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1.

SUMMARY AND CONCLUSIONS

A total of 1500m of wireline logs over the entire Latrobe Group at

Archer-1 have been evaluated. The analysis covers the interval 2550m
(8.5m above Top Gurnard Formation) to 4050m (TD).

The conclusions are:

(1)

(i1)

(ii1)

(iv)

(v)

(vi)

Log quality is very good except over occasional small caved
sections usually associated with coals.

Abundant sandstone reservoirs occur in the PL sequence
(Palaeocene), and the UK5 and UK4 sequences (Maastrichtian;
2640-3242m), but none of these contained any hydrocarbons.

The first hydrocarbon bearing reservoirs occur at 3384m, directly
below a 42m thick shale unit, within the middle UK3 Sequence
(Campanian). Hydrocarbon indications persist down to 4050m (TD)
through seven separate hydrocarbon zones.

The seven hydrocarbon zones comprise 16 independent accumulations.
These zones and the 16 accumulations, together with their
reservoir characteristics, are listed in Table 1.

Both non-marine and marine shales act as good to excellent
permeability barriers giving them a good seal potential. However,
the lack of lateral continuity of non-marine shales as opposed to
their marine counterparts gives them a moderate to poor caprock
potential.

The lack of hydrocarbons in the UK5 and UK4 sequences may be
attributable to the lack of extensive caprocks in this non-marine
interval. Alternatively it may be due to the presence of
regionally-sealing marine shales near the top of the UK3 Sequence,
which are known to be very extensive in the VIC/P20 Permit and
could act as a regional barrier to vertical mig;étion of
hydrocarbons generated in the UK2 and UKl Sequences into the
stratigraphically shallower UK5 and UK4 Sequences. This concept



(vii)

(viii)

(ix)

AN
~

is supported by the absence of any moveable hydrocarbons above the
UK3 Marker in any of the VIC/P20 wells.

The excellent seal and caprock potential of the marine shales
within the UK3 and UK2 interval is confirmed by the entrapment of
hydrocarbons beneath marine shales less than 5m thick.

A11 reservoirs below 3384m interpreted as being water bearing on
the basis of both log evaluation and RFT results have clear
indications of irreducible hydrocarbon saturations. It has now
been shown that these reservoirs with irreducible hydrocarbon
saturations are juxtaposed to sandstones across the bounding
faults allowing hydrocarbons to leak through the faults. This
indicates that, during the growth of the Archer Structure,
hydrocarbons have passed through the entire gross reservoir column
from 3384m to 4050m (TD) and have, apparently, been retained below
the more effective caprocks.

The porosity versus depth plot for Archer-1 (Fig. 1) shows that
porosities decrease normally with depth, but that moderate
porosities of 12% to 14% can be expected in clean sandstones down
to 4000m.




INTRODUCTION

This report presents the results of a log analysis over the entire
Latrobe Group drilled at Archer-1, a 1550m thick section. The aims of
the analysis were to assess the reservoir potential of all the sandstones
within the Latrobe Group, quantify the hydrocarbons discovered in
reservoirs below 3384m and identify the main seal intervals.

Computations were performed by LOGCALC 2 software from Scientific
Software Intercomp, using environmentally corrected wireline logs. As
with previous Petrofina log evaluations on other wells of the VIC/P20
permit, a shaley sand model was used with water saturations derived from
the Indonesian equation.

Reservoir parameters were selected separately for each zone and Rw values
automatically corrected for changes in temperature with depth. Results
are presented on a zone by zone basis in Table 2. Table 3 is a summary
of the main reservoir and log analysis parameters, while Appendix 1 is a
detailed 1isting of all parameters. Enclosure 1 is a graphic output of
raw and environmenta]iy corrected logs on a 1:500 scale; while

Enclosure 2 is a display of log analysis results on a more detailed 1:200
scale. Also illustrated on Enclosure 2 are the hydrocarbon Zones 1 to 7,
their individual reservoir units and the 16 independent accumulations

(C1 to C16) identified over these seven zones.

INPUT LOGS AND LOG QUALITY

The following logs were used in the evaluation:
GR (Gamma Ray)
LLD (Deep Laterolog)
LLS (Shallow Laterolog)
MSFL (Micro-spherically focussed log)
RHOB (Bulk Density)
NPHI (Neutron Density)
CAL (Caliper)
DT (Sonic Transit Time)



4.

Hole condition as seen on the caliper log is excellent throughout, except
for the interval 2575m to 2620m in the upper-most section of the Latrobe
(Encl. 2) where some significant caving is evident. Minor cavings occur
scattered over the rest of the Latrobe but is essentially restricted to
coal beds seldom more than lm thick. Log quality is very good except of
course in the caved hole sections where both the density and neutron logs
are adversely affected. These caved intervals are flagged by the
software as bad hole sections and the affected logs are ignored in
computations. Appendix 1 gives the cutoffs used for accepting logs as
valid.

METHOD
Listed below is the methodology employed in the log evaluation.

(1) The final edit logs received from Schlumberger at the end of the
‘ well were loaded into the LOGCALC 2 database and interactively
depth matched. The GR and Sonic logs from the GR Laterolog Sonic
Run were used as reference traces. (Note that all RFT depths were
selected on the basis of this GR-Laterolog-Sonic Log.)

(ii) The GR, RHOB and NPHI iogs were then corrected for borehole
effects, and the resistivity corrected for invasion to give the
true RT. Enclosure 1 displays the raw and corrected logs for
Archer-1.

(iii) The upper section of the well, 2558.5m (Top Gurnard Formation) to
3384m, where no hydrocarbons were detected, was divided into six
separate intervals on the basis of palynological age dating and
wireline Tog breaks. The interval 3384m to 4050m (TD) which had
excellent hydrocarbon shows was divided into seven zones (Zones 1
to 7) essentially on the basis of the hydrocarbon shows.

e e em T r— g -




(iv)

Reservoir parameters were selected for each interval or zone and
by means of an iterative process modified until results became
internally consistent (good match between various porosity curves
computed from the separate logs, Sw = 100% in water bearing
sandstone, etc.) and satisfied the constraints from the wellsite
data (Vshale, mineralogy; Sw close to 100% opposite sandstones
with no hydrocarbon shows; RFT results, etc.).

PARAMETERS, CUTOFFS AND ANALYSIS OPTIONS

Key reservoir parameters used in the log analysis are Tisted in Table 2

and the full list of parameters is contained in Appendix 1.

5.1

Formation Water Resistivity (Rw)

No formation water sample was obtained in Archer-1 and Rw had to

be indirectly derived. The cleanest water bearing sandstones were

identified and Rwa was computed. This first approximation of Rw

was further refined until:

(a) the Ro and Rt curves overlaid one another in water bearing
sandstones

(b) the various porosity curves yielded acceptable values and
matched each other closely

(c) the computed Vshale was close to 0% opposite the
cleanest sandstones

(d) Sw was close to 100% in the cleanest water bearing sandstones

This\exercise was only possible in the Latrobe interval above

éa?\\qhe presence of

3384m _down to 4050m (TD)
precludes this method in that interval.~ Enclosure 1 shows the

3884m where no hydrocarbons were det
hydrocarbons in all reservoirs bel

computed Rwa curve together with the raw and corrected logs. The
Rw's determined in the water bearing reservoirs above 3384m yield
a near constant formation water salinity of 27,000 ppm NaCl
equivalent. Since there is no way of determining Rw below 3384m,
this NaCl equivalent salinity has been retained for the entire
interval 3384-4050m (TD).



5.2

5.3

The log analysis output plot (Encl. 2) shows Ro and Rt plotted in
the same track. Both curves overlie one another in water-zones,
with Rt increasing relative to Ro in hydrocarbon bearing
reservoirs.

Matrix and Reservoir Parameters

Selected matrix parameters are listed on Table 2. Variations in
the matrix reflect the variation in mineralogy within the
sandstones. Preliminary petrographic results on cuttings below
3384m show a near constant matrix mineralogy of quartz 70%,
potassium feldspars 25% to 30%, and 5% to trace mica (biotite and
minor muscovite) reflecting a typical granitic source.

Shale and coal parameters were selected separately from the logs
for each zone, while mud properties and temperatures were taken
from the Tog headers. Bottom hole temperatures used in borehole
corrections are the computed static borehole temperatures.

Table 2 includes the shale parameters used in each zone.

Analysis

A shaley sand analysis was selected because of the complete
gradation from sandstone to shale within the Latrobe Group. In
all VShale determinations both the GR and Density Neutron
cross-plots were used, with LOGCALC 2 automatically selecting the
lowest computed Vshale. Porosities were calculated using the
three standard porosity curves while the effective porosity (Phie)
was computed from the density porosity. The three computed
porosities together with Phie are displayed on the output log
(Encl. 2).

The Indonesian formula was used for Sw determination, with the

Humble parameters of: a=10.62
m=2.15
n=2.0

=



5.4 Cutoffs

Sandstones with effective porosities greater than 6% and Vshales
less than 40% were considered as gross reservoirs.

LOG_ANALYSIS RESULTS

Overall, the Latrobe Group at Archer-1 contains 531.9m of gross
sandstone, representing a gross sandstone to gross ihterya] ratio of
0.38. The average porosities range from 22.3% down to 11.7% (Table 3).
Hydrocarbon bearing reservoirs occur below 3384m and persist down to
4050m (TD). This interval has been divided into seven zones. The top
five zones are characterised by hydrocarbon bearing reservoirs at the top
and a water zone at the base (Encl. 2), while the lower two zones

(Zones 6 and 7) display hydrocarbons down to the base of reservoir, with
no hydrocarbon water-contact intersected in either zone.

6.1 Gurnard Formation (Eocene; 2558.5-2640m)

The offshore marine sediments in this interval consist entirely of
marine glauconitic siltstones with good seal potential. No
reservoirs occur in this interval.

6.2 PL Sequence (Palaeocene; 2640-2707m)

Like the Gurnard Formation, this interval consists of glauconitic
siltstones with good to moderate seal potential. Sandstones are

almost entirely absent with only 1lm of gross reservoir occurring

in the whole interval (average porosity = 22.3%).

6.3 UK5 Sequence (Maastrichtian; 2707-3016m)

The upper 61m of this interval (Upper UK5 sequence) contains 46.2m
of well developed coastal to marginally marine sandstones.
Porosities are excellent, averaging 25.0%. Below 2768m (Top UK5.1
Marker) the depositional environment changes to lower coastal
plain, resulting in an alternating sequence of point-bar
sandstones, siltstones, claystones and coal beds. The gross
reservoir thickness for this lower coastal plain sequence is



6.4

6.5

110.6m (gross reservoir to gross interval ratio of 0.45) with an
average porosity of 20.4%. For the interval as a whole there is
156.8m of gross reservoir (gross reservoir to gross interval ratio
= 0.51) with an average porosity of 21.8%. The caliper log shows
mud-cake built over most sandstones, indicating good permeability.
No hydrocarbons were detected during drilling, and the log
evaluation shows 100% water saturations in the sandstones. The
siltstone/claystone units are up to 10m thick with good vertical
seal potential but due to their lack of lateral continuity have
poor caprock potential. This lack of caprock potential in the
non-marine sequence is a characteristic feature of the Permit and
has been highlighted previously in all other wells drilled on the
Permit.

Upper UK4 Sequence [Lower Maastrichtian (Selene Sandstone
Equivalent); 3016-3094m]

The Selene Sandstone is named after the excellent massively bedded
deltaic stream mouth-bar sandstones encountered at both Angler-1
and Selene-1. At Archer-1, the equivalent unit comprises
non-marine, upward fining, point-bar sandstones, interbedded with
siltstones/claystones and minor coal stringers. Total reservoir
thickness is 26m (gross reservoir to gross interval ratio of
0.33), with an average porosity of 19.7%. No hydrocarbon shows
were recorded while drilling and the log evaluation confirms these
reservoirs as water bearing.

UK4.1 Sequence (Upper Campanian; 3094-3270m)

The Tower coastal plain deposits in this interval contain abundant
floodplain claystones and siltstones with subordinate amounts of
upward fining to blocky fluvial sandstones. Coal seams up to 3m
thick are common throughout. The total amount of sandstone
reservoir is 52.9m (gross reservoir/gross interval thickness

ratio = 0.30). Porosities are moderate to good, averaging 18.4%.
Mud gas values recorded over this interval were very low, ranging
from 0.1% to 0.3% (methane only), and were probably derived from
in-situ generation of gas by the coals and carbonaceous material
in the siltstones.



6.6

6.7

Top UK3 to Top Zone 1 (Campanian; 3270-3384m)

This marine interval contains essentially offshore to lower
shoreface siltstones and shales with minor upper shoreface
sandstones near the top of the interval. This sequence correlates
well between Angler-1 and Anemone-1,1A, especially the 40m shale
near the base of the interval which are now thought to act as a
regional seal over most of the permit. Minor hydrocarbon shows
were noted in some sandstone reservoirs above these shales at both
Angler-1 and Anemone-1,1A, but these are most probably the result
of small scale in-situ generation from coals. A1l moveable
hydrocarbons discovered in the three discovery wells, Angler-1,
Anemone-1,1A and Archer-1, occur below this level.

A total of 20.4m of reservoir sandstones is present in this
interval, with the bulk concentrated in the upper half of the
interval, giving a gross reservoir to gross interval thickness
ratio of 0.18. Average porosities are 16.5%. No hydrocarbons
were detected in these sandstones, nor indicated by the log
evaluation. A

Top Zone 1 to Base UK3 (Campanian; 3384-3651.4m)

This interval comprises abundant sandstone reservoirs deposited in
upper to Tower shoreface shallow marine environments, with
interbeds of 6m to 1m of offshore marine shales deposited below
wavebase. The gross sandstone reservoir thickness is 164.1m,
equivalent to a gross reservoir to gross interval ratio of 0.61.
Porosities vary but are generally good for reservoirs at that
depth, averaging 14.6% for the whole interval, but with better
porosities (1% to 2% higher than the average) preserved in
hydrocarbon bearing reservoirs.

On the basis of the wireline logs, this interval can be divided
into four independent hydrocarbon zones (Zones 1 to 4; Table 2 and
Encl. 2), each with its own water leg. Reservoir properties for
each zone are listed on Table 3. RFT measurements confirm this
interpretation and indicate four hydrocarbon-water contacts at
3419m, 3501m, 3523m and 3602m respectively for Zones 1 to 4



(Encl. 2). The top of the interval (3384m) is also the top of the
first reservoir where significant hydrocarbon shows were noted at
Archer-1 and coincides with the base of the 40m thick marine shale
described earlier. These hydrocarbon shows were in the form of -

' high gas values (0.1% to 2.1% total gas) which included

substantial amounts of heavier hydrocarbons (ethane to butane*)
were recorded. The average dryness index (ethane/total gas)
varied from 78% to 97%. Fluorescence and cut in the sandstone
cuttings varied widely between the reservoirs, ranging from no cut
and fluorescence in most of the reservoirs, to moderate
dull-bright yellow fluorescence and rare to very slow yellow to
white cut, or a residual fluorescing ring.

~

As evident from both the hydrocarbon shows recorded while drilling
and the log evaluation, the water zones display irreducible
hydrocarbon saturations, indicating that hydrocarbon has migrated
into all the reservoirs at some time but has been retained only
under the most effective caprocks.

Five segregated RFT samples were collected over this interval
(Table 4), two from Zone 1 and one each from the other zones. PVT
analyses on these samples showed oil as the hydrocarbon type, and
this is confirmed by density-neutron cross-plots over the four
zones which show no gas effect (Figs. 2, 3 and 4).

The offshore marine shales have excellent seal potential as
illustrated by the 2m thick shale sealing Zone 3 (3509.5m,

Encl. 2). This highlights the fact that shales need not be thick
but only laterally extensive, such as is the case with marine or
delta front shales, to be an effective caprock.

[heaviest hydrocarbon detectable by FID at the wellsite]



6.8

Top UK2 to Top Campanian 1 Sandstone (3651.4-3815.5m)

This interval covers hydrocarbon Zone 5 (3655.5m to 3836.4m) and
contains a lower coastal plain sequence of interbedded sandstones
and siltstones/shales, the latter becoming predominant with depth.
Minor coal beds are also present near the base. The interval as a
whole is relatively poor in sandstone reservoirs, with 65m of
gross reservoir (gross reservoir to gross interval thickness ratio
of 0.40). The best and most massive reservoirs occur in the top
55m of this interval (Encl. 1) and comprise a total of 30m, with
the balance of the reservoirs occurring below 3740m, as thinly
bedded sandstones. As shown on Enclosure 2, the various
hydrocarbon bearing reservoirs in Zone 5 belong to six independent
accumulations each with its own hydrocarbon-water contact (C5 to
C10; Encl. 2), and here illustrates that non-marine shales have a
good seal potential even when only 2m thick. However, the average
water saturations in the six accumulations in Zone 5 are
relatively high (50% to 73%; Table 1), and are certainly higher
than those recorded in the zones capped by marine shales,
indicating that non-marine shales, at least in this part of the
permit, are possibly less effective as permeability barriers than
their marine counterpart. Also of note is that three of the six
accumulations in Zone 5 have hydrocarbon water contacts higher
than the 4-way dip closure, suggesting that these non-marine
shales have a limited lateral extent.

As for the overlying Zones 1 to 4, all reservoirs in the water
zones clearly show irreducible hydrocarbon saturations (Encl. 2),
which is confirmed by the good gas shows (ethane to propane) noted
during drilling those sections (Total gas = 0.1% to 1.5%; dryness
index = 82% to 98%) and occasional fluorescence and cut recorded
in the sandstones cuttings from this interval.



6.9

The neutron-density cross plot in the sandstone‘gver this zone
shows no apparent gas effect. However the PVT results from a
segregated RFT sample at 368lm show the hydrocarbon type at this
level to be an extremely rich gas condensate (Table 4).
Notwithstanding the contradiction between the cross plot and the
PVT results, it has been assumed for purposes of reserves
calculations that gas is the hydrocarbon type reservoired in this

interval. :&5
Y

Intra-UK2 Sequence (Top Campanian 1 Sandstone to Top Campanian 2
Sandstone; 3815.5-3933m)

The upper 74.5m of this interval (3815.5-3990m) consist of shallow
marine (upper to lower shoreface) sandstones, interbedded with
siltstones/shales, and correlate exactly with the Campanian 1
Sandstones discovered at Anemone-1/1A, where these were found to
contain irreducible hydrocarbon saturations. The 43m (3890-3933m)
of this interval consists of massive marine shales with excellent
sealing potential and correlates to 59m (4140-4199m) of equivalent
shales at Anemone-1,1A. As at Anemone-1,1A, this massive shale
acts as a seal for the underlying Campanian 2 Sandstones which at
Anemone-1,1A were found to be hydrocarbon bearing

(gas-condensate).

The Campanian 1 Sandstones as a whole reflect an upward coarsening
sedimentary cycle with the best quality sandstones concentrated in
the upper part of the interval. Total reservoir thickness is 21lm
(gross reservoir/gross interval ratio = 0.28). Porosities are
moderate, averaging 11.7%. A1l the sandstones which are grouped
into Zone 6 show medium to high hydrocarbon saturations which
correlate with excellent gas shows of 4% to 10% total gas with a
dryness index of 78% to 94%. As for Zone 5, the reservoirs can be
further subdivided into four independent accumulations on the
basis of RFT results (C11, Cl12, C13 and Cl4; Encl. 2) with the
hydrocarbon water contact for each accumulation determined from
extrapolation of RFT pressure gradients. (No HWC was intersected
in this interval.) The neutron-density cross plot over the
sandstones of this zone shows a clear gas effect (Fig. 6). No RFT
samples were collected in Zone 6 to confirm the hydrocarbon type
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6.10

but in view of the evidence from the cross plot and the presence

of gas in Zone 5 it can be assumed that gas is the hydrocarbon
type present in these reservoirs. '

Top Campanian 2 Sandstone to Total Depth (Campanian; 3933-4050m)

The Campanian 2 Sandstones, based on the correlation with
Anemone-1,1A, occur only in the upper section of this interval
from 3933m to 3992m. The lower shoreface marine sandstones which
make up the Campanian 2 Sandstones are included in Zone 7, and
have a gross thickness of 19.5m, giving a gross reservoir to gross
interval thickness ratio of 0.33 for these sandstones. The
average porosity is a moderate 13.5%. Average water saturation is
35%, which correlates with high mud gas values of 7% to 11% total
gas (dryness index = 86% to 100%). Moderate pale yellow
fluorescence and minor white cut was also noted in the better
quality sandstones. Hydrocarbon type based on both
neutron-density cross plot (Fig. 7) and PVT analysis on the
segregated RFT sample at 3947.5m (Table 4) clearly show gas as the
hydrocarbon type. The top seal for the Campanian 2 Sandstones is
the massive marine shale (43m) at the base of the previous
sequence discussed earlier.

As for the overlying Zones 5 and 6, the Campanian 2 Sandstones
represent two separate accumulations (C15 and C16, Encl. 1) each
with its own gas-water contact (extrapolated from RFT pressure
gradient trends) and are by far the thickest hydrocarbon columns
found in any wells in VIC/P20 (101.5m for C15band\105.0m for C16).
This stems from the fact that these two reservoirs contain the
only fault-sealed accumulations in the Archer Structure, both
accumulations being down-faulted against the very thick marine
shales sequence (236m at Anemone-1,1A) which occurs below the
Campanian 2 Sandstones.






