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(i)

GEOLOGICAL DISCUSSION

INTRODUCTION

Exploration well Ayu-1 is located in Permit VIC/P20 in the Gippsland Basin
offshore Victoria, south-eastern Australia. This is the third well of a
four well drilling commitment in the Permit to be fulfilled before 23 July

1990. The Joint Venture partners for the operation are:

Petrofina Exploration Australia S.A. 30% (Operator)
Japex Gippsland Limited 30%
Overseas Petroleum and Investment Corporation  30%

Bridge 0il Limited 10%

The objective of Ayu-1 was to evaluate the hydrocarbon potential of
Palaeocene sandstones in a combination stratigraphic and structural trap.
Ayu-1 was spudded on 30 January 1990 using the semi-submersible rig Zapata
Arctic. It reached a total depth of 2750m (drillers) on 13 February 1990.
No hydrocarbon zones were encountered in the target reservoirs and Ayu-1

was plugged and abandoned on 19 February 1990 as a dry well.



(iii)

‘ 2. STRATIGRAPHY

Formations and seismic horizons intersected during the drilling of Ayu-1

are detailed in Table 1 and Appendix 1.

Ayu-1 penetrated 2378m of limestone, marls, calcareous claystones and
siltstones of the Pliocene to Oligocene Seaspray Group which directly
overlies the Latrobe Group. The base of this group has been dated by

micropalaeontology to be of Late Oligocene age (Appendix 7).

The Top Latrobe unconformity was intersected at 2490m. A total of 260m of
the Latrobe Group was drilled to TD at 2750m. The youngest Latrobe Group
sediments are indicated by palynology (Appendix 4) to belong to the Lower
L.balmei biostratigraphic zone (Palaeocene) which persists to 2705m, below

which the Upper T.longus zone is present down to TD.

Palynological and micropalaeontological data indicate that the Gurnard
Formation, originally predicted between 2468m and 2473m, is absent at
Ayu-1, pinching out further to the east of the wellsite than originally
predicted. The Palaeocene section of the Latrobe Group (L.balmei) is
characterized by a basal pro-delta shale overlain by three upward
coarsening regressive sandstone units with excellent reservoir
characteristics. These units are interpreted as having developed within a
prograding deltaic and beach environment with the lowest cycle being the

most distal (Appendix 3).

‘ The 45m thick Maastrichtian (upper T.longus) interval drilled at Ayu-1
(2705.5-2750m [TD]) consists of non-marine to marginally marine

siltstones, sandstones and coals.



(iv)

. 3. VELOCITY MODEL AND DEPTH CONVERSION

As part of a regional mapping programme for VIC/P20, the key horizons were
tied to all wells in the permit, and interactively interpreted using a
LANDMARK Workstation. Following interpretation of the Ayu Prospect area,
the horizon and fault data for the following levels were exported to a
MicroVAX system for gridding, depth conversion and contouring with the

ZYCOR mapping package:

Base Lakes Entrance Formation
Top Palaeocene Unit I (Intra Palaeocene)

Near Top Maastrichtian Sequence Boundary

. Depth conversion of these data specifically addressed the interval
velocity heterogeneities associated with channel units within the basal
Gippsland Limestone sequence. The sensitivity of the Ayu closure to
velocities was evaluated by using functions of the form
/\t(/\z) = atb(/\z) regressed from the T-Z data of VIC/P20 and available
nearby wells, and by applying the SIVA technique to the CDP gathers of

GF88 survey 2-D lines over the Ayu Prospect.

After comparison of these methods, the well-based technique was used to
prepare the maps for the well proposal, and the SIVA results were used to

support the choice of drilling location.



4.

(v)

STRUCTURE

Ayu-1 was drilled to test the hydrocarbon potential of a combination
stratigraphic (subcrop) and structural closure within the Palaeocene unit
updip from Hermes-1. The trap model envisaged an intra-Palaeocene marine
shale subcropping the Top Latrobe unconformity as forming the western
flank of the closure, with seal on the eastern flank afforded by a thinly
developed Gurnard Formation directly above the Latrobe unconformity on the

eastern flank of the structure (Figs. 1 and 3).

The well was prognosed 132m downdip to the east of well Kingfish-6
(eastern limit of Kingfish Field) and 47m updip of Hermes-1 which was
considered to have tested the very eastern limit of the Ayu closure
(Fig. 3). Vertical closure was a probable 52m with a maximum potential

closure of 66m.

RESERVOIR

Upward coarsening shallow marine sandstones with excellent reservoir
characteristics were prognosed within the Palaeocene interval. Up to 200m
of gross sandstone reservoirs were envisaged by the model, with a net to

gross ratio of 100% over the reservoir section in closure.

The seal model at Ayu-1 called for intra-Palaeocene offshore marine shales
identified in the Kingfish Field and Roundhead-1 to seal the western flank
of the structure; while very argillaceous glauconitic siltstones of the

Gurnard Formation were expected to seal the eastern flank.



7.

(vi)

HYDROCARBON CHARGE

The Ayu structure was expected to share the same oil-source kitchen as the

nearby Kingfish Field.

WELL RESULTS

Ayu-1 well results encountered the excellent Palaeocene sandstone
reservoirs below the Top Latrobe as prognosed, but showed no indications
of hydrocarbons (no mud gas and no fluorescence or cut). Subsequent log

evaluation confirmed that these sandstones were water wet.

The VSP run in Ayu-1 confirmed that time picks for all prognosed horizons
were correct. Depths prognosed for Top Lakes Entrance Formation, Base
Lakes Entrance Formation and Near Top Maastrichtian were respectively 4.5m
deeper (-0.3%), 22m higher (+0.9%) and 27m higher (+1.0%) than determined

from electric logs following drilling.

The 27m discrepancy at the Top Maastrichtian stems more from a revision of
the horizon in Hermes-1 than from a depth conversion error. The Top
Latrobe, equivalent to the Top Palaeocene (Primary Objective), was found
17m deeper than prognosed, showing the crest of the Ayu structure to lie

only 30m higher than at Hermes-1.

Indications therefore are that the velocities modelled by the well
functions correctly compensated for the known velocity anomalies within

the Gippsland Limestone.



(vii)

A drilling Tocation was selected on the crest of the closure in order to
minimise any structural risk arising from inaccuracies in depth
conversion. Accordingly, the well was located to the east of the mapped
subcrop limit of the basal Palaeocene shale unit and did not therefore
confirm the presence of a seal on the western flank of the closure

(Fig. 3). The 10m of Gurnard Formation prognosed to seal the eastern
flank of the structure was not found at the well. Instead, glauconitic
sandy to silty claystones at the base of the Lakes Entrance Formation

directly overlie the Palaeocene Sandstones.

Having intersected the entire Palaeocene interval, the well reached TD in
a non-marine sequence of the Upper Maastrichtian where no hydrocarbon

shows were recorded. Ayu-1 was then plugged and abandoned as a dry well.

SUMMARY AND CONCLUSIONS

(a) The VSP resuits of the well indicate the velocity and depth
conversion model to be valid, confirming the presence of the Ayu
closure. The reduction in structural relief by 17m greatly reduces

the size of the closure as originally estimated.

(b) Palynological age dating (Appendix 4) confirms that the entire
Palaeocene section was tested by Ayu-1, and that the well reached
TD in the Upper T.longus biostratigraphic zone of the Upper

Maastrichtian.



(c)

(viii)

Possible reasons for lack of any hydrocarbons within the Palaeocene

sandstones are (see Fig. 2):

(1) Lack of lateral seal integrity in the intra-Palaeocene

shales on the western flank of the structure.

(i) Channelling at the crest of the structure during Top
Latrobe times, affecting seal integrity along the subcrop

trace.

(iii) Poor seal capability of the sandy glauconitic shales at the
base of the Lakes Entrance Formation, which blanket the

eastern flank of the structure.

(iv) Lack of hydrocarbon charging of the structure.

Seismic evidence indicates that possibilities (i) and/or (ii),

relating to seal integrity, provide the most likely explanation for

the lack of hydrocarbons at Ayu-1.



WELL DATA SUMMARY: AYU-1

Well: Ayu-1

Permit: VIC/P20, Gippsland Basin, Australia
Operator: Petrofina Exploration Australia S.A.
Partners: Japex Gippsland Limited

Overseas Petroleum and Investment Corporation
Bridge 0i1 Limited

Latitude: 38°36'35.02" S
Longitude: 148°17'02.66" E
UTM: X = 611,800.7 E
Y = 5,725,734.3 N
KBE: 28m
WD: 84m
Type of Rig: Semi-Submersible
Name: Zapata Arctic
Contractor: Zapata Offshore Company
Objectives: Upward coarsening upper shoreface Palaeocene
Sandstones.
Spud Date: 30 January 1990
Date Reached TD: 13 February 1990

Date Plugged and Abandoned: 19 February 1990

Drilled Depth: 2750m (drillers)
2740.5m (loggers)

Well Status: Plugged and abandoned. Dry well.



TABLE 1

Formation and Seismic Tops, Ayu-1

T T T T 1
I | | I |
| Horizon | Depth (RKB)m | Depth (SS)m | TWT sec |
I | l | |
I I I I |
f T | 1 |
I | | | |
| Sea Floor/ | | | |
| Gippsland Limestone | | I |
I I I I |
I | | | I
| Lakes Entrance Fm | 1740 | (-1712) | 1.221 |
I | | | I
l | | | | |
| Intra Lakes Entrance | 2140 | (-2112) | 1.482 |
l I | | |
l l | | |
| Palaeocene/Latrobe | 2490 | (-2462) | 1.714 |
I I | | |
l | | | I
| Maastrichtian/UK5 | 2705.5 | (-2677.5) | 1.830 |
| I I l |
l | I l |
| Total Depth | 2750 | (-2722) | 2.064 |
I | | | l
L 1 I I |
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Kk kkkkhhkh kA A ARk A ARk Rk hk kAR AR Rk kR Rk kkkhkkh ke hkdhhhkhhkhhkhk*
LISTING OF ENVIRON PARAMETERS

ZONE PALEO WELL AYU-1

‘.*************'k**********************************************

(METRES) TOP OF INTERVAL
(METRES) BOTTOM OF INTERVAL

TOP 2490.0000
BASE 2635.0000

LA SRR R AR RS SRR SRS RS R Ry Y Y Y Y R R R R )

khkkhkhkkkkkkkkkkkhkkkk* FLUID VALUES ook g e ok ok ok ok K ok ok ok ok ok o ok ok ok ok
R Y e o ImnImIImImMm T

RHOFR 1.00 (KG/M3 OR GR/CC)RECORDED FLUID DENSITY
SALFM 40000. (PPM) FORMATION SALINITY (NACL)
SALMD 22000. (PPM) MUD SALINITY (NACL)
RMM 0.2500 (OHM-M) RM

IF USING AN OIL BASED MUD SET TO > 100
RMMT 88. ( F ) MEASURED TEMPERATURE FOR RM
RMFM 0.2220 (OHM-M) RMF
RMFMT 75. ( F ) MEASURED TEMPERATURE FOR RMF
RMCM 0.3080 (OHM-M) RMC
RMCHMT 70. ( F ) MEASURED TEMPERATURE FOR RMC

%k ok ok ek sk ke ok ok ok ok ok ke ke ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok o ok ke ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok

khkkhkhkhkhkkkhkkkkkk

HOLE AND MUD VALUES

khhkkhkhkhkhhhkkkkk

% sk ok ok ke e sk ok ok ok ok ok e ok ok o ok sk ok ok ok ok ok ok ke ok ok ok ok ok R ok sk ok ke ok ok ok o ok ok ok ok ok e ok ok K ok ok ok ok Kk ek

W 9.35 (LBS/GAL) MUD WT
ENTER O MW FOR AIR FILLED HOLE
sz 12.250 (INCHES) BIT SIZE
ANST 50.0 © ( 'F ) ANNUAL MEAN SURFACE TEMP
BHT 194.0 ( F ) BOTTOM HOLE TEMPERATURE
TD 2740. (METRES) TOTAL DEPTH OF BOREHOLE
RSTAND  1.500 ( INCHES ) STANDOFF SETTING ON INDUCTION

***************************************************************

khkhkkkkkkhkhhkkhkkkhkhri

LIMITING VALUES hkhkkhkhkkhkhkhkdhkhhkhkhkhkkkhkk

***************************************************************

RHOMIN 1.25 (KG/M3 OR GR/CC) MIN. VALID BULK DENSITY
DLTMIN 40. (USEC/M OR USEC/FT) MIN. VALID SONIC ITT
DLTMAX 190. (USEC/M OR USEC/FT) MAX. VALID SONIC ITT
PHNMAX 70. (PERCENT) MAXIMUM VALID NEUTRON POROSITY
RUGMAX 6.00 (INCHES) MAX. RUGOSITY TO ACCEPT NEUTRON
STOMAX 3.00 (INCHES) MAX. NEUT. STANDOFF
STOMIN 0.00 (INCHES) MIN. NEUT. STANDOFF TO CORRECT
(SET TO STOMAX TO BYPASS STANDOFF LOGIC)
DROLIM 0.20 (KG/M3 OR GR/CC) MAXIMUM DENSITY CORRECTON

TO ACCEPT (+ OR -)



222222222228 R XXX 222 X2 2 2 2 2 2 2 2 s 2 2 s d R 2 s A X AR SRR 22

kkkkkkk*  SWITCHES AND TOOL DESCRIPTIONS koo ko kk ok ek
R R R R R AR R R R R R R R 2R R R XX E 2 X222 22322222 2222222 22222 2 2 S &2 2

@ 1 GAMMA RAY CENTERING
0 = CENTERED
1 = NOT CENTERED
MOPOFF 0 MOVEABLE OIL PLOT SWITCH
0 = COMPUTE RXO CURVE
1 = DO NOT COMPUTE RXO CURVE

RXLOG 1 SELECT RESISTIVITY FOR LITH DETERMINATION

0 = USE RT AT 75 DEGREES F

l = USE RXO AT 75 DEGREES F
AUTOCA 1 NEUTRON AUTOMATIC CALIPER COMPENSATION:

0 = NOT COMPENSATED

1 = COMPENSATED .

NSCALE 100 SET TO 100 IF THE NEUTRON IS FRACTIONAL
KSCALE 100 SET TO 100 IF THE K LOG IS FRACTIONAL
TMUD 1 TYPE OF MUD SYSTEM (0=NATURAL & l1=BARITE

I R R 2 e I sy
LISTING OF CALC PARAMETERS

ZONE PALEO WELL AYU-1

122222222222 2222222 2 22 R X AR R R A R 2 t 2 2 st a2 X Rt R 2R 2 s d R 8 ¥ 2 2

TOP 2490.0000 (METRES) TOP OF INTERVAL
BASE 2635.0000 (METRES) BOTTOM OF INTERVAL
.c************************************************************
hhkhhhkhhhkhkhhhkhhkkhhhk - MATRIX VALUES ok Kk Kk gk g ke ok ok ok ok ok ke ok ke ok ok
AEAEAEK A KR A AR A AR A AARA KRR A AARARAA KRR AKRARKRARRARA R AR A AR A A AR AR Ak kkhkkkkkk
GRMA 49. (API) GAMMA RAY MATRIX
SPMA -40. (MV) SP MATRIX (MV)
ATTMA 150. (DB/M) ATTENUATIONOF THE MATRIX(DB/M)
DLTSS 56.00 (USEC/FT) DELTA T SANDSTONE
DLTLS 56.00 (USEC/FT) DELTA T LIMESTONE
DLTDOL  43.96 (USEC/FT) DELTA T DOLOMITE
DLTANH 50.00 (USEC/FT) DELTA T ANHYDRITE
RHOSS 2.65 (KG/M3 OR GR/CC) MATRIX DENS OF SANDSTONE
RHOLS 2.71 (KG/M3 OR GR/CC) MATRIX DENS OF LIMESTONE
RHODOL 2.87 (KG/M3 OR GR/CC) MATRIX DENS OF DOLOMITE
RHOANH 2.98 (KG/M3 OR GR/CC) MATRIX DENS OF ANHYDRITE
TPLSS 7.20 (NSEC/M) TPL OF SANDSTONE
TPLLS 9.10 (NSEC/M) TPL OF LIMESTONE
TPLDOL 8.70 (NSEC/M) TPL OF DOLOMITE
TPLANH 8.40 (NSEC/M) TPL OF ANHYDRITE
VALUES FOR SOLO TOOLS

RHOMAB 2.65 (KG/CM OR GR/CC) MATRIX DENSITY
DLTMAB 56. (USEC/FT) TRANSIT TIME MATRIX

\MAB 8.50 (NSEC/M) TPL MATRIX
NEUMAB 0 NEUTRON MATRIX 0=LS 1=SS 2=DOL

)



VALUES FOR COAL DETECTION

GRCOAL 180. (API) MAXIMUM GR IN COAL.

TCOL 86. (USEC/M OR USEC/FT) MINIMUM SONIC IN COAL.
DAL 8.00 (PPM) MINIMUM URANIUM IN COAL.

RHOCOL 2.30 (KG/M3 OR GR/CC) MAXIMUM DENSITY OF COAL.

PNCOL 27. (PERCENT) MINIMUM LS. NEUTRON POR. IN COAL

PECOL 3.00 (BARNS/ELEC.) MAXIMUM PEF IN COAL.

COALCK 6 NUMBER OF POSITIVE COAL CHECKS NEEDED TO

IDENTIFY COAL (COAL=1l).

% %k e gk ok ok ke ok ko ok ok ok ak ok ok ok dk ok ke ok vk ok vk ok ok ok ok ok ok dk ok ok v ok e gk Y e ok ok ok ke ke ok ok e ok ok e ok ke ok ke ke ke ok ok

khkhkhkhkhhkkhkhkhkhkhhhhkhkk

FLUID VALUES hhkhkhkhkhkhkhhhkhkhhkhkhkhkhkkkkk

XSS RS R R R R R R R R R R R R ERRRRRERER SRS Y R R R ]

RHOF 1.00 (KG/M3 OR GR/CC) FLUID DENSITY’

DLTF 189. (USEC/FT) TRANSIT TIME OF FLUID

RHOH 0.60 (KG/M3 OR GR/CC) HYDROCARBON DENSITY

ANEUT 1.00 NEUTRON GAS FACTOR(USUAL RANGE 1 TO 1.4)
1=HIGH DENSITY AND 1.5 LOW DENSITY

RHOMF 1.00 (KG/M3 OR GR/CC) MUD FILTRATE DENSITY

TPLH 5.00 (NSEC/M) HYDROCARBON TPL

SALMD 22000. (PPM) MUD SALINITY

RWM 0.075 (OHM-M) RW AT MEASURED TEMPERATURE

RWMT 194. ( F ) TEMPERATURE OF RW MEASUREMENT

RWBM 0.08 (OHM-M) BOUND WATER RESISTIVITY

RWBMT 194. ( F ) TEMPERATURE OF RWB MEASUREMENT

LR AR RS SRR R AR SRR AR TSR TR T R R R R R Y T R R R TR R R RN R RUSORra

khkkkkkhkkkkkkkkkk

SHALE AND CLAY VALUES

Sk ko ok ko ek ok ok kok Kk

7 AR E R RS R RS EE SR R R Y Y R R R R R I

5 H 135. (API) GAMMA RAY VALUE IN SHALE

SPSH =45, -(MV) SP VALUE IN SHALE

ATTSH 600. (DB/M) EPT ATTENUATION IN SHALE

RHOSH 2.46 (KG/M3 OR GR/CC) MATRIX DENSITY OF SHALE
PEFSH 2.90 (BARNS/ELECTRON) PEF IN SHALE

TPLSH 9.00 (NSEC/M) TPL IN SHALE

PHINSH 27. (PERCENT) NEUTRON LOG POROSITY OF SHALE

DLTSH 79. (USEC/FT) TRANSIT TIME OF SHALE

RSH 8.00 (OHM-M) RESISTIVITY OF SHALE

PHIMAX 30.00 (PERCENT) MAX SHALE POROSITY IN INTERVAL

%3k ok sk ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok e ok ok ok e e ok ok ok ok ke ok ok ok ke ke ok ok ok ok ok ok R Kk K o ok ok ok Rk ko ok ok % ok ok ok

Fdokodkkok ok LOG CALCULATION CONSTANTS AND EXPONENTS Fokokok ok ok ok
% de o o vk ok e e ok ok ok ok ok ok ok o ok ok ok ok ok ok ke e e ok ok ek ok ok ok ok ok ok ok ok ok ok ok ok o ok ok ok ko o ok ok o o

A 0.62 CONSTANT IN FORMATION FACTOR EQUATION
M 2.15 CEMENTATION EXPONENT

N 2.00 SATURATION EXPONENT

Cp 1.10 COMPACTION FACTOR






