equivalent Target, Open File, Appraisal Well

Manta-1
Shell 1984
 12.5km to SE
Equivalent Target, Discovery well

Table 9.1. Offset wells

9.1.1 Shallow Gas 

No shallow gas zones have been encountered while drilling the offset wells. 

For Kipper-1, Kipper-2 and East Pilchard-1 wells the total gas was always below 1% by volume in the section above the top of the Latrobe Siliciclastics. In Kipper-1 total gas readings were elevated over the Latrobe Siliciclastics small oil accumulations. The top Latrobe total gas readings were affected by the coring of this interval, with a maximum reading of only 2%. Over the lower oil zones the maximum total gas reading was 6%. 

In East Pilchard-1, no shows were encountered in the Latrobe section and the total gas was always below 1% by volume. 

It should be noted that the Scallop-1 well is planned to be close to the mapped closures at the top and intra-Latrobe levels and so may intersect similar gas readings to Kipper-1 in these zones. In Kipper-2 the maximum total gas reading within the Latrobe Group was 2%.

The well profile has been reviewed to ensure that no anomalous bright seismic amplitudes are intersected in the shallow section. At the proposed Scallop-1 well location, small closures exist in the lower Latrobe Group.  Inspection of the nearby seismic data did not reveal any obvious flatspot anomalies. This is not unexpected given the interbedded and stacked nature of the lower Latrobe reservoir in nearby fields.  Instead, acoustic impedance slices were taken at several levels within the coaly sequence and near the T. lilliei Sequence Boundary 5 event and these did not show any obvious hydrocarbon effects that were conformable with the structural closure.  This approach has proven successful in revealing the extent of oil in some of the nearby fields.  Therefore it seems unlikely that we would encounter significant oil or gas columns in the lower Latrobe Group at the proposed well location.

In addition a search for possible seismic amplitudes was conducted in the Upper Latrobe Group and the remaining overburden. This review identified no obvious hydrocarbon effects.

Due to the low probability of encountering shallow gas in the borehole section below the structural casing, pilot holes are not expected to be required. 

9.2 Formation Pressure
The formations to be drilled are all normally pressured.  No abnormal pressure has been encountered on the Kipper structure above 2500m TVDSS. Deeper in the formation below TD, in the P. mawsonii shale prone section, two thin abnormally pressured sands were encountered by Kipper-1 between 2832 and 2848 metres with pore pressure of 9.8 ppg MWE. Gas was recovered from an RFT in the lower sand. These sands are located in the foot wall of the main Kipper northern bounding fault, where a much lower net to gross section is present. 

The Scallop-1 location has been selected sufficiently away from the main bounding fault  (350m south) as to avoid penetration of the foot wall section, albeit the results of East Pilchard-1 suggest that there is no overpressure in the lower part of the Golden Beach Sub-Group. 

In East Pilchard-1 the pore pressure was estimated to be normal at 8.6pg EMW down to 3090m. However, based on background gas level and a non-homogenous lithological application of the DxC ratio, it is possible that the section from 3090m to 3120m could have a marginal pore pressure increase from 8.7 to 8.9ppg EMW. From 3120m to TD (@ 3138m) the pore pressure was estimated to be normal at 8.6ppg EMW.

9.3 Fracture Gradient

Two Formation Integrity Tests (FIT) were performed in East Pilchard-1 to measure the fracture pressure at the 13.375” casing shoe (in the Gippsland Limestone) and at 2471m (Golden Beach Sub-Group - volcanic seal) prior to drilling into the target below the volcanics, with the results shown below:

Table 9.2  Proposed drilling parameters for the Golden Beach Sub-Group.

The drilling fluid density was then kept constant by adding mud premix to the system until the target depth was reached at 3138m. Numerous flow checks conducted at drilling breaks showed a static hole condition. While drilling over the entire 12 ¼” hole, fluid losses to the system were minimal and within expected volume to the arenaceous formations. The maximum effective circulating density exerted by the rig pumps was calculated at 10.4ppg. This value was way below the 11.8 ppg strength of the weakest formation in this bottom hole section.

9.4 Temperature

The predicted temperature profile is illustrated in Enclosure 4.

Based on offset well data, a temperature gradient of 3.0°C/100 m is expected for the Scallop-1 location. Assuming a seabed temperature of 5°C, this yields a predicted temperature of 95  + 10°C at a total depth of 3100 mss.

9.5 Lost Circulation 

9.5.1 Lost Returns

No lost returns problems were experience on the previous Kipper wells and East Pilchard-1.  The Gippsland Limestone has historically yielded higher fracture pressures than typical marine claystone.  Based on these factors, no lost returns are anticipated.

9.5.2 Faults
The well will be vertical to TD and its location is approximately 375m south of the major northern bounding fault (as mapped on migrated seismic data) at the sealing volcanics (NS_SB20) level. Additionally, the proposed location lies 500m north-west of a series of small faults, interpreted near the top of the NS_SB20, on the eastern flank of the structure. 

Any mitigation measures required will be considered in the detailed design for the well. Historically drilling intra-Latrobe faults in Bass Strait have not been a problem.

9.6 Drilling Problems
The Lakes Entrance Formation is known to contain reactive shales and may be the source of significant cavings. In Kipper-2 tight hole was experienced during a wiper trip due to 'sticky clay formation' which occurred at the top of the main volcanic seal section.

Coal is predicted to be encountered in the Latrobe section above the volcanics while drilling the development wells. However coals did not cause problems while drilling the vertical exploration wells. The intersected coals generally had thicknesses of up to 2 metres. One coal in the Kipper-2 well was 6 metres thick. 

The current well plan includes the use of KCL/Glycol/PHPA mud to minimise the washout and hole instability problems normally experienced in the Lakes Entrance Formation.  This mud has been used in the Bass Strait for several years with good success.  As an alternative to the KCL/Glycol/PHPA mud, Synthetic mud (Petrofree) has been used on the extended reach wells on the production platforms and has been highly successful stabilising the Lakes Entrance Formation.  This option may be considered during detailed well design.  

9.7 Toxic Gases (Carbon Dioxide / Hydrogen Sulphide)
Given the CO2 profile in Kipper-1, local zones with elevated CO2 percentages may exist. Hence all wells design should be based on expecting up to or in excess of 18% CO2.

One zone in East Pilchard contained just under 50% CO2.  Experience suggests that high levels of CO2 in the formation will not necessarily be reflected at the detector due to CO2 dissolution in the drilling mud. 

No H2S is expected in Scallop-1 based on the fact that no H2S (above 30 ppm) was detected during the Kipper-1 or Kipper-2 or East Pilchard-1 operations. Albeit H2S is not expected, it will be monitored continuously.

9.8 Seabed Hazards
An interpretation of the sea floor reflection has been made on the merged seismic survey. No significant anomaly is observed on a time structure map of this reflector at the development well surface location. However the reflection is distorted by the effects of shooting with multiple seismic cables, such that the variation in time between adjacent lines is significant. Consequently small anomalies may be masked on this data.
A site survey will be conducted prior to mobilising the MODU to the location. This survey will identify seafloor hazards at the location and bathymetry.
9.9 Other
Offset well data indicates that trace pyrite and chert are likely in the Latrobe Siliciclastics.

These lithologies are difficult to drill with PDC bit and may require bit trips for TCI bit. 

10 Economics and Development.

10.1 Background and Notional Development Concepts

The Kipper Reference Base Case development comprises four subsea wells tied back via a subsea pipeline to an onshore greenfield gas plant near Orbost. The economics of this case appear marginal. 

Given the prospectivity of the VIC/RL2 lease, finding additional reserves is seen as the most expedient way to achieve commerciality.

The Scallop prospect is located approx 3.5km south of the Kipper Field in 117m of water. Based on independent interpretations and evaluations conducted by WEL and STO, two "fill scenarios", supported by seismic amplitude mapping, are possible:

· Scenario 1 (Stacked Pay); Mean Success Volume 219 Bcf 

· Probability of Success = 36.5%

· Scenario 2 (Filled to Spill); Mean Success Volume = 1205 Bcf

· Probability of Success = 19.5%

Seismic amplitude mapping conforms to the structural spill point of the structure and lends strong support to the presence of the lower NS_SB20 DHI. At this level, the prospect is mapped as 18.2 km2 (deeper NS_SB20 DHI, Full to Spill Case). It is the main objective of this well to test the validity of this interpretation.

Two separate development scenarios were evaluated, based on the prognosed GIIP:

· Kipper plus Scenario 1 (low volumes) Scallop 

· 3 Kipper wells, 1 Scallop well, 

· 70PJ plant

· Kipper plus Scenario 2 (high volume) Scallop 

·  4 Scallop wells, 3 Kipper wells

· 70PJ plant


10.2 Costs

Two separate development scenarios were evaluated, based on the prognosed GIIP:

· Kipper plus Scenario 1 (low volumes) Scallop 

· Capex $942M

· Kipper plus Scenario 2 (high volume) Scallop 

· Capex $1039M 

Exploration well costs $15.78m (as per Santos estimate), after tax cost $6.6m.

The economics assumptions and inputs included in the cases were:

· Discount date 1.2001

· RFSU 1.1.2007

· JV economics, flat real prices, real term capex & opex (1.1.2001)

10.3 Results

Screening economics on the Scallop Prospect were performed using a spreadsheet developed by the Northwest Shelf production division. The notional development scenarios investigated included:

The results clearly suggest that a high volume Scallop discovery will establish a clearly economic VIC/RL2 gas development; a low volume Scallop discovery will improve the chance of a successful, economic development for a combined Kipper/Scallop development project. 

10.4 Subsurface Development Uncertainties

Key uncertainties include:

· Actual volumes discovered,

· the CGR in Scallop and the condensate RF,

· amount of non-hydrocarbon gas potentially in the prospect,

· RFSU time,

· in a Scallop success case, future tie-backs will add value by forming a cluster development project.
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APPENDIX 1.
WOODSIDE/SDA WELL IDENTIFICATION NOTE (WIN)                                                           version: 99/1
Ref #

INFORMATION TO BE PROVIDED BY THE ASSET GROUP/PROJECT TEAM

CHAMPION
Giovanni di Toro
REF. IND. 
ASC1 

BU
SEAGBU
ASSET  
Bass Strait

IDENTIFICATION




Area/Basin
Gippsland Basin
Well trajectory
Vertical

Concession/Permit
VIC/RL2
Well activity


WEL Share (%)
30%
End status
P&A

Partners
Esso/BHPB/STO
Objectives
 (Formation)
Golden Beach Sub-Group

Prospect/Field Name

Scallop Prospect
Produced Fluid type
Gas

Well Name
Scallop-1
Commitment
No

Well Type
Exploration
Dist. To facilities  (km)
18Km to West Tuna Platform

Probability of Drilling (%)
Budget Status

-EAC Approved (29 Nov. 02)
Multiple Objective 

Golden Beach Sub-Group,  two levels
Single Objective, 

GEOLOGY / GEOMETRY
STRATIGRAPY


Surface coordinates
E:
    639 210  

N:
5 769 126
Formation 

(mapped horz)
(TV-Depth; m)

Water depth (m BLAT)

Water Bottom

117

Target coordinates (subsurface)
E:    639  210

N: 5 769 126
Gippsland Limestone
285

TVD Target (mtvd BLAT)
2790m
Lakes Entrance Fm.
1221

TVD TD (mtvd BLAT)
3100m
Latrobe Siliciclastics
1692

Horizontal Displ. Target (m)
0m +/- 50m
T. longus Sequence Boundary 20
2209

Horizontal Displ. TD (m) 
0m +/- 50m
Top Coaly Sequence
2525

Operations hazards


T. lilliei Sequence Boundary 5
2552

Shallow Gas
No
Golden Beach Sub-Group
2596

Abnormal Pressure
No
N. senectus Sequence Boundary 20 (NS_SB20)
2790

Max. H2S Expected (ppm)
None expected
N. senectus Sequence Boundary 10 (NS_SB10)
3029

Max. CO2 Expected (%)
<18%



Salt Section (length)
No
Nearest correlation well
Distance (km)

Shale Section (length)
No
Kipper-2
3 Km

Reefs
No
East Pilchard-1
4 Km

Losses
No
Manta-1
12.5 Km

Other




COMPLETION




Size
N/A



Standard/Multiple




Well Type
Exploration



Material




Max. Pressure (psia)
5500 psia
Reservoir completion


Max. Temperature (°C)
150°C
Other


PLANOLOGICAL CONSTRAINTS
TIME CONSTRAINTS

Drilling Restrictions
Nil
Earliest Spud
Jan. 2003

Weather (e.g. Cyclone season)
(month-month)
Latest Spud
March. 2003

Fishing
Nil-Minimal
Preferred Spud
Jan 2003

Environmental Impact
Nil-Minimal
Duration (days)
~15 days

Others
Nil



 APPENDIX 2.

Drilling Programme.

(See separate document)


APPENDIX 3.
A description of the prognosed stratigraphy is given below. Returns to seafloor to 865m.

Unconsolidated recent sediments; 117 to 285m 

Unconsolidated argillaceous calcilutite.

Gippsland Limestone; 285 to 1221m 

ARGILLACEOUS CALCILUTITE, Light grey to medium light grey, olive grey. Soft, occasionally firm, subblocky, sticky in places, trace carbonaceous material and trace Foraminifera.

Lakes Entrance Formation; 1221 to 1692m 
ARGILLACEOUS CALCILUTITE Light grey to light medium, grey light olive grey, olive grey. Soft to firm, subblocky to blocky, sticky in parts, trace carbonaceous material, trace fine quartz grains, trace Foraminifera, trace fossil fragments and MARL Medium light grey, medium grey, olive grey, light olive grey. Soft to firm, occasionally hard, subblocky to blocky, trace subrounded, fine and occasionally orange stained quartz grains, trace carbonaceous specks, trace fossil fragments., MARL Medium light grey, medium grey, olive grey, light olive grey. Soft to firm, occasionally hard, subblocky to blocky, trace fine, subrounded and orange stained quartz grains, trace carbonaceous specks, trace glauconite, trace pyrite nodules and disseminated pyrite, trace Foraminifera, trace fossil fragments. Grading to CALCAREOUS CLAYSTONE in places. CALCAREOUS CLAYSTONE Light grey to medium light grey, light olive grey, olive grey. Soft to firm, subblocky to blocky, sticky in parts, trace carbonaceous material, trace fine quartz grains, trace glauconite, trace Foraminifera, trace fossil fragments.

Latrobe and Lower Latrobe Group; 1692-2596m
SILTSTONE, SANDSTONE, COAL and minor CLAYSTONE

SILTSTONE: Pale yellowish brown, yellowish brown, light brown, light olive grey, dark greenish grey, moderate brown, greyish brown, brownish grey, medium dark grey. Firm to hard, dispersive, subblocky to blocky, platy, laminated, trace carbonaceous lamination, trace glauconite, trace nodular and disseminated pyrite.

SANDSTONE: Translucent to opaque quartz grains, very fine to medium, occasionally coarse grains, subangular to subrounded, subspherical, moderate to well sorted. Rare to abundant white argillaceous matrix and trace silt matrix, well cemented in parts with trace to rare pyrite cement, weak silica cement. Trace pyrite nodules, trace to glauconite, poor inferred porosity. Grading to SILTSTONE in places.

COAL: Bituminous to subbituminous. Greyish black to black, brownish black. Firm to moderately hard,

subconchoidal fracture, blocky, vitreous lustre, trace pyrite. Grading to CARBONACEOUS SILTSTONE in places.

CLAYSTONE: Light grey to light olive grey, brownish grey. Firm, subblocky to blocky, waxy in parts, abundant glauconite, trace carbonate specks, trace pyrite, trace dolomite.

SILTSTONE, SANDSTONE and minor COAL

SILTSTONE: Dark greenish grey, dark grey, greenish grey, brownish grey, olive grey, medium grey to medium dark grey. Firm to hard, subblocky to blocky, trace to rare carbonaceous laminations, trace glauconite, trace nodular and disseminated pyrite.

SANDSTONE: Translucent to opaque, occasionally yellowish brown stained, occasionally frosted quartz grains. Predominantly loose, fine to very coarse grained with occasional pebbles, subangular to rounded, subelongated to subspherical, poor to moderately sorted, weak siliceous cement, trace pyrite cement, rare argillaceous matrix, trace disseminated pyrite and coal fragments, fair inferred porosity.

COAL: Subbituminous. Greyish black to black, brownish black. Firm to moderately hard, subconchoidal fracture, blocky, vitreous lustre, trace pyrite. Grading to CARBONACEOUS SILTSTONE in places. 

SANDSTONE, SILTSTONE, COAL with minor CARBONACEOUS SILTSTONE
SANDSTONE: Translucent to opaque, occasionally grey, occasionally frosted, quartz grains.

Predominantly loose, fine to very coarse grained with occasional pebbles, subangular to subrounded, subelongated to subspherical, poor to moderately sorted, trace to rare pyrite cement, rare weak siliceous cement, trace pyrite nodules, good inferred porosity.

SILTSTONE: Dark yellowish brown, dusky yellowish brown to brownish grey, olive grey, light grey. Firm to moderately hard, subblocky to blocky, trace to rare disseminated pyrite, trace carbonaceous laminations. Grading to CARBONACEOUS SILTSTONE in places.

COAL: Subbituminous, greyish black, brownish black, black to dusky brown. Firm to moderately hard, subconchoidal, subblocky to blocky. Grading to CARBONACEOUS SILTSTONE in places.

CARBONACEOUS SILTSTONE: Dusky brown to dark yellowish brown, olive black. Firm to moderately hard, subblocky to blocky, laminated. Grading to COAL in places.

SILTSTONE interbedded with SANDSTONE

SILTSTONE: Brownish grey to olive grey. Soft to firm, occasionally hard and pyritic, amorphous to blocky, rare coal fragments, trace to abundant glauconite, trace disseminated pyrite, trace pyrite nodules, trace carbonaceous material, trace carbonaceous laminations. Grading to CARBONACEOUS SILTSTONE in places.

SANDSTONE: Light olive grey to light grey, clear to translucent quartz grains. Loose, very fine to medium  grained, angular to subrounded, subelongated to subspherical, poorly to well sorted, trace to rare disseminated pyrite, trace pyrite cement, , trace fine pyrite aggregates, trace nodular pyrite, trace metallic green micromicaceous flakes, trace black carbonaceous material, trace glauconite, trace dolomite, trace Foraminifera, fair inferred porosity.

SILTSTONE interbedded with SANDSTONE and minor COAL

SILTSTONE: Light grey, light brownish grey, light olive grey, olive grey, dark greenish grey, pale yellowish  brown, dark yellowish brown. Very soft to firm, sticky in places, subblocky to blocky, trace to common carbonaceous specks, trace carbonaceous laminations. Grading to CARBONACEOUS SILTSTONE in places and ARGILLACEOUS SANDSTONE in places.

SANDSTONE: Clear to translucent, occasionally medium light grey, pale blue green, light red, opaque, frosted and milky quartz grains. Predominantly loose, fine to very coarse grained, subangular to subrounded, subspherical, poorly to moderately sorted, trace to common pyrite cement, trace siliceous cement, trace nodular pyrite, trace micromicaceous and mica flakes, poor to fair inferred porosity.

COAL: Greyish black to black, brownish black. Bituminous to subbituminous, fissile to conchoidal, brittle in places, vitreous to subvitreous. Grading to CARBONACEOUS SILTSTONE in places.

Golden Beach Sub-Group - Top Volcanics to NS_SB20; 2596 to 2790m
VOLCANICS

BASALT: Black, dark brown black, greenish black, firm to hard, mafic, abundant anhedral pyroxene, common olivine and biotite, feldspar, minor quartz, mottled texture, glassy groundmass, rare quartz or minor carbonate minerals filled amygdales.

TUFF: Red to brown. Soft argillaceous microlaminated remnant pyroxenes in microcrystalline glassy/ash groundmass, common biotite, occasional emerald green serpentine phenocrysts.

ALTERED VOLCANICS: Greenish brown, light grey, greyish red, pale reddish brown, mottled texture, some relict crystalline texture, predominantly weathered feldspars, white to pale green clays (chlorite, kaolinite, serpentine), soft to very soft.

SANDSTONE with minor SILTSTONE

SILTSTONE: Yellowish brown, pale yellowish brown, very light grey, very pale or pale yellowish brown,  very soft to soft, subblocky, occasionally amorphous, minor carbonaceous specks, minor carbonaceous laminations, trace rounded silica concretions, argillaceous in places. Grading to CLAYSTONE in places.

SANDSTONE: Clear to translucent quartz grains, fine to medium, predominantly medium, minor fine  grains, trace coarse, subangular to subrounded, subspherical, moderately sorted, predominantly loose, occasionally hard, , trace friable aggregates with trace weak argillaceous cement, rare pyrite cement, trace siliceous cement, trace calcite cement, trace coal fragments.

VOLCANICS

BASALT: Black, dark brownish black, greenish black, brownish grey, red brown, firm to hard, mafic, trace anhedral pyroxene, trace olivine and biotite, trace feldspar, trace quartz, trace secondary calcite and quartz veins.

ALTERED VOLCANICS: pale olive to greyish olive, light greenish grey to greenish grey, white to very light grey, very soft to soft, trace rounded silica concretions, trace remnant crystal structure.

Golden Beach Sub-Group - NS_SB20 to NS_SB10 ; 2790 to 3029m 

SANDSTONE interbedded with SILTSTONE

SILTSTONE: Dark yellowish brown, dusky yellowish brown, olive grey, brownish grey, light brownish grey, soft, firm in places, subblocky to blocky, amorphous in places trace carbonaceous specks, trace carbonaceous laminations, trace coal fragments. Grading to CARBONACEOUS SILTSTONE in places.

SANDSTONE: White to light brown. Translucent, clear, opaque quartz grains, predominantly loose and clean, fine to coarse, occasionally very coarse, subangular, locally subrounded, subspherical, fine to medium aggregates with white argillaceous matrix, abundant argillaceous matrix, trace weak silica cement, trace pyrite cement and pyrite nodules, trace hard calcite cemented aggregates. 

SANDSTONE interbedded with SILTSTONE and minor COAL

SILTSTONE: Dusky yellowish brown, light greenish grey, light brownish grey, soft to firm, subblocky to blocky, trace carbonaceous specks, trace chalcedony.

SANDSTONE: Translucent to clear, white, trace milky quartz grains, loose, occasional aggregates, fine to medium, occasionally coarse to very coarse, subangular to subrounded, trace to 5% yellowish brown very hard DOLOMITE with trace pyrite, trace fractured grains, locally trace pyrite cement and nodules, trace fine to medium aggregates with white to pale pinkish grey argillaceous matrix, trace argillaceous matrix, trace moderately hard silica cement, trace mica flakes. 

COAL: Greyish black to black, brownish black. Bituminous to subbituminous, fissile to conchoidal, brittle in places, vitreous to subvitreous. Grading to CARBONACEOUS SILTSTONE in places.

SILTSTONE

SILTSTONE: Light brownish grey to brownish grey, light greenish grey, dusky yellowish brown, soft to firm, subblocky to blocky, dispersive in places, trace carbonaceous specks, trace carbonaceous specks, trace carbonate laminations, trace pyrite.

Golden Beach Sub-Group - NS_SB10 to TD ; 3029-3100m 
SANDSTONE interbedded with SILTSTONE and minor COAL and

VOLCANICS

SILTSTONE: Dusky yellowish brown, greenish black, brownish black, brownish grey. Soft, occassionally firm, subblocky to blocky, argillaceous in places, trace carbonaceous specks and laminations. Brownish black. Firm to hard, predominantly argilaceous, arenaceous in places, trace mica, trace pyrite.

SANDSTONE: Translucent to clear, occasional opaque quartz grains, loose, fine to coarse, subangular to subrounded, minor to abundant white argillaceous matrix, trace argillaceous cement, trace fractured grains, trace pyrite, trace chlorite, trace coal framents, trace flouresence. Off white to light brown, fine to medium aggregates with abundant kaolin matrix, trace weak argillaceous to silica cement, trace weak dolomite cement, trace mica flakes.

COAL: Black to brownish black. Bituminous to sub-bituminous, dull, soft to firm, sub-blocky, irregular fracture.

The overburden stratigraphy is constrained by East Pilchard-1 for the Gippsland Limestone to the Golden Beach Sub-Group.  The stratigraphy below NS_SB20 is constrained by Kipper-2 and Manta-1.
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1. Note the quoted volumes have not been discounted with respect to CO2


2Bayes’ rule is a mathematical approach for updating our perceptions of a state of nature when provided with additional information.





3 Shell proprietary software





