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INTRODUCTION:

THE YEARS EXPLORATION INITIATIVES HAVE PAID OFF WITH

THE BEGINNING OF THE LONG AWAITED AGSO PROJECT PLUS

THE BRUNY ISLAND STRATIGRAPHIC HOLE IN NOVEMBER

1994, AND THE RELEASE BY THE C.S.I.R.O. OF THE

RESULTS OF ITS 2 YEAR STUDY OF THE TASMINITES OIL

SHALE.

THE STRATIGRAPHIC HOLE IS BEING DRILLED AT THE TIME

OF WRITING THIS REPORT CONTINUING ON FROM THE 81

METRE 5~" PRE COLLAR HOLE WITH NQ SIZE CORING. THE

HOLE COULD NOT BE COMPLETED IN 1994 DUE TO AN

UNEXPECTED OUTBREAK OF GAS WHICH UPON TESTING PROVED

TO BE A SAFE NON-FLAl'1ABLE GAS.

THE COMPANY CANNOT UNDERSTAND, ESPECIALLY DUE TO THE

FACT THAT IT IS DRILLING THE HOLE, ITS NEED TO

JUSTIFY ANYTHING TO KEEP ITS LICENCES. THE REASON

FOR THE SCHEDULE WAS TO ENSURE THE HOLE WOULD BE

DRILLED: I SUGGEST THE PROOF IS IN THE PUDDING AND

THE DEPARTMENT HAS LOST ITS WAY IN ITS OWN

BUREAUCRATIC FOREST AND CAN'T SEE THE DRILL RIG FOR

THE PREJUDICES IT HAS. SHITTIM 1 IS A HOLE VITAL

TO THE AGSO 3 MILLION DOLLAR EXPENDITURE, AS IT WILL

SUPPLY THE ONLY DOWN HOLE SEISMIC SHOT ESSENTIAL IF

DATA COLLECTED ONSHORE IS TO BE PROCESSED.
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WORK COMPLETED

TWO PRE-COLLAR HOLES, SHITTI.iVl 1 AND GILGAL 1 HAVE BEEN

COMPLETED AND ARE REPORTED UPON IN APPENDIX 6.

CONDOR HAS CONDUCTED ITS NO~~L CHECKING OF REPORTED

SEEPAGES WITHOUT RESULT. THE C.S.I.R.O. REPORT ON

THE TASMINITES (APPENDIX 1) CLEARLY VERIFIES PREVIOUS

WORK UPON WHICH GERRY CARNE BASED HIS ASSESSMENT THAT

"THE TASMINITES OIL SHALE SHOULD BE MATURE ENOUGH TO

GENERATE LARGE VOLUMES OF HYDROCARBONS OVER MUCH OF

CENTRAL TASMANIA".

THE C.S.I.R.O. ALSO PRODUCED A REPORT (APPENDIX 2)

DETAILING GAS SAMPLES TAKEN FROM THE TWO PRE-COLLAR

HOLES, SHITTIM 1 AND GILGAL 1. AGSO ANALYSED THESE

AS WELL AS TWO OTHER SAMPLES. AGSO'S PROJECT IS

DEFINED IN APPENDIX 3.

DAVID LEAMAN PRODUCED THE PROGNOSIS FOR THE

STRATIGRAPHIC HOLE (APPENDIX 4) AND TED McNALLY

PRODUCED DRILLING SPECIFICATIONS FOR THE HOLE,

(APPENDIX 5) AS WELL AS OTHER ADVICE. AS STATED,

THE HOLES HAD THEm'~L ANOMALIES AND AS STATED IN

APPENDIX 2, SOME INDICATION OF BASS STRAIT TYPE AND

MIDDLE EAST TYPE OILS, THE SOURCE OF WHICH HAS NOT

YET BEEN DETERMINED.

TO CONTINUE THE STRATIGRAPHIC DRILL HOLE, SHITTIM 1,

TO 1000 METRES, A DRILLER SUCH AS IS STATED BY

APPENDIX 7 HAS BEEN CONTRACTED.

TRIAL HARBOUR MINING COMPANY HAS PROPOSED A 50~~

INTEREST IN THE LICENCES (FARM-IN AGREEMENT) AND A

RESPONSE FROM THE BOARD OF CONDOR OIL INVEST~ffiNTS

CAN ONLY BE INITIATED AFTER A FULL MEETING OF UNIT/
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SHAREHOLDERS; THE CURRENT HOLIDAY PERIOD SEEING THE

COMPANY ACCOUNTANT AND SOLICITOR BOTH AWAY.

TRIAL HAl,BOUR MINING COMPANY IS CONTINUING DRILLING

THE HOLE UNTIL CONDeR OIL INVESTMENTS PTY LTD CAN

FULFIL ITS STATUTORY REQUIRENENTS. AS THE MAJORITY

UNIT/SHAREHOLDER IN CONDeR OIL INVESTMENTS PTY LTD

IS ALSO THE MAJORITY SHAREHOLDER IN TRIAL HARBOUR

MINING COMPANY, IT IS ENVISAGED THERE WILL BE NO

PROBLENS.

300DOG
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300008

Abstract- This study represents the first geological and organic geochemical investigation

of samples oftasmanite oil shale representing different thermal mahlrities from three

separate locations in Tasmania, Australia. The most abundant aliphatic hydrocarbon in the

irnmahtre oil shale from Latrobe is a C 19 tricyclic alkane, whereas in the more mature

samples from Oonah and Douglas River low molecular weight n-alkanes dominate the

e;o,.1:ractable hydrocarbon distribution. The aromatic hydrocarbons are predominantly

derivatives of tricyclic compounds, with 1,2,8-trimethylphenanthrene increasing in relative

abundance 'With increasing mahtrity. Geological and geochemical evidence suggests that

the sediments \vere deposited in a marine environment of high latitude ",ith associated

cold waters and seasonal sea-ice. It is proposed that the organism contributing the bulk of

the kerogen, Tasmaniles, occupied an em-1ronmental niche similar to that of modern

sea-ice diatoms and that bloom conditions coupled 'With physical isolation from

atmospheric C07 led to the distinctive "isotopically heavy" /il3C values (-13.5 %0 to

-11. 7 %o) for the kerogen. /i l3 C-data from modem sea-ice diatoms (-7 %0) supports this

hypothesis. Isotopic analysis of n-alkanes in the bitumen (-13.5 %0 to -31 %0) suggest a

multiple source from bacteria and algae. On the other hand, the n-alkanes generated from

closed-system pyrolysis of the kerogen (-15 %o) are mainly derived from the preserved

Tasmamles biopolymer algaenan. The tricyclic compounds (mean -8 %0) both in the

bitumen and pyTolysate, have a co=on precursor. They are consistently enriched in l3C

compared ",ith the kerogen and probably have a different source from the n-alkanes. The

identification of a location wllere the maturity of the tasmanite oil shale approaches the

"oil \\illdow" raises the possibility that it may be a viable petroleum source rock.
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INTRODUCTION

The oil prospectivity of onshore Tasmania has long been problematical. Interest in the

possibility offinding oil has been stimulated by repeated reports of bitumen strandings on

western and southern beaches since the late 19th century (TWELVETREES, 1917). This

interest has continued, despite the fact that these coastal bitumens are now thought to

arise from Mesozoic or Cainozoic offshore sediments that are poody represented onshore

(VOLKMAN et al., 1992). There have been, however, numerous reports over the last

century of oil-seeps onshore (BENDALL et aI., 1991) suggesting the possibility that older

onshore rocks may also be a source ofpetroleum Central to much ofthis interest has been

the organic-rich tasmanite oil shale (subsequently referred to simply as "tasmanite" or "oil

shale") which occurs particularly in the north-west of the state (Fig. 1). JAMES et al.

(1932) reported that the oil shale was retorted to liberate hydrocarbons as early as 1910,

and this carried on until the 1930's, producing about 1.13 megalitres of shale oil.

The tasmanite occurs as a distinctive band low in the Quamby Mudstone. The

stratigraphy ofLate Palaeozoic sediments in Tasmania has been the centre of much

research interest (see CLARKE and FARMER, 1976; CLARKE, 1989) due to the

difficulty of applying the (warm water based) internationally accepted biostratigraphic

divisions to the cold water environment of Tasmania at this time. Because of this

difficulty, the more appropriate Rekunian Series has been proposed (CLARKE and

BANKS, 1975; CLARKE and FARMER, 1976) with a sub-division, the Tamarian stage,

within which is the Quamby Mudstone (Fig. 2). That part of the Quamby Mudstone

containing the oil shale has consistently yielded stage 2 microfloras (TRUSWELL, 1978)

and a Fuunal Zone 1 macrofauna (Fig. 2; CLARKE and BANKS, 1975). The age has been

given as either Early Permian (FOSTER and WATERHOUSE, 1988) or Late

Carboniferous (CLARKE, 1992) [i.e. a little older or a little younger than 290 my BP,

taken as the age of the beginning of the Permian by HARLAND et al. (1990)].

3
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The only lithological distinction between the oil shale and surrounding mudstone is

that the former contains abundant algal remains. These are dominated by the unicellular

alga Tasmanites punctatus Newton (1875) whose biological affinities have been suggested

to lie with the extant green alga Pachysphaera pelagica Ostenfeld (1899) (WALL, 1962).

Initially, the tasmanite was thought to have been deposited in an extensive lake

(MilLIGAN, 1852), but the discovery ofmarine fossils (GOULD, 1861) precluded this.

Recent work has suggested a nearshore marine origin (BANKS, 1962; CALVER et aI.,

1984) with the oil shale representing a period of algal blooms (CALVER et aI., 1984;

CLARKE, 1989). This hypothesis is further supported by comparison of the known

occurrence oftasmanite with the inferred palaeogeography of Tasmania during the early

Tamarian (BANKS and CLARKE, 1987; Fig. 3).

There has been much discussion about the correct nomenclature for the abundant

microfossils found in the tasmanite (see WALL, 1962). The term spore has been used

(SIMONEIT and BURLINGAME, 1973) while studies of some modem prasinophycean

genera (Pachysphaera, Halosphaera and Pterosperma) have shown that the asexual

reproductive cycle consists ofa phycoma (cyst) and a motile stage (PARKE and

HARTOG-ADAMS, 1965; PARKE, 1966; PARKE et aI., 1978). GUY-OHLSON (1988)

identified various developmental stages of Tasmanites in the Jurassic of Sweden and

concluded that the fossil cysts were phycomata. Recent studies (BOALCH and

GUY-OHLSON, 1992; GUY-OHLSON and BOALCH, 1992) have indicated that the

morphology of fossil Tasmanites are sufficiently close to some rarely found living

specimens ofPachysphaera that the genus Tasmanites suffices for both. TAPPAN (1980)

indicates that the term phycoma describes the non-motile stage specific to prasinophytes

and therefore, to use this description would indicate an acceptance that Tasmanites

punctatus, found in Tasmanian tasrnanite, is the equivalent of a modem prasinophyte. To

avoid any taxonomic inference, the abundant microfossils in these samples will be referred

to as Tasmanites or simply fossils. Although known to range from the Cambrian (540 Ma)

4
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to present, Tasmanites and related fonDS occur in high concentrations only in the

tasmanite deposits of Tasmania (Permian) and Alaska (Jurassic) with other less abundant

occurrences in the Sahara and Brazil (AQUINO NETO et al., 1992).

The fossils were spheroidal, but become disc shaped with sediment compaction,

ranging in size from <0.1 mm to >0.6 mm in diameter. The wall of the fossil is formed of

two to three layers, with the outer layer rarely preserved. The middle layer forms the bulk

of the wall, the inner layer being thin and fibrous (KANTSLER, 1980).

The algal origin for the tasmanite and its organic richness has led to a wide range of

geochemical studies of the kerogen. Data have been presented on carboxylic acids

(BURLINGAME et aI., 1969; SIMONEIT and BURLINGAME, 1973), and more

recently the hydrocarbon content (PHll.-P et aI., 1982; AZEVEDO et aI., 1990;

SlMONEIT et aI., 1990; AZEVEDO et aI., 1992). These studies have identified novel

aliphatic and aromatic compounds, but all have been based on samples from the one site at

Latrobe (Fig. 1), where the oil shale is relatively immature. In this paper we report a

comprehensive organic geochemical study of the tasmanite oil shale, including a

comparison ofimmature and mature samples from different locations in Tasmania.

EXPERIMENTAL

Samples

Samples were collected from rock outcrops at Oonah, Latrobe in the Mersey Valley

and from a core taken at Douglas River (Fig. I; for stratigraphy see Fig. 2). The rock

sample from Latrobe shared many of the characteristics of that from Oonah, except that it

came from a continuous 1. 8 m seam, 21.4 m above the basal conglomerate within the

Spreyton beds (Fig. 2). A spore concentrate was obtained from a sample collected at

Oonah by density separation of the fossils from the crushed rock using ferric chloride.

5



Extraction

Total solvent-extractable compounds were obtained by sonication of the crushed rock

samples (ca. 50 g) with chloroform/methanol (2: I, 3 x 50 mI). The composition of a

portion of the total extracts was detennined either by gravimetry after fractionation or by

Iatroscan thin-layer chromatography-flame ionisation detection, using hexane as the

developing solvent (VOLKMAN et aI., 1986). Saturated and aromatic hydrocarbons were

isolated by applying 30 mg of extract to a glass column containing 3 g of silicic acid

(100-200 mesh) capped with I g of activated alumina (BDH). Aliphatic hydrocarbons

were eluted with hexane (20 mI) and a second fraction containing aromatic hydrocarbons

was obtained by eluting with hexane:toluene (I: I; 20 mI). Resins and ashphaltenes were

eluted with chloroform (20 mI) and methanol (10 mI).

Analyses

Hydrocarbon fractions were analysed by capillary gas chromatography on a 50 m

non-polar methyl silicone fused silica capillary column (HP-I, 0.32 mm i.d., 0.25 /.lm film)

with on-column injection and hydrogen as the carrier gas. The tempetature program was

45°C for I minute, followed by a ramp to 120°C at 30°C min-! then a ramp to 310 °C

at 4 °C min-I The oven was then maintained isothermally for 15 min.

Biomarker information was obtained by gas chromatography-quadrupole mass

spectrometry (Hewlett Packard 5790 MSD with HP 5890 GC and 59970A computer

workstation) in selected ion monitoring (SIM) mode. Typical conditions were: electron

multiplier 2200 V, transfer lioe 310°C, electron impact energy 70 eV. GC conditions were

as above except that helium was used as carrier gas. Samples were also analysed using

metastable reaction monitoring GC-MS using a VG 70E instrument fitted with an HP

5790 GC and controlled by a VG 11-250 data system The GC was equipped with a HP

6
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Ultra-l capillary column (50 m x 0.2 mm i.d.) connected to a OCI-3 cooled on-column

injector (SGE) with a retention gap ofuncoated fused silica (0.5 m x 0.33 mm i.d.). The

oven was programmed from 50 °C to 150 °C at 10 °C min-I and then to 300 °C at 3 °C

min- I with a final hold time of 30 min. The carrier gas was hydrogen with a linear flow of

30 em s-I The mass spectrometer was operated with a source temperature of240 °C ,

ionisation energy of70 eV and interface and re-entrant at 310 0c. In full scan mode the

MS was operated from m/z 650 to m/z 50 at 1.8 s per decade and an inter-scan delay of

0.2 s. In MRM mode, the magnet current and ESA voltage were switched to sequentially

sample 26 selected parent-daughter pairs. The sampling time was 40 rns per reaction with

a 10 IDS delay giving a total cycle time of 1.3 s.

Gas chromatography-isotope ratio mass spectrometry (GC-IRMS) was carried out as

described by HAYES et al (1990) using a Finnigan-MAT 252 isotope ratio mass

spectrometer linked to a Varian 3400 GC via a cupric oxide combustion furnace operated

at 900 °C. Isotopic calibration was made using an external primary CO2 standard

introduced via a sample bellows and change-over valve and checked using deuterium

labelled n-alkanes as internal standards. The latter, in hexane, were co-injected with the

sample onto a J&W D8-5 capillary column (30 m x 0.25 mm i.d.) using a Varian SPI

injector. The oven was programmed from 50 - 300 °C at 6 °C min-I

Closed-system Pyrolysis

Kerogen was isolated from the tasmanite shale by standard acid digestion techniques,

and pyrolysed in evacuated quartz tubes for 72 hours at 300 °C, 330°C and 350 °C, in the

presence of water. Only liquid products were isolated and these were treated in the same

way as other extracts. Rock-Eval derived kinetic parameters on whole rock samples of

Latrobe tasmanite (AGSO #1995) were determined by Daniel Jarvie, Humble Instruments,

Humble, Texas.

7
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RESULTS AND DISCUSSION

Geological Setting of tbe Tasmaoite Oil Sbale

The tasmanite at Oonah consists of two seams, separated by up to 6.7 metres of

siltstone. The lower and upper seams contain two and tltree Tasmaniles-rich beds

respectively. These beds consist of a multiplicity oflenses, each up to about a millimetre

thick and a few centimetres long, separated by silt layers. The beds generally show a

gradually increasing concentration of algal remains upwards. The fossil content decreases

rapidly at the top of each bed. The oil shale contains fossils in spherical or flattened forms,

the latter being much more common. Spherical Tasmaniles are observed in fossil-poor

sediment, but are absent or rare in fossil-rich sediment (Table 1), and tend to be filled with

framboidal pyrite with or without collophane. The flattened disks are probably produced

by compaction of the spheroidal fonn. The fossils exist as thin- and thick-walled

specimens, the latter having two distinct walls (Fig. 4). The samples from Oonah contain

relatively high levels of clay and silt (quartz) grade sediments. The fossil-rich sediments

also contain a greater abundance of elongate, horizontal, silica-filled burrows (Table l).

In the sample from Latrobe, silica-filled burrows are less prevalent and smaller than in

the sediments from Oonah. The oil shale at this site exhibits large scale lensing as well as

the small scale lensing noted above. This suggests a fluctuating environment, and the oil

shale maintains a constant thickness possibly indicating an almost flat sea floor.

Within the core taken from Douglas River, two beds ofoil shale can be recognised

between 320 and 321.5 m (CALVER et aI., 1984). The lower bed exhibits a fossil

morphology very similar to that from Latrobe. The upper bed has a thin (20 cm thick)

basal conglomerate which fines upwards into the oil shale. Similar small scale structures to

those in the sample from Latrobe can be observed and the top of the shale is characterised

8
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by flame structures. The oil shale is overlain by a thin fining upwards sequence (ca. 50 cm

thick) commencing with conglomerate. Dispersed Tasmanites are observed in the silt at

the top of this sequence.

Bulk Parameters

Bulk parameters are given in Table 2. The samples from Oonah represent a span from

the upper tasmanite seam to below the lower seam

Total organic carbon (TOC) concentrations are consistently greater in the immature

sample from Latrobe and the more mature Douglas River sample than in that of

intermediate thermal maturity from Oonah (Table 2). There appears to be no direct

correlation between organic carbon content and sulphur concentration in the Oonah

sediments, except possibly in the upper seam (Fig. 5). The majority of sulphur is

framboidal (Table I) with the greatest concentration coinciding with the fossil-rich

sediments. In the sample from Latrobe, pyrite is present in lower concentrations than at

Oonah and appears to be proportional to the TOC content (Fig. 5). Despite having the

lowest maturity, the relative amount of extractable organic matter in the Latrobe material

is ca. three times that of the other samples. lbis probably reflects a generally higher fossil

concentration in these samples, with some being almost 74 % Tasmaniles.

Total extractable organic matter contained from 56% hydrocarbons in the Latrobe

sample to 95% hydrocarbons in the lower shale seam at Oonah; the remainder being

attributed to polar material (Table 2).

The high Hydrogen Index (HI) of the Latrobe, Oonah upper seam and Douglas River

samples (Table 2) classifY the kerogen as containing hydrogen-rich Type I organic matter

(TISSOT and WELTE, 1984) wherein over 70 % ofthe organic matter is convertible to

hydrocarbons. The slightly reduced HI value from the Oonah lower seam may be a result

of more oxidation/reworking consistent with the elevated Oxygen Index (01) value.

9



Hydrocarbon Distributions and Source Characteristics

The GC-FID traces (Fig. 6) of the saturated hydrocarbons from the tasrnanite extracts

show n-alkane distributions dominated by lower molecular weight components with

distributions maximising between n-C 11 and n-C 13, with little odd or even predominance

(Table 3). Samples also contained significant amounts of the acyclic isoprenoids pristane

and phytane, though in different relative proportions (Table 3). The siltstone sample has a

PrlPh ratio higher than the oil shaJes (Table 3), consistent with deposition under more oxic

conditions.

For the purposes of this study, detailed anaJyses were only conducted on three of the

samples: a thermally immature rock sample from Latrobe, the Tasmanites fossil

concentrate from Oonah and the core sample from Douglas River. All the samples contain

steranes and diasteranes as shown by the mlz 217 mass chromatograms (Fig. 7), which is

in contrast to their presence as only "trace components" in a sample from Latrobe (Fig. 1)

analysed by SIMONEIT et aJ. (1990).

The relative proportions of C27 , C28 and C29 steranes show some variation between

the samples (Table 3) with C29 dominant in the Latrobe sample, C27 in Oonah and no

preference at Douglas River. Although this may reflect subtle differences in source inputs,

maturity will also have an iirlluence. C30 24-n-propylcholestanes which are generally

accepted to be indicative of a marine source (MOLDOWAN et aJ., 1990), could not be

easily detected in the m/z 217 mass chromatogram, but were readily identified (though less

so in the Douglas River sample) using MRM together with 2a-methyl and 3~-methyl

sterane isomers (Figs. 8-10). The samples also contain relatively high proportions of

diasteranes (Fig. 7; Table 3) which were not reported in samples previously analysed

(SIMONEIT et aJ., 1990).

10
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The GC-FID chromatograms and extended m/z 191 mass chromatograms for each

sample show a high abundance of tricyclic compounds (Figs. 6 & 11) and these extend to

at least C35. In the m/z 191 chromatograms hopanes occur in trace amounts while C2l>

Cn and C24 tricyclic compounds show the greatest intensity. However, the FID

chromatogram reveals the predominant tricyclic terpane is a C I9 compound. In the C I9

pseudo homologue, the abundance ofthe mlz 191 ion is minor compared with the base

peak at rnIz 123 (AQUINO NETO et al., 1982). In the MRM reactions used to detect

hopanes (Figs. 8-10; e.g. 412 --> 191 for the C30 hopane), tricyclic telpanes appear as

non-quantitative artefacts as a consequence of their high relative abundance and the

limitations of the linked scan technique used for the analysis. Only the C30 tricyclic is

specifically detected using the 416 --> 191 reaction. Measurement of the C27 Ts/Tm

hopane ratios was not possible due to interference from an unknown compound co-eluting

with Ts.

Examination of the aromatic fraction of samples from Oonah and Douglas River show

they are dominated by a single compound (Fig. 12) which was identified by GC-MS as a

Crphenanthrene. This was positively identified by co-injection with an authentic standard

as 1,2,8-trirnethylphenanthrene. This compound is seen as one end member of an

identifiable aromatisation sequence as indicated by the presence ofpartially aromatized

intermediates in the less mature samples from Latrobe (Fig. 12; Scheme 1).

Maturity

The samples from Latrobe and the Tasmanites concentrate from Oonah exhibit a

predominance of the thermodynamically less stable Sa, 14a,17a(H) (cf Sa, 14)3,17)3(H))

sterane isomers (Table 3) indicating that they are thermally immature. This is further

emphasised by the greater proportion of the Sa, 14a, 17a(H) 20R epirner compared with

the 20S epirner and the presence of small amounts of S)3(H)-steranes (as determined by

II



metastable reaction monitoring, MRM). A value of 0.54 for the 20 S/S+R sterane ratio

(Table 3) suggests the Douglas River sample is within the oil window (PETERS and

MOLDOWAN, 1993). An a~~/aaa ratio of 0.5 is consistent with this, the onset of the

oil window occurring at about 0.25 (PETERS and MOLDOWAN, 1993).

Maturity estimates based on phenanthrenes (viz. the methylphenanthrene index, MPI;

Table 3) showed little discrimination. The uniformity in the MPI has been observed

previously for low maturity and hydrogen-rich marine organic matter (RADKE et aI.,

1986; BOREHAM et al., 1988). The presence of aromatic compounds which appear to be

derived from the tricyclic precursors in such immature samples (both this study,

AZEVEDO et aI., 1992 and REVILL et aI., 1993) suggests that aromatisation has

occurred early in the maturation process. This possibly reflects the unusual nature of the

organic matter or microbial influences on the aromatisation processes (TRENDEL, 1985;

LOHMANN, 1988; TRENDEL et aI., 1989; WOLFF et aI., 1989).

There is little evidence to suggest which tricyclic compound is being preferentially

converted to the aromatic compounds. The only noticeable correlation being a relative

decrease in the complexity of the m/z 191 mass chromatogram in the C20 region in the

Douglas River sample compared with the Oonah Tasmanites concentrate (Fig. II), which

is assumed to be a maturity driven decrease in the three stereoisomers relative to the

13~(H),14a(H) compound (CHICARELLI et aI., 1988).

The plot ofTmax vs. HI (Fig. 13) shows very similarTmax (443 - 446 DC) values for

the Latrobe, Oonah fossil concentrate and Douglas River samples. However, the siltstone

from above and below the oil shale has a similar maturity but shows a much lower Tmax

(436 DC), equivalent to a vitrinite reflectance of 0.5 % for Type III kerogen (Fig. 13). This

emphasises the limited use of the Tmax parameter in assessing the thermal maturity of

Type I kerogens (TISSOT et aI., 1987).

The Production Index (PI) for the most thermally mature sample (Douglas River) is

only 0.04 (4 %; Table 2), which indicates an immature kerogen (BORDENAVE et aI.,
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1993). This suggests that the biomarker data (steranes) are over-estimating the thermal

maturity of the samples, which is consistent with recent results. MARZI and

RULLKOTTER (1992) calculated an activation energy for sterane isomerization at C20 of

169 kJ I mol, while kinetic data derived for the tasmanite indicates a typical Type I

distribution (TISSOT et ai, 1987). There is a very narrow distnlJUtion of activation

energies for kerogen transformation (Fig. 14) which, in combination with the frequency

factor of8.9 x 1013, indicates a relatively labile kerogen once generation commences.

When these data are used to model maturity it becomes clear that the 20 SI 20 R

isomerisation is complete before the onset of significant hydrocarbon generation (Fig. 15).

In contrast, the kinetic data for sterane isomerisation calculated by MACKENZIE and

MCKENZIE (1983) predicts over 50 % kerogen conversion for the Douglas River sample

(Fig. 15), clearly inconsistent with its high HI value.

Calculation of the Transformation Ratio (TR) according to hydrogen index (HI)

values:
TR = HIo-HI,

HIo

Where IDa and IDz are the initial ID value and the ID at a depth z respectively. IDa is taken as the value
for Latrobe (Table 2).

shows the Douglas River sample to have a TR value of0.1, considered to defroe the onset

ofpetroleum generation. Thus, from the kinetic data curve (Fig. 14) it is clear that this

sample has only just started hydrocarbon production, but significantly, an increase of only

10-15 °C to exceed the activation energy, would see a rapid increase in the amount of

petroleum production. The production curve (Fig. 15) shows that some hydrocarbons

have been produced quite early in the maturation sequence, and this is probably due to the

presence ofweaker bonds within the kerogen. These are represented by the lower

activation energies (205 and 209 kJ Imol; Fig. 14) and probably reflect the sulphur content

of the kerogen. Clearly, the depth of the oil shale at Douglas River (320 m) is insufficient

to produce this level of thermal maturity, even given a high geothermal gradient for this

13



area of around 30 DC / km (GREEN, 1989). This could reflect significant erosion of

Tertiary materia~ or be due to past and localised heating ofthe organic matter. Too little

is currently known about the geology of this region of Tasmania to assess which is the

more likely of these two alternatives.

The high TOC and HI values confirm that the tasmanite has the potential to generate

large amounts ofhydrocarbons but importantly, in the east of Tasmania, as shown by the

data from Douglas River, its thermal maturity is near the oil window. This result

contradicts previous assumptions that the oil shale in Tasmania is too immature to

represent a possible petroleum source, although the present day areal extent ofmature

strata is unknown.

Inferred Environment of Deposition

BANKS (1962), KANSTLER (1980) and CALVER et al. (1984) suggested that

Tasmanites represents the "cysts" of a planktonic organism living in a restricted

environment, generally littoral and associated with reduced salinity due to a high fresh

water input. It has been suggested that much ofpresent-day Tasmania was covered during

the Late Carboniferous by an ice sheet flowing from the west (BANKS AND CLARKE,

1987). At that time Tasmania was positioned in high southern latitudes (ca. 75 0
- 800 S;

SMITH et al., 1981). As the glaciers retreated, black muds were deposited on the sea

floor in front of the ice, and it was in these muds that beds oftasmanite were formed. The

occasional presence offossil brachiopods and starfish in the tasmanite shale indicates a

marine setting. Deposition in quiescent shallow to very shallow water is indicated by

fine-scale cross lamination, scouring and lensing-out over very short distances ofboth the

siltstone and Tasmanites-rich layers in oil shale from Oonah and by the close association

with lenticular sand and well-sorted granule bodies in the Douglas River core. It is

suggested that deposition occurred in water depths of 100 rn or less (Fig. 3); a nearshore
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deposition is further suggested by the presence of desmocollinite at Oonah and collinite at

Latrobe. The overall fine grain size of the oil shale-bearing sequence shows that very low

current strengths existed at the site of deposition. Lonestones, some of which are

demonstrably dropstones (Fig. 4b), may have been transported to the site by shore ice as

their shapes are characteristic offluvial and beach environments with little evidence for

transport by glacial ice (DOMACK et aI., 1993).

Estimates of sea surface temperature for early Permian Tasmania of -1. 8 °C (RAO

and GREEN, 1982), are close to the present average near the Antarctic ice shelf of

-1. 9 0c. DOMACK et al. (1993) propose that the tasmanite beds record a period of

enhanced primary productivity coupled with polar to sub-polar glacial marine conditions

characterised by very cold waters, seasonal sea ice and shore-ice rafting. Cold water

deposition is consistent with the low diversity of the invertebrate fauna and strongly

indicated by the presence of glendonites, pseudomorphs after ikaite (calcium carbonate

hexahydrate; CaCOJ.6HzO). This mineral is suggested to be an authigenic precipitate,

forming at low temperatures from interstitial waters of organic-rich sediments, undergoing

microbial degradation and accumulated rapidly in cold bottom waters (SUESS et al.,

1982; SHEARMAN and SMITH, 1985; JANSEN et aI., 1987).

It is notable that the sediments where Tasmanites is abundant, in the Late

Ordovician-Early Silurian of the Sahara, the Devonian ofBrazil, the Late

Carboniferous-Early Permian tasmanite of Tasmania and the Tasmanites-rich deposits of

the Jurassic/Cretaceous of the Brooks Range, Alaska, all have palaeolatitudes, inferred

from palaeomagnetic work, of about 75° (SMITH et aI., 1981). Sediments where

Tasmanites is oflow abundance seem to have had a wider latitudinal range. For example

its occurrence at about 100 S in the Devonian of Indiana and Ohio (SMITH et aI., 1981),

indicates that it was a wide ranging organism comparable to some diatoms and

prasinophytes in contemporary oceans,

15
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Pyrite occurs within some fossils, but also separately in the fine siltstone and between

fossils. The pyrite is predominantly framboidal and seems to have been an early diagenetic

deposit, especially in associated conglomerates. This indicates a reducing environment

soon after deposition, which is also supported by the presence of glendonites. Identifiable

burrows in the sediments suggest only mild bioturbation and that bottom waters were

depleted in oxygen at the time ofdeposition which, combined with low temperatures,

reduced the rate of oxidation of the organic matter such that little was oxidised prior to

burial. Low pristane/phytane ratios are often associated with low-oxygen environments

such as the tasmanite (Table 3; DIDYK et al., 1978), although other factors can be

important (TEN HAYEN et aI., 1987). In contrast, the siltstone above and below the

tasmanite shale which represents deposition in an oxic environment exhibits a relatively

high pristane/phytane ratio of3.1. Our data is consistent with earlier models oftasmanite

deposition, suggesting that the sum of the physical properties indicates deposition in a

dysaerobic environment with a dissolved oxygen content less than 0.5 m1 L-l at the

sediment-water interface (ARTI-IUR et aI., 1984).

SIMONEIT et al. (1992; 1993) reported high l3C enrichment for the tricyclic

compounds (a l3C values of -9.9%0 to -12.2%0) extracted from an immature sample from

Latrobe (Fig. I) which was attribnted to bloom conditions prevailing at the time of

deposition. Phytoplankton from cold, high latitude waters are typically depleted in l3C due

to the elevated pC02 caused by increased CO2 solubility at these temperatures (reviewed

by SACKETT, 1991). Low atmospheric pC02 associated with global glaciation (RAU et

aI., 1991a) in the Early Permian, possibly combined with additionalpC02 drawdown

during algal blooms provides a possible explanation for the l3C enrichments oftasmanite

kerogen reported here and by SIMONEIT et al. (1993). However RAU et al. (1991b)

showed that particulate organic matter associated with sea ice could also be significantly

enriched in DC (a l3C -160/00 to -28%0) relative to the seawater. Within the sea-ice the

physical isolation from re-equilibration with the atmosphere may reduce CO2 availability
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and therefore significantly reduce isotopic fractionation. SIMONEIT et al. (1993) reported

a tasrnanite kerogen with a Ol3C value of-16.6%0 and our samples have ol3e values of

-13%0 to -11%0 (Fig. 16). Thus, in view ofthe depositional setting implied by geological

evidence we propose that Tasmanites in this instance may have occupied an environment

very similar to that of present day sea-ice algae. Thus, by analogy with present day sea-ice

diatom communities, the Tasmanites bloomed within the ice as the light intensity increased

during the spring. As the ice melted, algae from the bloom were released into the water

column and subsequently sedimented. The fine scale laminations and rarity ofbioturbation

are consistent with a quiescent water column, which may be assisted by persistent ice

cover. To test this hypothesis we measured the .s l3e for sea ice diatoms collected from ice

cores taken in Antarctica, during November 1991. These gave a .sl3C value of -7%0 (Fig.

16) which supports this interpretation. Further studies of sea ice algae from several

Antarctic locations have confirmed their l3e enrichment compared to algae isolated from

the associated water column (R. E. SUMMONS and P. D. NICHOLS unpublished data).

The taxonomic assignment of Tasmanites with the Prasinophyceae (Chlorophyta) (WALL,

1962; PARKE, 1966) and the observations of TAPPAN (1980), who suggested that the

fossil prasinophytes are a "disaster species", somehow surviving the widespread

extinctions of the middle Palaeozoic and, perhaps most importantly, thriving in the

absence of other phytoplankton, are all consistent with our model.

Origins of Biomarkers in the Tasmanite Oil Shale

Recently COLLISTER et at. (1992) reported isotopic values for tricyclic compounds

in the Green River oil shale which ranged from -33.7%0 to -27.3%0. This range

corresponds to the values generally associated with photoautotrophs, but there was no

correlation with the values for p-carotane or steranes in the same samples, indicating

different source organisms. The difference between the isotopic values of COLLISTER et

17



al. (1992) and those reported here and by SIMONEIT et aI. (1993) may be due to the

source organism occupying a different niche in the very different environments of

deposition.

The high proportion ofpreserved organic remains in the tasmanite oil shale, and the

dominance of tricyclic compounds in the hydrocarbon fractions, has often led to

Tasmaniles to be proposed as the likely source for these compounds (e.g. VOLKMAN et

aI., 1989; SIMONEIT et aI., 1992; 1993). However, tricyclic compounds have been

identified in a wide range of sediments and petroleum from a range of geological ages, and

do not appear to be limited to areas of high Tasmaniles content (see AQUINO NETO et

al., 1983), so other sources must be examined. A consideration ofol3e values of tricyclic

compounds in the extracts and pyrolysates of the tasmanite oil shale provides evidence for

a source distinct from the accompanying algaenan.

GC-IRMS analysis oftricyclics in previous studies (SIMONEIT et al., 1993) and the

present study yielded o l3e values of-9.9%0 to -12.2%0 and -6.4%0 to -11.3%0 respectively,

which shows that these compounds are enriched in l3C compared with the corresponding

kerogen (Fig. 16). The light and variable isotopic composition for the n-alkanes (ol3e

values -18 %0 to -30 %0) suggests multiple sources. There is a general trend for l3e

depletion in higher n-alkane homologues, suggesting a possible contnlJUtion from

allochthonous bacterial or plant waxes. For the lower n-alkane homologues, algal and

cyanobacterial sources may become increasingly important.

Closed-system pyrolysis oftasmanite kerogen for 72 hours at increasingly higher

temperatures showed a number of interesting trends (Table 4). Recovery of bitumen

maximised at 68 % at 330°C and decreased to 59 % at 350 °e, probably as a result of the

generation of a larger proportion of gas resulting from cracking ofliquid hydrocarbons.

The composition of the bitumen also changed markedly. At 350 DC almost 96 % of the

bitumen could be recovered from the chromatographic column, as saturates, aromatics and

weakly polar materials. At 300 DC and 330 DC the recoveries from column
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chromatography were only 52 % and 57 % respectively, indicating that the pyrolysate

comprised a major proportion of asphaltic or strongly polar material which bound

irreversibly to the silica gel. The proportions of saturates, aromatics and weakly polar

fractions in the material recovered from column chromatography did not change

significantly as the pyrolysis temperature increased.

A comparison of GC traces for the C 10+ saturated hydrocarbons (Fig. 17) shows a

low abundance of n-alkanes compared to tricyclanes in the extract and the 300°C

pyrolysate. At the higher temperatures, n-alkanes dominate the GC-FID chromatogram,

consistent with flash pyrolysis-GC results which revealed the aliphatic nature of the

tasmanite kerogen (C. 1. BOREHAM, unpublished data). There is also a progression in

n-alkane generation leading to reduced waxy n-alkane contents and lower molecular

weight predominance as the temperature increases to 350°C. In the 300 °C pyrolysate,

the n-alkane envelope maximises at C I8 compared with C 14 in the 350°C pyrolysate.

Evidence for this evolution is also shown by Ol3C analysis of the alkanes (Fig. 18) and

comparison with those in the extract. The n-alkanes produced at 300°C exhibit an

isotopic composition closest to those of the extract with a progression to "heavier"

compounds with an increase in pyrolysis temperature. Note that at 350 °C the Ol3C values

ofC 1S-C24 n-alkanes are in the range -12%0 to -15%0, compared with the kerogen at­

12%0. The Cl3 and C14 n-alkanes are now prominent (Fig. 16) and are slightly ''heavier''

than the starting kerogen at -10%0 to -1 I. 5%0, although this could be due, in part, to

isotopic fractionation on evaporative loss of some of the volatile n-alkanes.

The observations from the pyrolysis experiments are consistent with the concept of

generation of an asphaltene- and polar-rich material during the initial stages ofkerogen

conversion (EVANS and FELBECK, 1983), and subsequent cracking of this to lower

molecular weight components, including gaseous products. The main information

conveyed by the isotope data is, however, that the Ol3C values of the n-alkanes produced

by kerogen pyrolysis are significantly different from those in the extract of immature
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tasmanite. Pyrolytically generated n-alkanes and n-alkylcyclohexanes (data not shown) are

isotopically similar to the kerogen consistent with earlier observations (BURWOOD et aI.,

1988) ofa close correlation between l3C contents ofsapropellic kerogens and their

pyrolysates. Based on experience with other algal-derived kerogens (e.g. GOTH et al.,

1988; TEGELAAR et al., 1989; DERENNE et aI., 1992; BOREHAM et al., 1994), these

compounds are probably derived from an n-alkyl based biopolymer, algaenan, which forms

part of the structure of the tasmanite fossils. Indeed, the lil3C valnes are constant for the

C\7 - C27 n-alkanes from the 330°C pyrolysate. Here, yields are high, secondary cracking

is minimal and the isotopic value is considered to represent that of the Tasmanites

algaenan. This is also consistent with the reported aliphatic nature of the preserved organic

matter (KJELLSTROM, 1968).

Saturated tricyclic alkanes did not appear to be generated during the 330°C and 350

°C pyrolyses where the n-alkanes were mostly produced. Their abundance relative to the

n-alkanes decreased as the temperature increased. Caution should be exercised however.

Tricyclic hydrocarbons may have been converted to aromatics at higher pyrolysis

temperatures. Furthermore, the composition of the aromatic fractions generated in the

pyrolysis experiments became much simpler with increasing temperature and at 350°C

was dominated by 1,7-dimethylphenanthrene and 1,2,8-trimethylphenanthrene with lil3C

values of -7.9 %. and -5.7 %. respectively, which are within the range for tricyclic

compounds in the tasmanite extracts of different maturities (Fig. 16). The isotopic

similarity in the tricyclic hydrocarbons from pyrolysis and tasmanite extracts (Scheme 1

and Fig. 18) suggest that they are almost certainly derived from the same precursors. A

proposed genetic relationship between the tricyclic hydrocarbons is shown in Scheme 1. It

is uncertain at present whether this process is mediated by bacteria or by heating in the

natural environment (LOHMANN, 1988; FREEMAN, 1991; FREEMAN et aI., 1994).

Certainly, the latter process is indicated by the bias towards the fully aromatised tricyclics

in both the pyrolysates and the higher maturity Oonah and Douglas River extracts.
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However, the occurrence of the monoaromatic des-A-triterpane (-8.5 %0; Fig. 12;

FREEMAN et al., 1994) suggests a contribution from the former process (LOHMANN,

1988).

The isotopic dissimilarity of the tricyclic hydrocarbons (mean -8 %0) to the kerogen

and kerogen-derived n-alkanes suggests a source distinct from the Tasmanites themselves.

Interestingly, the difference in kerogen ol3e data in this study with that of

SIMONElT et al. (1993) is matched by differences of a similar magnitude in the tricyclic

compounds, aromatic derivatives and n-alkanes in the extracts. This, in conjunction with

the previously noted differences in sterane and hopane observations, suggests that there

were fluctuations in the source and depositional environment of organic matter within the

oil shale seam which affected both biomarker distnlmtions and their l3e isotopic values.
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CONCLUSIONS

1bis study represents the first organic geochemical comparison ofthermally mature and

immature tasmanite oil shale samples in conjunction with a detailed geological evaluation

of the sedimentary setting.

I). 1bis study has shown, for the first time, that at least some deposits of the tasrnanite

shale in Tasmania are near the "oil window".

2). Geological, isotopic and biomarker analysis indicates that Tasmanites thrived in an

environment ofice cover and bloomed in conditions analogous to those experienced

by present-day sea-ice diatoms. The algal cells were subsequently deposited in

sediments overlain with oxygen-depleted waters, induced by restricted water

movement.

3). Closed-system pyrolysis suggests that there is little correlation between the

temperature profiles for production of n-alkanes and the tricyclic compounds from the

kerogen precursors. The n-alkanes are mainly derived from thermal cracking of algal

aliphatic biopolymer whereas the tricyclic alkanes and aromatic hydrocarbons are

generated earlier, possibly from a different source.
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Lower bed- Lower bed- Middle bed - Upper bed-
lower seam Upper seam Upper seam Lower seam

TIlickness of oil suale (m) 0.28-0.42 0.3-0.7 0.38-0.59 0.24-0.28
TIlin walled: thick walled fossils 16: 1 6.5:1 10.5: 1 5.6:1
%, Matrix 48.9 71.4 48.8 74.8
% Fossils 36.5 10.1 32.2 5.4
% Spherical fossils <0.2 0.4 0.2 0.6
% Pyrite framboids 3.5 2.0 4.3 3.7
% Non-framboidal pyrite 1.3 <0.2 <0.2 <0.2
% Vitrinite 0.5 0.2 0.4 nJd
% Elongate burrows 1.2 0.6 1.4 0.6
% Other" 7.9 15.5 12.5 15.3

Table 1. Examples of oil shale characteristics at Oonah.

" Predominantly clay and silt
nJd =not detected
Percentages are from point counts using approximately 500 data points
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- - - - - - - - - - - - - - - - - - - - -Table 2. Bulk parameters for tasmauite samples

latroscan TLC- Rock-Eval
FID

Sample Sample TOC EOM Tmax SI S2 S3
No.t (% whole (mg/g Hydrocarbons Polars (0C) (kg/Tonne) (kg/Tonne) (kg/Tonne) PI Hl OJ

sample) TOC) (%, (illg/g TOC» (%)

Latrobe I 31.3 52 56* (29) 44 444 12.5 304.2 5.6 0.039 972 18

Oooah
Upper Seam

Total 2 6.9 66 94 (62) 6 443 3.6 65.2 0.3 0.052 937 4
fossil Concentrate 3 63.0 23 85 (19) 15 446 30.8 590.8 2.3 0.050 937 3

Siltstone above seaill 9 1.01 n.ill. n.ill. n.ill. 437 0.04 0.89 0.73 0.04 88 72
Siltstone between seams 7 0.78 n.m. n.ill. n.m. 440 0.Q7 1.30 0.34 0.05 166 43

Lower Seam
Total 6 8. I 32 95 (30) 5 440 14 54.4 2.2 0.025 675 27

fossil Concentrate 4 61.3 n.m. n.m. n.m. 444 22.82 534.94 3.23 0.04 872 5
Siltstone below seam 8 l.l 35 73 (25) 27 436 0.1 1.8 0.6 0.052 163 51

Douglas River 5 17 34 90 (31) 10 446 6.3 147.5 0.2 0.041 868 1

t Sample Humber refers to Fig. 13
n.m. = not measured
* determined by gravimetry
PI ~ Production Index = S1 / S I + S2

""'"



calculated from MRM data, t app probably absent, isomer is 20R 5p,14a,17a(H), .:j: MPI not applicable at this maturity
.d. = Nm detected; n.m. = Not measured
arameters:
. Pristane / Phytane

}. Pristane I n-C 17

. Carbon Preference Index = (%C" - C33 odd) + (%Cn - C3I odd)
2(%C" - C" even)

'. 5a,14a,17a(H) 20R steranes
i. C29 Diasteranes (pa 205 + 20R) I (aaa + app 205 & 20R)
'. C29 aaa sterane 205 I 205 + 20R
I. (29 app lOR steranes I C29 lOR (aaa +app) sleranes

1.5(2 - MP +3- MP)
-. Melhy1Phenanthrene Index = -::c-'-:-:-:--:-~

P+I-MP+9-MP

1.6 0.69 0.92 D.m. D.ill. 0.30 0.15 n.m.
1.5 0.60 1.03 2.2: 1: 1. 9 0.35 0.35 0.15 0.46

1.4 0.48 0.83 n.m. n.m. 0.31 n.m. n.m.
3.1 0.91 1.40 n.m. n.m. n.m. n.m. n.rn.

0.7 0.45 0.98 2: 1:2 0.64 0.54 0.5 0.36

Sample

.alrobe

Jonah
Upper Seam

Tmal
fossil concentrate

Lower Seam
Total

Siltstooe

Jouglas River

Table 3: Molecular data for tasmanite samples

Parameter
I 2 3 4- 5- 6- 7'

PrlPh PrIC17 CPI steraDes Diasteranes 20SIS+R applapp + aaa
C27:28:29

0.45 0.62 n.d. 1.4:1:2.6 0.12 0.11 n.d.r
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I
Table 4. Comparison of whole rock extract and kerogen pyrolysate 3 0 (\ () ,"

of tasmanite from Latrobe, Tasmania ,ju '1 ,<

I--=-=-=--=----:---:----~::-::-:------=--------:-~--.--::-:---.-----:--:-;----.:-
72 hr Pyrolysis EOM Cl2 + Aromatics' Polars' Asphaltenest

I Temp. (mg/g TOC)# Saturates' (%) (%) (%)
(0C) (%)

1# TOC (kerogen) = 67.1 %
• Based on pre-chromatography weightI t Taken as that fraction not eluting from the chromatographic column

unheated 51.4 19.0

I 300 190.8 7.0
330 1019.2 8.5
350 879.1 14.9

I
I
I
I
I
I
I
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30.5
13.3
13.9
42.1

38.8
313
39.3
39.7

11.7
48.4
38.3

3.3



FIGURE LEGENDS

Fig. 1. Sample locations

Fig. 2. Correlation chart for the lower (Carboniferous and Permian) sections of the

Parmeener Supergroup for Latrobe and Douglas River (adapted from BANKS and

CLARKE, 1987). Sst = Sandstone, CMs = Coal Measure Formation

Fig. 3. Suggested paleogeography ofTasmania during the Early Tamarian stage. Dashed

lines = isopachs, numbers = thicknesses in metres, T = occurrence oftasmanite oil

shale,~ = land areas, tiFF] = areas of unknown geography. (Adapted from

BANKS and CLARKE, 1987).

Fig. 4. (a) Fossil Tasmaniles filled with pyrite from Oonah, (diameter = ca. 0.5 mm) and

(b) Dropstone in tasmanite shale from Oonah. Note how the stone breaks the

bedding of the shale, (magnification = x 10).

Fig. 5. Relationship between TOC and sulphur content in tasmanite samples. The upper

graph shows the relationship with height above the Wynard tillite in a sample from

Oonah. T indicates the oil shale seams. The lower graph shows the general

relationship in samples taken from Latrobe.

Fig. 6. Gas chromatograms of the aliphatic fractions of extracts from samples taken from

Latrobe, Oonah and Douglas River and an example tricyclic (cheilanthane)

structure. Numbers refer to carbon number; Pr = pristane; Ph = phytane; T =

tricyclic alkane. Note that the Latrobe fraction was analysed using a different

temperature program

Fig. 7. Extended m/z 217 mass chromatograms for samples from Oonah and Douglas

River. Numbers refer to carbon number; D = diasteranes; 20S and 20R refer to

stereochemistry at carbon 20. Those denoted aaa 20R have biological

stereochemistry, i.e. 5a,14a,17a(H)-20R with the other signals arising from

"geological" isomers.
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Fig. 8. Distribution of sterane and terpane biomarkers io the saturated hydrocarbon

ii'action isolated from the Latrobe sample. The data were acquired by gas

chromatography-mass spectrometry usiog metastable reaction monitoriog (MRM).

Each trace is identified with the carbon number, the reaction as determioed by the

masses of the parent and daughter ions, and a normalised relative abundance. The

last peak to elute in each sterane trace (ie. those denoted aaa-20R) have

5a,14a,17a(H) - 20R stereochemistry with the other signals arisiog from

"geological" isomers. The desmethyl steranes are 24-n-propylcholestane (C30),

24-ethylcholestane (C29), 24-methylcholestane (C2S) and cholestane (C27). The

CJO methylsteranes are 24-ethylcholestanes with an additional methyl group io

ring-A i.e. 2a-methyl and 3~-methyl which are denoted 2a(Me), 3~(Me)

respectively. Hopanes are denoted If, tricyclics T and unknown compounds D.

Tricyclic terpenoids appear io each hopane reaction as artefacts of the MRM

analysis usiog the linked scan technique. For example, T30 is specifically detected

in the 416---->191 reaction. It also appears as an artefact, along with T31 io the 412

----> 191 reaction.

Fig. 9. DistnllUtion of sterane and terpane biomarkers io the saturated hydrocarbon

fraction isolated from the Oonah sample, from GC-MS analysis with MRM (see

Fig. 8 legend for an explanation of symbols).

Fig. 10. Distribution of sterane and terpane biomarkers in the saturated hydrocarbon

fraction isolated from the Douglas River sample, from GC-MS analysis with MRM

(see Fig. 8 legend for an explanation of symbols).

Fig. II. Extended m/z 191 mass chromatogram for extracts from Latrobe, Oonah and

Douglas River. Numbers refer to carbon number; T = Tricyclics; H = Hopane.

Symbols refer to isomerisation at carbons 13 and 14. For example, ~a refers to

13~(H), 14a(H). Assignments are taken from CHICARELU et al. (1988). T25

structure is shown in Fig. 6.



Fig. 12. Gas chromatograms of the aromatic fractions isolated from samples collected at

Latrobe, Oonah and Douglas River. Peak assignments are indicated by structures.

The peak assigned as des-A-gammacerane was identified by the major ions in it's

mass spectrum M+ 274 (36 %), 259 (100), 244 (8),230 (15), 229 (25),228 (11),

215 (16).

Fig. 13. lll/Tmax plot showing the relative positions of the samples. Note the difference in

maturity shown by the algal kerogen and the associated siltstone. The standard

0.5% Vitrinite reflectance contour is shown. I = Latrobe, 2 = Oonah upper seam

whole rock, 3 = Oonah Tasmanites concentrate, 4 = Oonah lower seam

Tasmanites concentrate, 5 = Oonah lower seam whole rock, 6 = Douglas River

whole shale, 7,8,9 = Siltstone samples from above and below the oil shale at

Oonah.

Fig. 14. Plot showing the distribution of activation energies in the Latrobe tasmanite

kerogen. FF = Frequency Factor.

Fig. 15. Simulated maturation of the Latrobe tasmanite kerogen, compared with sterane

isomerisation at CZO' Sterane activation energies used are those of MACKENZIE

and McKENZIE (1983) _e_ and MARZI and RULLKOTTER (1992) -. -, at 8 °C

per million years. Tasmanite maturation is shown at 8 °C (-0-) and 2 °C (-.-) per

million years.

Fig. 16. Plot showing the variation in Ol3C values for kerogen and for n-alkanes, tricyclic

compounds and aromatic derivatives vs. carbon number. Data from this study are

represented as: -.- Latrobe; -0- Oonah; -0- Douglas River; and -x- Sea-ice

diatoms. Data previously reported by Simoneit et al. (1993) are represented as -.-.

Groups of compounds are indicated as n-alkanes and cyclic compounds (tricyclic

alkanes and aromatic derivatives). Numerals refer to structures in scheme I,

tricyclic alkanes are all of type I. Note that the Ol3C values ofkerogen from

Latrobe and Oonah are almost identical.
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Fig. 17. Gas chromatograms showing the aliphatic hydrocarbons from (a) the original

extract and from closed-system pyrolysis oftasmanite kerogen, isolated from a

sample collected at Latrobe, at (b) 300°C, (c) 330 °C and (d) 350°C. Note the

progressive increase in low molecular weight n-alkanes and the relative decrease in

tricyclic compounds.

Fig. 18. Chart showing the .sl3C values of:

a) n-alkanes liberated by pyrolysis at 300°C -0-,330 °C -+- and 350°C -0- of

tasmanite kerogen from Latrobe (AGSO sample # 1995), compared with the

original extract -.-.

b) tricyclic hydrocarbons (structures I-VII in scheme 1) from Latrobe (extract and

pyrolysate, symbols as in (a».
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C 16:10 -8.3 %. to -7.6 %.

C 17:10 -9.8 %. to -B.O %.

Proposed general scheme for tricyclic compound arornatisation. R = H or alkyl chain,
Cn:x, n = carbon number, x = rings + double bonds. Compound IV could be identified but no
isotopic data could be obtained. Compounds I, ill and V-Vll !lad mass spectra comparable to
pnblis!led data. For type II (CI9:4) M+ 260 (27 %), 245 (l00), 189 (8),175 (29),163 (15),
149 (67), 119 (21); type IV (CI9:7) W 254 (35), 239 (45), 183 (42), 169 (100).
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INTRODUCTION

In November 1994, as part of the on-going investigation into the possible occurrence of
petroleum hydrocarbons on-shore in Tasmania, Condor Oil Investments Pry. Ltd. commenced
drilling two stratigraphic boreholes on Bruny Island, named SHITTJ.l.\1 I and GILGAL 1.
During the course of drilling both holes suffered an in-flow of gas and SHITTJ.l.\1 I also began
to yield a hot brine at a depth of 64 metres at an estimated rate of 7000 gallons per hour.
Drilling on both sites was stopped and samples taken for analyses.

SAMPLES

The following samples were delivered to the CSIRO Marine Laboratories for hydrocarbon
analysis:

Two samples ofbrine and a clay sample from the base of GILGAL 1
Two samples ofbrine from SHITTJ.l.\1 I
Three water samples from a saw pit bubbling gas

One sample of the brine from SHITTJ.l.\1 I, and the clay from GILGAL 1 were analysed for
hydrocarbons. Of the samples from the saw pit, two were heavily contaminated by organic
(plant) matter and so were deemed unsuitable for hydrocarbon analysis. The third sample was
clear of this matter, having been "concentrated" by Mr. Bendall, and it was decided to analyse
this sample.

On a subsequent trip to Bruny Island (7/12/94) Dr. Revill collected gas samples from
SHITTJ.l.\1l, GILGAL 1, Johnstones well and the saw pit. These were sent to AGSO for gas
analysis.

ANALYSIS

The water samples to be analysed were transferred to a separating funnel and solvent extracted
with hexane (2 x 75 mI), the solvent fractions combined and reduced under vacuum to a
volume of SO I-li.

The clay sample (131 g wet weight) was extracted by ultrasonication (2 x 5 minutes, stirring in
between) ,vith SO mI of methano~ the solvent transferred to centrifuged tubes and centrifuged
at 2000 rpm for 10 minutes. The supernatant was decanted into a separating funnel containing
water (rnilli-Q) and the sediment re-combined with the original. The extraction was then
repeated with solvent mixtures of decreasing polarity (chloroforrn:methano~ 7:3, 4: 1;
chloroform) and the extracts combined. The chloroform fraction was collected, reduced under
vacuUIIl, dried by passing through anhydrous sodium sulphate and transferred to a vial and
further reduced to SO ~L!. The sediment was air dried and re-weighed to obtain a dry weight.

The solvent extracts were analysed by gas chromatography (Ge) and gas chromatography­
mass spectrometry (GC-i\!lS) operaring in the Selected Ion Recording (SIR) mode.

Gas samples were coUected by displacing water (rnilli-Q) from a gas tight PET plastic bottle.
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RESULTS

Gas Analyses

Results for the analysis of 4 gas samples are given in Table I. No trace of methane was found
in either SHITTIl\1 l or GILGAL I. Both the Saw Pit and Jobnstones well samples contained
methane and both had similar 5D C isotope values of -56 %0 and -55 %0 respectively, Both
these results are interpreted as being due to biogenic methane due to the lack of any higher
homologues above C 1 and from the isotope values. The values of -55 %0 and -56 %0 are
possibly regarded as "heavy" for biogenic samples but the environment from which they were
collected (waterlogged sites ,vith ample vegetable material) would be experiencing methane
oxidation which in rum would lead to the slightly "heavy" values.

Saw Pit water sample

No evidence for hydrocarbons in this sample could be found either by GC or GC-MS (Figures
1-4).

SHITTIJ\I 1 water sample

GC analysis of the water extract shows no detectable signs ofhydrocarbons, however analysis
by the much more sensitive SIR GC-MS suggests the presence of a restricted n-alkane profile
(Figure I) and hydrocarbon biomarkers can be detected (Figures 2-4). The presence of such a
restricted n-alkane envelope is generally indicative of a refined petroleum product, in this case
a "heavy diesel or gas oil" and the pristaneiphytane ratio in this sample is co=ouly associated
with oils derived from Bass Strait. However, the cyclic biomarker profiles contradict this and
are more indicative of a mature Middle East derived oil, for example, the C29 hopane > C30
(Figure 2), low diasterane content (Figure 3) and the presence ofmethyl hopanes (Figure 4)
generally taken to indicate a marine carbonate sourced oil, Thus in this sample there is a
suggestion of a mixed source for the very low levels of hydrocarbons, These may be
contamination from the drilling operations but this cannot be confirmed or eliminated unless
samples of the lubricants used during the drilling operations are analysed,

Gll.GAL 1 clay sample

GC analysis of the total solvent extract from the clay sample (Figure 5) shows the clay to
contain a slightly greater quantity ofhydrocarbons than the SHITTIl\1 I water, dominated by a
high end unresolved complex mixture (UCM). The narrow carbon number range and GC
elution time of this UCM is generally indicative of a refined product such as lubricating oils.
GC analysis was unable to detect the II-alkane profile observed in the SHITTll\-1 I water, but
this may be due to material naturally present in the clay masking the signal. GC-MS analysis
however does show the presence of a restricted II-alkane profile similar to that seen in the
SHITTIl\1 I water (Figure I), ''lith a similar pristaneiphytane ratio. The cyclic biomarkers are
again contradictory to the pristaneipilytane ratio and similar to the SHITTIl\1 1 sample
indicating a Middle East origin. [t is reasonable to suppose in this sample that the cyclic
biomarkers are associated with the UeM siuce these elute around the same retention time and
the UCM is present in much larger quantities than the II-alkanes, thus the indication is that the
hydrocarbons in SHITTu'V1 I and GILGAL I share the same source(s), The inference at the
presellt time, due to the restricted carbon number ranges of the II-alkanes and UCM. is that the
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RESULTS

Gas Analyses

Results for the analysis of4 gas samples are given in Table I. No trace of methane was found
in either SHITTIM 1 or GILGAL I. Both the Saw Pit and Johnstones well samples contained
methane and both had similar oDC isotope values of-56 %0 and -55 %0 respectively. Both
these results are interpreted as being due to biogenic methane due to the lack of any higher
homologues above CI and from the isotope values. The values of -55 %0 and -56 %0 are
possibly regarded as "heavy" for biogenic samples but the environment from which they were
collected (waterlogged sites with ample vegetable material) would be experiencing methane
oxidation which in turn would lead to the slightly "heavy" values.

Saw Pit water sample

No evidence for hydrocarbons in this sample could be found either by GC or GC-MS (Figures
1-4).

SHITTIM 1 water sample

GC analysis of the water extract shows no detectable signs ofhydrocarbons, however analysis
by the much more sensitive SIR GC-MS suggests the presence of a restricted n-alkane profile
(Figure I) and hydrocarbon biomarkers can be detected (Figures 2-4). The presence of such a
restricted n-alkane envelope is generally indicative of a refined petroleum product, in this case
a "heavy diesel or gas oil" and the pristane/ph}tane ratio in this sample is co=only associated
with oils derived from Bass Strai!. However, the cyclic biomarker profiles contradict this and
are more indicative of a mature Middle East derived oil, for example, the C29 hopane > C30
(Figure 2), low diasterane content (Figure 3) and the presence ofmethyl hopanes (Figure 4)
generally taken to indicate a marine carbonate sourced oil. Thus in this sample there is a
suggestion of a mixed source for the very low levels of hydrocarbons. These may be
contamination from the drilling operations but this cannot be confirmed or eliminated unless
samples of the lubricants used during the drilling operations are analysed.

GILGAL 1 clay sample

GC analysis of the total solvent extract from the clay sample (Figure 5) shows the clay to

contain a slightly greater quantiry of hydrocarbons than the SHITTIM 1 water, dominated by a
high end unresolved complex mixture (UCM). The narrow carbon number range and GC
elution time of this UCM is generally indicative of a refined product such as lubricating oils.
GC analysis was unable to detect the n-alkane profile observed in the SHITTIM 1 water, but
this may be due to material naturally present in the clay masking the signal. GC-MS analysis
how'ever does show the presence of a restricted n-alkane profile similar to that seen in the
SHlTTUvf 1 water (Figure [). with a similar pristane/phytane ratio. The cyclic biomarkers are
again contradictory to the pristane/phytane ratio and similar to the SHITTIM I sample
indicating a Middle East origin. It is reasonable to suppose ill this sample that the cyclic
biomarkers are associated with the UCM since these dute around tbe same retention time aud
the UCM is present in much larger quantities than the n-alkanes, thus the indication is that me
hydrocarbons in SHITTThf 1 and GILGAL 1 share me same source(s). TIle inference at the
preseut time. due to the restricted carbon number ranges of the II-alkanes and UeM, is that the
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source is probably contamination from the drilling operations. However, we must stress that
this can only be confmned or denied by analysing samples of the acruallubricants used during
the drilling operations.

It should also be pointed out that small amounts ofhydrocarbons are found in most sediments.
Even if the distributions found here are indigenous it may be that they have been produced by
localised dolerite heating of organic matter.

CONCLUSIONS

• No methane was detected in samples from the two stratigraphic holes.

• Methane from the Saw Pit and Johnstone's well is interpreted as being biogenic in origin.

• No hydrocarbons could be detected in water from the Saw Pit and were detected in only
very low amounts in water from SHITTIM 1. The clay sample from GILGAL I contained
slightly higher levels ofhydrocarbons.

• The hydrocarbons detected in both wells exhibited similar restricted n-alkane and
biomarker profiles consistent with refined products but this cannot be confmned without
analysis of samples of lubricants and fuels used during drilling.
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TABLE 1: Results of gas analysis on Bruny Island samples

Sample Oxygen Nitrogen Carbon dioxide Methane (; l3C Methane
(%) (%) (%) (%) (%0)

Saw Pit l.l 37.5 7.1 54.3 -56.1
Johnstones Well 2.4 19.4 7.8 70.3 -55.2

SHITTIM I 16.7 80.6 2.7 NIL
GILGAL 1 21.8 77.8 0.4 NIL

Calculated in Mole %; No C2 to C; components detected.
Data provided by Dr. R. Summons, AGSO.
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A synthesis of relevant geological information j, underway. A new I: 500,OOO-scale
stralo-teclonic map and time-space plot.\ of Tasmania's tectonlc elements, with some
relcvant neighbOlH ing pun, of Gondwanaland for comparison. ,Ire being compiled
using AGSO's new timescale, to provide a basis for interpreting the new data.
CompilatioJl\ mc scheduled l<J become available from about late Dec~mber 1994.
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Tnsmania NGMA Project ("TASGO")

II November 1994

Dear Sirflvladam

Director. Ellploration
Conga Oil PL
84 Wells Parade
Blac~nl"I' Rav TAS 7052

Re:

This is the first of a new series of communications to explorationisrs with interests in
Tasmanill. 'TASGO" is one of the new NGMA projects and is being run jointly by
Al,SO and Mineral rtcsonrce, Tasmania (MRT). It is designed to understand the major
geological events that have influenced the distribution of Tasmania's minerals and
petroleum resources.

The Ali·,;traiian Geological Survey Organisation and the Tasmanian Department of
Minerals anu Energy have commenced a series of multi-uisciplinary studies under the
Natilmal Geoscj§nce Mapping Accord (NGMA). We are writing to you to inform you
of tbe project and~eir progress and to invite you tu contact the project leader or staff in
the project if yuu want further information or wish to participate more closely in the
work.

The project was publicly launchcd by Tasmania's Prerruer. Mr Groom, on 21 Augu,t
1994. The project plan also received a mention in the August 1994 edition of AGSO's
AnsGeo News and thc OClobcrlNovember issue of PESA News. It was presented lu
(he Ta,mwnian Chamber of Mine,s Jl its meeting in LaunceslOn on 24 June 1994, A brief
update of activities will be given at thc Chamber's next meeting in Launceston on 29
November 1994.

The initial phase llf the project is dorrunantly data acquisition (,ee Attachment I).
Aetivities include airborne geophy,ics. land and marine deep reflection seismic
.'"rvcying, some geochronology and a compilation of relevant geological infornmtion.
This will be followed by some review work (involving collabonition with Universities
and other rcs~archers)and data processing. prior 10 the sub,\tantial interpreti ve phase.

I\UJtr;lli.1I1 Gl'~lklgic;ll ~;\lrVI·'y Or;~,';li;<.lliLJn

;\ rl:St~;H("h (JfJ!;01.lli:;,lIinl\ uf th~' ()1;'1';I~tIr\Vllt (d
J'';I;;.1r~ hdll~lrit:'\ & ErwrJo?v
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Some new zircon d<lting will continue ill 1995. Priority will be accorded 10 samples that
can dale or pUltiming conslraint" on tectonic e"enls, or which can improve the accuracy
of the geochronological timescalc at places where there is good biostratigraphIC conlrol.

Tdephone: (002) 33 8333

1~-£IIlr'-
MrMike~­

Director of Mines
Mineral Resources Tasmania

Telephone: (06) 249 9674

With best wishes

Airborne geophysical surveying of inshore regions of Tasmania commenced on 11
October 1994. To date 28,000 Jine kilometres of magnetic daw have been acquired at
800m line spacing, representing nearly one third of the survey (see Attachment 2). The
King Island portion will be flown at 400m line spacing and will include gamma-ray
spectrometry, The data are being acquired to map the continuations of Tasluania's
geological provinces and structures offshorc, and to ensure Ihat we position the deep
marine seismic reflection lines to cross major struclures, Data are expecled to become
available in the first half of 1995.

Planning for onshore deep retlection seismic surveying in February 1995 is well
underway. Our hudge! will allow about 100 Jine kilometres to be shol. Tasmania's
lerrain is far from ideal for the seismic method. Of the traverses considered to be
logistically feasible, the following have been selected along existing roads: west Dundas
Trough; east Dundas Trough; Malhinna Goldl1elds lineament; and some expeJimental
soundings in Ihe Tasmania Basin, hopefully lhrough windows in the dolerite,

Planning for the marine reflectlon seismic survey is also underway, An indicative cruise
track is shown on Attachment 3. It is thought 10 cross many significant geological
bound~ries and structures, Precise eruise positioning willl'>e tine-tuned when the results
of aerornagnetic surveying become available later this year. The ship provides a more
cost effective method for imaging the geometry of the major geological structures,

Dr Tom S Loulit
Co-Chief,
Minerals Petrolellm and
Sedimentary Resources Division,
AGSO

If you would like 10 participate il1 any of our activities, or feel thai you could assist in
any way, please call us at the numhers indicated below. FUltber information on the
project can be ohlained from Tony Yeates at AGSO, telephonc (06) 2499335, or Tony
Brown, State Chief Geologist MRT, telephone (002) 338365. Specilic infom1alion on
the seismic surveying can be provided by Barry Dl1lmll1ond, telephone (06) 249938 I
or Tim Barton, telephol1e (06) 2499625,
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AUS.GEO International! - the inaugural
number ofa newsletter focusing on AGSO's
contributions to diverse international com­
mitments - is incorporated in this number
of AUS.GEO News.

AGSO's support - through its Interna­
tional Program (see AUS.GEO Interna­
tional!, front page) - of Australia's
foreign-policy, trade, and international devel­
opment-assistance objectives has provided it
with opportunities to participate in joint pro­
jects with geoscientifif; agencies in many
countries. I

AGSO's Internationrl Program is in ad­
dition to its regional gepscientific surveys in
Australia, and builds litpon the developing
skills of its staff and its investment in labo-

ratories and other SUPPfl.orting facilities with
state-of-the-art equipm nt. The complemen-
tary nature of its natio al and international
programs enables AGS to maintain its lead­
ership as the principal ommonwealth Gov­
ernment geoscientific a .ency. As a result, its
capabilities have bee~ greatly enhanced:
AGSO is now a world leader in geoscientific
mapping and informa:on-systems develop­
ment.

Today AGSO is en aged in collaborative
geoscientific projects in countries in the Pa­
cific, southeast and central Asia, the Middle
East, and South America!. These projects cover
a wide range of objectives and funding ar­
rangements, but share ~ common theme: the
research can be undert&ken only by a geo­
logical survey organisrtion equipped with
modern facilities and the expertise to use the
technology to maximu~ effect.

AUS.GEO Internati nal is a twice-yearly
newsletter promoting A SO's involvement in
these overseas projects~Scheduled for issue
- free of charge - eac June and December,
it will be packaged as oth a separate news­
letter and as a supplemef,t to AUS. GEO News.
For regular AUS'G[O News readers,
AUS.GEO Internationa will add a new di­
mension to the custo ary announcements
about outcomes, outpu s, and initiatives of
AGSO's Australian re~earch and investiga­
tions. We hope you enjpy the new addition!

AUS.GEO Internationall

The first of a series
featuring AGSO's

international projects

142'03'
31'30'

<!2JStephens Creek
Reservoir

25 km
'---------',

100m line spacing AGSO

[SSj 200m line spacing AGSO

400m line spacing

AGSO's Tony Yeates (tel. (06)2499335, fax
(06)2499983) and MRT's Tony Brown (tel.
(002)338365, fax (002)442117) can provide mor~

information about 'TASGO'.

BHEI airborne survey area.

The Broken Hill
Exploration Initiative

AGSO's Aero-Commander geophysical survey
aircraft (VH-BGE) commenced a high-reso­
lution survey over the Broken Hill area on
1 October. Flying only 60 metres above the land
surface along east-west lines, mostly 100 metres
apart, the aircraft will acquire 50 000 kilome­
tres of magnetic and gamma-ray spectrometric
data for integrating with other geological and
remote-sensing data in a detailed multidiscipli­
nary study of the area - the Broken Hill Ex­
ploration Initiative (BHEI; see AUS.GEO News
23, for August 1994, p. 4). An early December
completion of the survey is expected.

The airborne survey is the largest one of this
detail ever undertaken in Australia. Early returns
of data are of high quality. The data will provide
an outstanding data set and a basis for other de­
tailed geological and geophysical surveys planned
for 1995 and beyond.

In September, the Commonwealth Minister for
Resources, David Beddall, and his New South
Wales and South Australian counterparts, Ian
Causley and Dale Baker, together pledged
$15 million dollars over 5 years for the BREI,
which AGSO will carry out jointly with the New
South Wales Department of Mineral Resources and
the South Australian Department of Mines & En­
ergy. The BREI's objective is to promote mineral
exploration and further discovery in the Broken
Rill mineral province.

'TASGO'

'TASGO' airborne survey area.

.. Aeromagnetics (800m)

.. Aeromagnetics and Yray spectrometry (400m)

The initial phase of 'TASGO', the new National
Geoscience Mapping Accord joint project be­
tween AGSO and Mineral Resonrces Tasmania
(see AUS.GEO News 23, for August 1994, p. 3),
got under way on 1 October, when a contract
high-resolution aeromaguetic survey of 70 000
kilometres over Tasmania and King Island be­
gan. The aircraft is flying at an altitude of
130 metres (to minimise the noise of waves from
the sea) along east-west lines 800 metres apart,
but 400 metres apart over King Island, where
gamma-ray spectrometry is being recorded
too. The survey is expected to finish in early
December.

The recorded data will help to define coastal
Tasmania's major structures and tectonic-element
boundaries, which in turn will facilitate the optimal
positioning of traverses for a deep-marine seismic
reflection survey aboard RV Rig Seismic in March
1995. The acquisition of 100 kilometres of land
seismic data in February 1995 will complement
the marine seismic work.

'TASGO' aims to resolve how Tasmania's vari­
ous tectonic components fit together, and how its
minerals and petroleum systems fit into this frame­
work.

AGSO

--
..

A u s t r a I ian G e 0 log i c a I Sur v e y 0 r 9 a n
j
i sat ion

a research organisation of the Department of Primary Industri'es & Energy

AGSO participates in the Department of Industry, Science & TeChnologyl~ Registered
Research Agency Program (reg. no. 0167) j
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Marine jurisdictional zones of Australia. • Record 1994/32 PC Catalogue 4)-
Vertebrata; and

• Record 1994/35 ( PC Catalogue 5)-
Conodonta. J
Each catalogue s~tematicallY provides

taxonomic, bibliograp ic, locality, horizon,
and age information fo the specimens. In the
Vertebrata catalogue, s 'ecimens are organised
within a taxonomic fra ework; for the Cono­
donta, however, such ~ framework is as yet
uncertain, so the gener* and species are listed
alphabetically. Comprbhensive indices sup-
plement the texts. ,

The size of the cpe reflects a strong re­
search effort to docunb.ent fossil faunas and
floras from all ages and areas which have
been the subject of geological investigations
by AGSO. The CPC is thus an essential da­
tabase for biochronological dating and envi­
ronmental studies of sedimentary rocks, and
has wide application in geological mapping
and subsurface investigations associated with
all aspects of land use, including petroleum
and mineral exploration.

The Vertebrata catalogue costs $20 +post­
age and handling charges of $5 (in Australia)
or $15 (overseas), and the Conodonta cata­
logue costs $30 + postage and handling
charges of $10 (in Australia) or $25 (over­
seas).

Something old,
somethi~g new ...

~~,w~:~?rro:~~~i~~m.
monwealth PalaeoJtological Collection
(CPC) have just app~ared.But what is this
collection?

.....-----..---,..,-----...,-,...::::::::::.-----1=::::::::::=:::::==:::::=:::::::::::::::::::=:;',

The CPC is a natio ' al collection of almost
exclusively Australasi n fossils which have
been illustrated or ot erwise referred to in
scientific publications. It includes the type
specimens of many sp cies and genera. Origi­
nating with the 1927 ppointment of a Com­
monwealth palaeonflogist, the CPC is
currently administered by AGSO. Because it
contains type specime s, there is an interna­
tional responsibility (u der articles of the In­
ternational Codes of Z ological and Botanical
Nomenclature) to make the collection acces­
sible for scientific st~dy. Catalogues help
meet that responsibiliW: they bring together
and make known intetationallYwhat would
otherwise be widely s altered and commonly

. obscure information 0 the specimens in the
, collection. l

The CPC catalogu s are produced from
AGSO's Oracle datab~se PALEO. The first
three appeared in the ~eport series of the Bu­
reau of Mineral ResourFes, Geology and Geo­
physics (AGSO's predecessor), and covered
the Brachiopoda (Rep rt 298), Bryozoa (Re­
port 305), and Archa ocyatha, Porifera and
Coelenterata (combine in Report 307). The
two new catalogues a e published within a
CPC Catalogues subs ries of the AGSO Re­
cord series:

23/0A/684

Macquarie
Island

digital files available on floppy disk in a range
of custom-specified formats for $30 + postage
and handling charges of $5 (in Australia) or
$15 (overseas).

. . .. Boundary to be negotiated

Exclusive Economic Zone of Australia (AEEZ)

• Area of Continental Shetf beyond AEEZ

AGSO, CSIRO's Division of Fisheries & Oceanography, and the Australian Institute of Marine
Science cosponsored 'Ocean outlook', a two-day congress held in Canberra in mid-November to
identify research priorities for developing, managing, and protecting Australia's new marine zones,
and to contribute to government policy-making. The new marine zones constitute Australia's
200-nautical-mile Exclusive Economic Zone (AEEZ) and remote areas of seabed beyond this that
form part of Australia's 'legal' continental shelf.

The 1982 UN Convention on the Law of the of data necessary for Australia to meet its com-
Sea (LOSC) came into force on 16 November mitments under the LOSe.
1994. Management of the AEEZ and continental For more information, contact Phil Symonds
shelf carries important international responsibili- (tel. (06)2499490, fax (06)2499986).
ties, and presents one of the great national op­
portunities of the future.

Australia now has a greater area of ocean than
of land under its jurisdiction. According to Article
76 of LOSC, the Australian continental shelf (in­
cluding the EEZ around the Australian Antarctic
Territory, AAT) is about 14.8 million square kilo­
metres, nearly twice the size of the continent and
one of the world's biggest.

Eight areas of the continental shelf totalling
about 3.7 million square kilometres extend beyond
the AEEZ. However, Australia must be able to
support its claim to these areas by collecting and
interpreting bathymetric and seismic data for them,
and presenting these data within the next 10 years
to the soon-to-be-established UN Commission on
the Limits of the Continental Shelf.

AGSO has already surveyed some of these re­
mote areas aboard RV Rig Seismic as part of its
Continental Margins Program (CMP). Even so,
much remains to be done: insufficient data are
available for five of the eight areas beyond the
AEEZ, and at least eight one-month cruises (ex­
cluding the AAT) aboard Rig Seismic would be
needed to acquire the appropriate data.

The Federal Government recently acknow­
ledged the urgency of this task in a Cabinet de­
cision concerning the future funding of AGSO's
CMP, and has given top priority to the collection

AGSO has released the results of a geochronological study of nine volcanic and plutonic rock
samples from the Burdekin Falls area, northern Drummond Basin, northeast Queensland.

This study has shown that late Palaeozoic mag- about 289.4 million years ago marked the end of
matism within the Bulgonunna Volcanic Group the magmatism; the similar age and initial 87Sr/86Sr
was active for about 15 million years during the (0.7045) indicate that these granites are comagmatic.
Carboniferous-Permian transition. The earliest AGSO Record 1994/34 (Mineral Provinces 38),
identified activity started at about 304.7 million 'U-Pb zircon ion-microprobe ages from the north-
years (Locharwood Rhyolite and correlated felsic ern Drummond Basin, northeastern Queensland'
volcanics). Later volcanism included the eruption by Lance Black, presents the analytical data and
of dacitic andesite and ignimbrite (about accounts of the significance of the ages and of
297.4 million years) and further rhyolite (Arundel the regional implications.
Rhyolite; about 293.5 million years). The em- Record 1994/34 costs $15 + postage and han-
placement of coeval potassic and sodic granites dling charges of $5 (in Australia) or $15 (overseas).

'Ocean outlook' Congress
Focusing on EEZ and beyond

U-Pb zircon ages, northern Drummond Basin

'Quaternary climate in Australia', 2nd edition
AGSO has released a second edition of its annotated bibliography, 'Quaternary climate in Aus­
tralia'. Published in two volumes as AGSO Record 1994/52, the second edition of this bibliography
contains 2000 references - 500 more than the first edition, which was issued as AGSO Record
1991/104 (see AUS.GEO News 8, for February 1992, back page). Volume 1 lists the references
alphabetically by authors' (or senior authors') names. Volume 2 lists the references as thematic
compilations: palaeoclimate, for which the States constitute separate subthemes; climate modelling;
coastal processes; dune-fields; glaciation; humans and palaeoenvironment; limnology; palaeon­
tology; palynology; and sea level. The references in both volumes are annotated with an extensive
selection of index terms.

Record 1994/52 is available as follows:
two hard-copy documents comprising over 400
pages, and costing $60 + postage and handling
charges of $15 (in Australia) or $45 (overseas);
and

2
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North West Shelf
Marine non-exclusive deep-seismic-well-tie-data releases

In association with PGS Nopec Pty Ltd, AGSO is releasing data from seismic lines recorded in the Carnarvon Basin in 'June this year during
AGSO survey 128 (CBTIX-94), and in the Browse Basin in June and August this year during AGSO survey 128 and 130 (BBTI-94).

National Landcare Program geophysical
data releases

Wanilla (SA), Serpentine (Vic.), and Cressey (Tas.) regions

Mapping th regolith of
a low-relie semi-arid

region from gamma-ray
spectrom tric and

Landsat M Itispectral
Scanner imagery

AGSO high-resolution I airborne gamma-ray
spectrometric data for ~he Highland Rocks re­
gion (NT; between latitJdes 20°42' and 22°01'S,
and longitudes 129014\ and 131°21'E) have
proved invaluable for tlifferentiating regolith
types. Unlike Landsat IMultispectral Scanner
(MSS) data, these data are insensitive to vari­
ations in vegetation covdr, and are therefore un­
affected by fireburns. i

A simple red-green-BIue colour composite of
the potassium, thorium, ~nd uraninm bands, dis­
played with a linear stret~h, provides the best dis­
crimination of regolit~ types: it effectively
distinguishes between I~Ierite, calcrete, bedrock,
and transported sediment~. Further, the ability of
the gamma-ray signal to Ipenetrate 30-40 cm be­
low the surface facilitateS the identification of ex­
tensive areas of the su&surface beneath a thin
veneer of sediments. PalJeodrainage lines defined
by calcrete outcrops arel also prominent on the
image, and so too is an ~xtensive plume of gran­
ite-derived sediment owihg to its high potassium
content. !

The imagery has aided the identification of
20 regolith types, whibh are presented on a
1:500 000 colour map o~ the Highland Rocks re­
gion. The map, and a supforting text, which docu­
ments the processing anti integration techniques
applied to the imagery ahd the subsequent inter­
pretation, are packaged aJ AGSO Record 1994/38.

AGSO Record 1994/l'8, 'Preliminary regolith
mapping of the Highland . ocks region using Land­
sat MSS and high resolu ion gamma-ray spectro­
metric imagery' by DavId Maidment, costs $25
+ postage and handling c~arges of $5 (in Australia)

or $::"(over~.~l=~._,_=_=====

of AGSO's program of eep-seismic-data acqui­
sition on the North West helf. The objectives of
this program are to asses the regional structural
framework and interrelati nships of the basin ele­
ments;, and resolve the asin-forming structures
- their nature, evolution and role in controlling
the locations of hydroca on fields and plays.

The CBTIX-94 data ere released in Novem­
ber, and the BBTI-94 dat are expected to be avail­
able in January 1995.

For companies makin a commitment to pur­
chase the data before 1 December, prices start
at $55 per kilometre for or ers of 1300+ kilometres
of data from survey CB X-94 or of 3000+ kil­
ometres from survey BB -94; and, thereafter, $77
per kilometre for the sa e orders. Reproduction,
handling, and postal ch rges are extra. Release
brochures and details of ricing structures can be
obtained from Chris Jo ston at AGSO on tel.
(06)2499353 or fax (06 2499981; or Jan Ostby
on tel. (09)3215126 or f x (09)3215197.

17"
23/0WAJ820

LAUNCESTON

1:250 000 sheet

Serpentine region
two conductance grids;
a grid of the magnetic data; and
two grids of the terrain produced from the
(GPS) and radar-altimeter data.

Cressey region
five conductance grids;
a grid of the magnetic data; and
a grid of the terrain produced from the (GPS)
and radar-altimeter data.
The data for each region, supplied on mag­

netic tape, may be purchased through the AGSO
Sales Centre for $500.

-- Browse Basin tie infil/1994
(dashed in deep water)

-- Browse Basin tie 1993

. . . . .. Other AGSO seismic surveys

Seismic lines in AGSO's Browse Basin surveys
(128 and 130) area.

,.,:' .

o 150 km
~

northern edge of the Exmouth Plateau and to image
the link between the margin and the oceanic basins.

The remaining part of survey 128, and survey
130, acquired 4610 kilometres of seismic data in
the Browse Basin. These data complement those
of a previous AGSO survey, 119 in 1993, and were
recorded to infill gaps in the regional deep-seismic
grid; to tie wells not already tied to the grid; and
to provide better control on the trends of some
major deep, particularly north-trending, structural
features interpreted from the previous data set.

These two surveys constituted an integral part

117" 126'r---------------,-,----'=;11'

BENDIGO

1:250 000 sheet

,------------,36' ,------------,40'45'

L- ----' 37' L---I!IIIIl----------' 41'45'
145'30' 146'30' 148'30'

22/AJ84

The Wanilla (SA), Serpentine (Vic.), and Cressey (Tas.) regions survey areas.

LINCOLN

~

1:250 000 sheet

Seismic lines recorded in AGSO's Carnarvon
Basin survey (128) area.

-- Carnarvon Basin tie infil/1994
(dashed in deep water)

-- Other AGSO seismic surveys

135'

111'

Wanilla region
three conductance grids;
a magnetic grid;
a grid of the first vertical derivative of the
magnetic data;
three grids of the radiometric count rates meas­
ured - one each for the potassium, uranium,
and thorium channels;
a grid produced by digitising the aerial pho­
tographs of the area; and
a grid of the terrain produced from the global­
positioning-system (GPS) and radar-altimeter
data.

Under the National Landcare Program, the Commonwealth Department of Primary Industries
& Energy funded airborne geophysical surveys to measure electrical conductivity and acquire
magnetic data in the Wanilla, Serpentine, and Cressey regions. The data were collected along
east-west lines 200 metres apart with north-south tie-lines 2 kilometres apart. They will be used
to contribute to salinity studies.

The products, available in ER Mapper format,
are:

Extending the coverage of previous AGSO sur­
veys in the Carnarvon Basin, part of survey 128
focussed on the northern half of the Exmouth Pla­
teau, adjacent ocean basins, and the outer Beagle
Sub-basin. It acquired 1300 kilometres of seismic
data over frontier petroleum prospective areas, and,
in very deep water, 1100 kilometres of seimic data
that are expected both to provide lateral control
from the Ocean Drilling Program wells on the

3
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Geophysical maps and data for the Cape York Peninsula
Land Use Strategy

Digital-elevation-model data and
contour and pixel-image maps

AGSO has released digital-elevation-model
(DEM) products for three 1:250 000 Sheet areas
in north Queensland, as follows:

Hann River (SD54-16) - contour and colour
pixel-image maps, and data;
Ebagoola (SD54-12) - contour and colour
pixel-image maps, and data; and
Cape Weymouth/Weipa/Jardine River
(south)/Orford Bay (south; SD54-4 and 3, and
SC54-15 and 16, bounded by latitudes 11.55°­
13.000 S and longitudes 141.3°-143.5"E)­
contour map, and data.
These products constitute an AGSO contribu­

tion to the Cape York Peninsula Land Use Strategy,
a joint initiative of the Commonwealth and
Queensland Governments.

AGSO generated the DEM data from airborne
geophysical surveys! that it flew along east-west
flight lines 400 metres apart 100 metres above the
ground (for Hann River in 1991, and Ebagoola
in 1990), and 1500 metres apart 150 metres above
the ground (for Cape Weymouth etc. in 1986).

Data for the Hann River DEM
For the Hann River survey, the navigation data

were provided by a satellite global positioning sys­
tem (GPS), which recorded both positional (lati­
tude-longitude) information relative to the WGS84
reference ellipsoid, and the height of the aircraft
above the ellipsoid. The GPS data were sampled
every 700 metres (10 seconds), and recorded in
separate receivers (one in the aircraft, the other
at a fixed location). An Ashtech proprietary pro­
gram ('Ranger') was used to post-process the air­
craft data, for which the fixed-location data
provided the reference data set. The post-process­
ing increased the final accuracy of the horizontal
positioning data by a factor of at least 10.

The ground elevation was derived by subtract­
ing the height of the aircraft above the ground­
recorded once every second on the aircraft's radar
altimeter - from the height of the aircraft above
the ellipsoid.

The raw elevation data have values calculated
every 70 metres (1 second), and refer to height
above the ellipsoid - a horizontal datum. A ver­
tical datum is usually chosen to be the geoid, which
is the equipotential surface of the gravity field
that best approximates mean sea level. Heights
referred to the geoid are the heights usually plotted
on maps. The height of the geoid above the el­
lipsoid is the geoid separation, or N value.

The Australian Surveying & Land Information
Group supplied the set of N values, which was
subtracted from the raw elevation data to provide
heights above mean sea level.

The last correction related to the separation
between the GPS antenna (on the roof of the air­
craft) and the radar-altimeter antenna (on the belly
of the aircraft) - a distance of 1.675 metres,
which was also subtracted from the raw elevation
data.

A minimum-curvature technique was applied
to grid the processed line data to a cell size of
80 metres (3.0") for presenting the ground eleva­
tion as a contour map.

Data for the Ebagoola DEM
For the Ebagoola survey, a Syledis electronic

navigation system provided the navigation data;

4

and the aircraft's radar altimeter and barometer
recorded, respectively, the ground clearance and
height above sea level. The ground elevation was
calculated every 70 metres (1 second) as the dif­
ference between the heights of the aircraft above
sea level and above the ground.

A minimum-curvature technique was applied
to grid the processed line data to a cell size of
80 metres (3.0") for presenting the ground eleva­
tion as a contour map. The grid was warped to
make it consistent with that derived from the GPS
data acquired on the northern edge of the adjacent
Hann River Sheet area. Analysis of the warped
grid showed that coastal elevations were within
10 metres of sea level. This surface was then used
to correct the position-located data.

Data for the Cape Weymouth etc. DEM
Doppler navigation and aerial photographs pro­

vided the navigation data for the aircraft flying
the Cape Weymouth survey. The aircraft's ground
clearance (recorded on a radar altimeter) and al­
titude (barometer) were sampled every 1 second.
Raw heights relative to sea level were calculated
according to the formula:

Hei:Jht= 18 400 x Ibg(lOOO)-bg(pJess.lle)I-Jadaralineler

The heights were then warped to conform with
the coastline, and to a surface generated from
smoothed heights recorded at gravity stations in
the survey area.

A minimum-curvature technique was applied
to grid the processed line data to a cell size of
400 metres (15.0') for presenting the ground ele­
vation as a contour map.

Maps and data costs; further information
Digital-elevation-model contour maps for the

Hann River, Ebagoola, and Cape Weymouth/
Weipa/Jardine River (south)lOrford Bay (south)
1:250 000 Sheet areas each cost $40 for a dyeline,
and $120 for a transparency. Digital point-located
and gridded elevation data, which are available
on magnetic tape, cost $1000 for each of the three
models.

The digital-elevation-model colour pixel-im­
age maps of the Hann River and Ebagoola
1:250 000 Sheet areas each cost $250 + $16.65
sales tax.

More information about the generation of the
DEMs for CYPLUS can be obtained from Mario
Bacchin or Ian Hone on tel. (06) 2499111 or fax
(06)2499986.

lprevious issues of A US. GEO News carried an­
nouncements about releases of the resulting packages of
geophysical maps and data for the Harm River (total mag­
netic intensity [TM1] and gamma-ray spectrometric con­
tours and profiles, and digital point-located and gridded
magnetic and gamma-ray spectrometric data; see
AUS.GEO News 12, for October 1992, p. 6; and 14, for
February 1993, p. 6) and Ebagoola Sheet areas (TM1 and
gamma-ray spectrometric contours and profiles, TM1 col­
our and grey-scale pixel images, and digital point-located
magnetic and gamma-ray spectrometric data; see
AUS.GEO News 7, for January 1993, p. 6; 10, for June
1992, p. 6; and 12, for October 1992, p. 6).

Cape York Peninsula 1:1 000 000
Bouguer anomaly map

AGSO has compiled a 1:1 000 000 Bouguer
anomaly map of Cape York Peninsula between
latitudes 10 and 16°S and longitudes 141 and
145°30'E; the map projection is Lambert Con-

formal Conic. The contdurs are based on a grid­
ded data set of Bouguer anomalies calculated at
a density of 2.67 tonnes per cubic metre, and are
spaced at intervals of20 micrometres per second
per second. The grid has a mesh size of 1.5
minute of arc (about 2.5 kilometres). Gravity
station locations are represented by small
squares.

The map may be purchased as a dyeline for
$25, or transparency for $75.

Further information is available from Ms Alice
Murray on tel. (06)2499264 or fax (06)2499986.

Wallace H., Campbell:
expert on g~omagnetism

visits tGSO
for on year

The rumour that Dr W lIace H. Campbell's re­
search in geomagnetis predates the formation
of the Earth's liquid co e is not true. It is true,
however, that his work uring the past 40 years
has made a major con ribution to our under­
standing of the Earth's magnetic field. He has
been innovative in the tudy of global patterns
of the geomagnetic-fiel~variations during quiet
solar times; developed *ew and better methods
of magnetically determining conductivity pro­
files of the Earth to d1thS of 600 kilometres;
improved our knowled e of the effects of elec­
trical currents induced in oil pipelines by geo­
magnetic storms; and significantly advanced
our understanding of igh-frequency geomag­
netic disturbances (mi< ropulsations).

Dr Campbell now wo ks for the US Geological
Survey, which he joined ir 1973. He has published
more than 100 scientific papers, authored several
books, and recently finis ed writing a new mono­
graph entitled 'Maglight f-- an introduction to geo­
magnetism' .

For most of the forthcpming year, Dr Campbell
will be working in AGS O's Geomagnetism Sec­
tion, where he will be rodelling the Australian
solar quiet-day variations and deep-Earth electrical
conductivity. He is also presenting at AGSO an
introductory course of 20 lectures on geomagne­
tism; he will present a horter course in Sydney
at the Ionospheric Predic ion Service, and is plan­
ning to present another curse in Perth on external
geomagnetic-field effect for aeromagnetic explo­
ration personnel. During February and March, he
will visit Flinders Univffsity of South Australia.

Dr Campbell's telep! one number at AGSO is
(06)2499749, so call hiln if you wish to make
contact.

AGSO Lil~rary and
Sales Centre

Christmas-Ne~ Year closure
The AGSO Library, i/1c1uding the Map Li­
brary at NRMA Hous , and the Sales Centre
will be closed for the Christmas-New Year
season from 4 p.m. 0 Friday 23 December
until 9.00 a.m. on Thes ay 3 January. We hope
this will not inconveni ,nee any of our patrons
and customers.
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Otway Basin dee. -seismic survey
(part 2)

3~26 January 1995

RV Rig eismic
proviSional
sche~ule

Otway Basin deet-seismic survey
(part 1)

26 November 0 22 December
1994

Tasmania offshore seismic survey

March 1995

Tasmania offshore geological survey

late January t late February
1995

AGSO has released the suits of the first basin­
wide structural and seis ie-stratigraphic analy­
ses of the Maryborough and Capricorn Basins:
AGSO Record 1994/1 -~'GeOlOgy and geophys­
ics of the offshore Mary orough, Capricorn and
northern Tasman Basin : results of AGSO sur­
vey 91' by Peter Hill. Oomprising 71 pages of
text, tables, and text-fi~res, and 34 large-for­
mat enclosures, this re~ort documents the re­
sults of an interpreta ion of multichannel
seismic reflection, sono uoy refraction, wide­
angle reflection, magne~ic-profile, gravity, and
bathymetric data aCqUI~ed by AGSO in 1989,
and integrated with data cquired from previous
government and compa y surveys.

Record 1994/1 cost $200 + postage and
handling charges of $2 (in Australia) or $60
(overseas).

Cato
Island

23/00/426

100Ql!L>

100km
'-------',

NORTHERN
TASMAN

BASIN

Genera file of fossil
spores and pollen

Basin locations, offshore southern Queensland.

From the moment it appeared, AGSO's Dennis
Burger has been a regular user of the genera
file of fossil spores and pollen (GFFSP) of Jan­
sonius & Hills (1976). To find his way around
in the GFFSP, he has built up a key for spores
and pollen grains, which AGSO has now issued
as Record 1994/46: 'Guide to genera file of fossil
spores and pollen of Jansonius & Hills (1976)'.

The key assembles the spores and pollen grains
into turma, subturma, infraturma, etc. Within each
of these categories, genera are listed alphabetically
with GFFSP number, age of genotype, and­
where relevant - symbols showing type of syn­
onymy, change in taxonomic rank, and type of
fossil (megaspore/-pollen, tetrad).

AGSO Record 1994/46 is designed to help sub­
scribers to the GFFSP. It contains about 3900 en­
tries (including GFFSP supplement 11 of 1992).
It costs $35 + postage and handling charges of
$5 (in Australia) or $15 (overseas).

For further information, contact Dr Dennis
Burger (tel. (06)2499413 or fax (06)2499983).

AGSO Journal 15(3)
AGSO recently released the latest number of
the AGSO Journal of Australian Geology &
Geophysics - volume 15, number 3 - whose
table of contents is as follows:

David W. Durney & Hanan J. Kisch - A
field classification and intensity scale for
first-generation cleavages 257

• T.P. Mernagh & W.K. Witt - Early,
methane-rich fluids and their role in Ar­
chaean gold mineralisation at the Sand
King and Missouri deposits, Eastern Gold-
fields Province, Western Australia .297

• Alan J. Whitaker - Integrated geological
and geophysical mapping of southwestern
Western Australia 313
Marion O. Michael-Leiba - Fluctuations
in seismicity in the Dalton area, NSW,
Australia, and their relevance to earth-
quake forecasting 329
C.D. Ollier & e.P. Pain - Landscape
evolution and tectonics in southeastern
Australia 335
Ian H. Lavering - Marine benthic com­
munities in the Early Carboniferous of
New South Wales (Visean -Delepinea
aspinosa Zone) , 347
Y. Palmieri, e.B. Foster & E.Y. Bondareva
- First record of shared species of Late
Permian small foraminiferids in Australia
and Russia: time correlations and plate
reconstructions 359
Robert S. Nicoll- Seximembrate appara­
tus structure of the Late Cambrian coni­
form conodont Teridontus nakamurai
from the Chatsworth Limestone, Georgina
Basin, Queensland 367
I.e. Roach, K.G. McQueen & M.e. Brown
- Physical and petrological charac­
teristics of basaltic eruption sites in the
Monaro Volcanic Province, southeastern
New South Wales, Australia .381
This issue of the AGSO Journal costs $40

+ postage and handling charges of $5 (in Aus­
tralia) or $15 (overseas). The AGSO Journal is
available by subscription at a cost of $80 to in­
dividuals or $120 to corporations for four quar­
terly numbers.

Stratigraphic-names register moves house and invites comment on
planned improvements

On 11 August 1994 Cathy Brown and the Central Register of Australian Stratigraphic Names moved both structurally and physically within
AGSO. The Central Register is now part of the National Geoscience Information System (NGIS) Program in AGSO's Division of Information
Services. It has relocated to room 77, ground floor, Anzac Park East building, Parkes, ACT. I

The main functions of the Central Register • developing new menus and views of the da- of the Stratigraphic Name~ Committee of the Geo-
were outlined in AUS.GEO News 11, for August tabase to facilitate direct access by customers. logical Society of Austr~'a.
1992, page 6. Information from the Central Reg- Some of these proposals have come from dis- Please contact Cathy rown for further infor-
ister is available to all geoscientists working on cussions with staff of various State geological sur- mation on the proposed c anges (tel. (06)2499535,
Australian projects. veys (particularly NSW, Qld, SA, and WA). We fax (06)2499977). Your c mments and suggestions

Improvements planned over the next few have also had additional input from Colin Gate- are welcome. Written en1uiries should be sent to
months include: house, Convener, and from several other members AGSO's postal address (sbeefoot-box, back page).

a redesign of the stratigraphic part of the Cen- -------

tral.Register's GEODX database; Maryborough Capricorn and. orthern
addmg a code for all the reserved names (the , 'e
publi~h~d names already have a code),. and Tasman Basins
combmmg the reserved names & pubhshed

names tables; this will allow simpler links with Doc mentatOo f res Its f . t t d
GIS systems; U I n 0 U 0 an In gra e

• coding of superseded and (more) misspell AGSO ° to to
names (with help from the Stratigraphic Names Inves Iga Ion
Committee of the Geological Society of Aus­
tralia); this will improve the speed and quality
of information provided to customers; and
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Further ma s issuing from
AGSO's he Granites

1993 airborne geophysical survey
AGSO has compiled Jcolour pixel-image map

Continued on p. 8

Costs
Duketon 1:250000 heet area total-count con­
tour map - $100 ~dyeline), $250 (transpar­
ency, either sepia or double-clear);
Duketon and Edjud1na grey-scale TMI pixel­
image maps - $25 + $16.65 sales tax each;
Duketon and Edjudi a colour TMI pixel-image
maps - $300 + $29 sales tax each;
Duketon grey-scale land colour TMI pixel-im­
age maps (purcha ed together) - $500 +
$33.30 sales tax;
Edjudina grey-scale and colour TMI pixel-im­
age maps (purcha ed together) - $500 +
$33.30 sales tax.

Digital data
Digital-point-located and gridded elevation

data for the Lissadell 1:250 000 Sheet area are
available on magnetic tape.

Costs
• contour elevation map - $40 (dyeline), $120

(transparency);
colour pixel-image elevation map - $300 +
$20 sales tax; and
digital elevation data - $1000.

First of the maps and data
from AGSO's 1994

East Kimberley airborne survey
AGSO released in September the first batch of
products derived from its East Kimberley geo­
physical survey, which was flown along east­
west flight lines 400 metres apart 100 metres
above the ground between mid-May and mid­
July this year (see AUS.GEO News 22, for June
1994, p. 5). All these products - digital-eleva­
tion-model contour and pixel-image maps, and
digital elevation data - are for the Lissadell
1:250 000 Sheet area (SE52-2, NT), part of the
Kimberley-Arnnta NGMA.

Maps
The digital elevation model of the Lissadell

1:250 000 Sheet area combines the latest height
data with accurate positional information. It was
produced by combining data from the survey air­
craft's GPS with the aircraft's radio-altimeter re­
cord, as described for the Hann River DEM (p. 4),
except that the GPS height data were sampled
every 350 metres (5 seconds) and the processed
line data were gridded to a cell size of 90 metres
for the Lissadell model. It is available as a dyeline
or transparency (sepia or double clear) contour
map, or as a colour pixel-image map.

For more information about the derivation of
the DEM, contact Mario Bacchin or Ian Hone on
tel. (06)2499111 or fax (06)2499986.

22/J55/3 37'00'

Map types (see key below)
123 456 7

HEATHCOTEBENDIGO

1:100000 Sheet areas (screened) for which
profile and flight-line maps are available in

the Bendigo 1:250 000 Sheet area

1:100 000 Sheet area
SJ55-1/1 Mitiamo x x x
SJ55-1/2 Echuca x x x
SJ55-1/3 Shepparton x x x
SJ55-1/6 Nagambie x x x

Profile and flight-line maps
The following, newly released maps - part of

the Bendigo 1:250 000 Sheet area (SSJ55-1)­
are available as dyeline or transparent (sepia or
double clear) copies:

Digital data
Digital-point-located and gridded airborne geo­

physical (magnetic and gamma-ray spectrometric)
data for the four 1:100 000 Sheet areas for which
profile and flight-line maps have been released,
and digital point-located and gridded elevation data
for the whole of the Bendigo 1:250 000 Sheet area,
are available on magnetic tape.

Costs
The profile and flight-line maps each cost

$15 for a dyeline and $45 for a transparency.
The elevation map costs $40 for a dyeline,

and $120 for a transparency.

Elevation map
A contour map of the digital elevation model

- produced by combining data from the survey
aircraft's GPS with the aircraft's radio-altimeter
record, as described for the Hann River DEM
(p. 4), except that the GPS height data were sam­
pled every 350 metres (5 seconds) on the Bendigo
survey - is available as a dyeline or transparency
(sepia or double clear) for the whole of the Bendigo
1:250000 Sheet area. For more information about
the derivation of the Bendigo DEM, contact Ross
Franklin on tel. (06)2499272 or fax (06)2499986.

Airborne geophysical maps and data fo
National Geoscience Mapping Accord proj .cts

Profile flight-line and digital- The point-located geophysical data are avail- Duketon and E~judina1'250 000
I .' d I'dd ~ able in units of 1:25 000 Sheet areas (7.5' x 7.5') I'

e evatlOn-.mo e maps an ata .or as follows (minimum order $600 per 1:250 000 Sheet areas, Eastern Goldfields
the Bendigo 1:250000 Sheet area Sheet area): AGSO acquired airbo e geophysical data ear-

AGSO has started releasing the first of the maps No. ofmap sheets Cost ($) per Sheet area I~er th~s year in the Ed udina ~nd (in collabora-
issuing from the Bendigo (Vic. and NSW) air- 400-m line spacing 200-m hon with the Departm nt of Mmerals & Energy,
borne geophysical survey, which it flew early 4-15 (each map sheet) 150 300 WA) Duketon 1:2500 0 Sheet areas, as part of
this year as a contribution to the Lachlan- 16-95 (each map sheet) 130 the Eastern Goldfield NGMA, and is now re-
Kanmantoo Fold Belts NGMA project (see Full 1:100 000 set 2080 leasing products deri ed from them. The air-
AUS.GEO News 20, for February 1994, p. 3). (16 x 1:25 000 maps) craft surveying both Sheet areas flew along
The data from which these maps were compiled Full Nagambie 2210 east-west lines 400 mitres ~part .80 .metres (in
were acquired along east-west flight lines 1:100000 set of maps Duketon) and 100 m1res (m EdJudma) above
spaced 400 metres apart (but 200 metres apart The gridded geophysical data are available the ground.
in part of the Nagambie 1:100 000 Sheet area) in units of 1:100 000 Sheet areas, as follows: Contour and profile m ps, and geo.physical data
100 metres above the ground. Cost ($) A total-count cont ur map of the Duketon

144'00' 145'30' 1 x TMI grid (3-second) 500 1:250000 Sheet area, n w available, complements
36'00' 4 x gamma-ray spectrometric grids 500 an earlier release (ann lunced in AUS.GEO News

(3-second) 23, for August 1994, P 6) comprising:
Grids + position-located profile data 2500. the TMI contour!map for the Duketon

The digital elevation data cost $1000. 1:250 000 Sheet ar a;

Key to map types • TMI contour, TMI p ofile, and flight-line maps
1. Total magnetic intensity contours for the six 1:100 oqo Sheet areas constituting
2. Total magnetic intensity profiles the Duketon 1:250 000 Sheet area; and
3. Total-count gamma-ray spectrometric contours digital point-locat d airborne geophysical
4. Total-count gamma-ray spectrometric profiles (magnetic and four channel gamma-ray spec-
5. Uranium, thorium, potassium profiles (3 maps) trometric) data and nd grid data for the Duke-
6. Flight-line system ton 1:250 000 She t area.

7. Radio-altimeter profiles TMI pixel-image map
AGSO has compile ,for the Duketon and Ed­

judina 1:250 000 Shee areas, colour and grey­
scale pixel-image map of TMI from total-field
aeromagnetic data fro which the International
Geomagnetic Reference Field was removed. Mini­
mum curvature was app ied to grid the profile data
to a cell size of 3 secon s of arc (about 80 metres
in latitude). Processing ~f the grid data in the spec­
tral domain removed a,~ymmetries introduced by
the inclination of the Earth's magnetic field (i.e.,
they were reduced toihe pole). For the colour
image, histogram equa isation facilitated the se­
lection of pixel colour from the natural palette
(magenta high, blue 10 ), and modulating the col­
our intensity and satu, tion enhanced the relief
of the TMI gradient. he grey-scale image rep­
resents the first vertical derivative of the TMI grid
data, to which automati gain control was applied
to normalise the anom ly amplitudes.

For more informati ,n about the generation of
these pixel-image maps contact Peter Milligan on
tel. (06)2499224 or fa ' (06)2499986.
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New publications and data releases .
Costs quoted below are counter prices. Su­
perscripts refer to postage and handling
charges (see footnotes), which apply to most
hard-copy products and must be added to
the cost of an order.

Note that educational institutions may claim
a 35% discount off the counter price of any
text publication or map produced wholly by
AGSO. This offer does not extend to data
releases (including Records).

.... 1'·································· .

All orders may be charged to Master-
card/Bankcard/Vis card. Please quote:::~:',~m" .•mb&,~d up;ryda~
when ordering. I

Note that a sales tax, for which maps sold in Australia are eligible, does not apply to orders despatc ed overseas;
for Australian orders, a sales tax registration number or exemption declaration is required in wr1ting when

the purchase is made, otherwise sales tax will be charged.
.: :.. ..:...... .' .. . . .

Iii
..1 ii

:::::::::::::::::::::1

ouncement on p. 5;General
AGSO Journal of Australian Geology &

Geophysics, volume 15, no. 3 ($40.00. Save by
subscribing; call AGSO for details. Contents
listed on p. 5;1.

AGSO Research Newsletter 21 (freel.
Record 1994/49. Government Geoscience

Database Policy Advisory Committee geo­
science data storage workshop, 29 August 1994,
proceedings (see announcement below;
$40.00)1.

Record 1994/55. Creating Arc/lnfo cover­
ages from Microstation design files - some
procedures and AML routines; R. Brodie
($15.00;1.

National Landcare Program airborne geo- 91; P.I. Hill (see
physical data. Wanilla (SA), Serpentine (Vic.), $200.00l.
and Cressey (Tas.) regions (see announcement Record 1994/32 (C Catalogues 4). Cata-
on p. 3). logue of type, figured nd cited specimens in

Record 1994/25. Mundaring Geophysical the Commonwealth P laeontological Collec-
Observatory: 1986 to 1989; P.J. Gregson tion: Vertebrata; AC. D vis (see announcement
($20.00l. on p. 2; $20.00l.

Record 1994/28. Mawson Geophysical Ob- Record 1994/35 (CP! Catalogues 5). Cata-
servatory 1993: annual report and data summary; logue of type, figured d cited specimens in
A Rada ($20.00;1. the Commonwealth Pa aeontological Collec-

Record 1994/29. Geomagnetic reRort, 1993, tion: Conodonta; D.L. St sz (see announcement
Davis and Casey; A Rada ($12.00) . on p. 2; $30.00l.

Record 1994/47. Mundaring Geophysical Record 1994/39. E stern Otway Basin-
Observatory annual report, 1993; PJ. Gregson, horizon maps for the ons ore areas at 1:250000
E.P. Paull, Y.F. Dent, O.D. McConnel, L.A. van scale; D. Finlayson (text onlYi see an-
Reeken, & YM. Moiler ($20.00l. nouncement on back p e; $50.00) .

Minerals & environment Record 1994/52. Quaternary climate in Aus- Record 1994/41. Geo ogy and petroleum po-
1:250 000 Murray Basin Hydrogeological tralia: a bibliography; second edition; E. Bleys, tential of Ragay Gulf, ayabas Bay, northeast

Map Series. Adelaide-Barker, South Australia G.R. Hunt, & M. Truscott (compilers; see an- Palawan Shelf and Guy Platform, Philippines
(Sheet SI54-9, 13); S.R. Barnett (Department nouncement on p. 2; $60.0rfi for hard copy; (volumes 1 to 4: text, ppendices, maps, and
ofMines, South Australia; $20.00 + $1.35 sales $30.001 for digital version). atlas; see announcemen on p. 14; $5000.00)5.
tax/. Record 1994/56. Australian Regolith Con- Record 1994/45. Ph nerozoic magnetostra-

1:250 000 Murray Basin Hydrogeological ference '94; c.F. Pain & J.D. Campbell (com- tigraphy: a contribution t the timescales project
MapSeries. Cargelligo, New South Wales (Sheet pilers; see announcement below; $20.00l. - Palaeomagnetism Pr ,ject 224.03; Phanero-
SJ55--6)' DR Woolley & R M Williams (De- zoic Timescales Proiect 11.03,' C.T. KlootwiJ'k,, .. . . Marine, petroleum, & sedimentary Jpartment of Water Resources, NSW; $20.00 + M. Idnurm, H. Thev niaut, & A. Trench
$1.35 sales tax;1. resources ($20.00)1.

1:1000000 Bouguer anomaly map. Cape Map folio. Eastern Otway Basin (11 maps RecordI994/46.Gui etogenerafileoffossil
York Peninsula (specially producedfor the Cape at two scales; see announcement on backpage). spores and pollen of Jan onius & Hills (19761;
York Peninsula Land Use Strategy; see an- Marine deep-seismic data. Carnarvon and D. Burger (see announce ent on p. 5; $35.00) .
nouncement on p. 4). Browse Basins (see announcement on p. 3). Record 1994/53. Hi h resolution seismic

Airborne geophysical and digital-elevation- Recdrd 1994/1. Geology and geophysics of survey of the Exmouth, Barrow, and Dampier
model maps and data (see announcements on the offshore Maryborough, Capricorn and north- Sub-basins, North West helf, Australia: cruise

p. 4 and 6).................. :~~!~~.IJ:1.~~..~~~i~~.: ~.:~1!lt~?r. !.\<::T~9 ..~1!.~~~yp..r.?P?~~I; ~__~:~?.'lline (~!.~: 00) 1.

A catalogue ofAGSO publications on computer disk may be purchased from the AGSO Sales Cent e for $15,
which includes postage and handling charges. Once installed on an IBM-compatible computer, the catalogue

can be searched via a menu screen.

·'11:

1$5 in Australia, $15 overseas. 2$10 in Australia, $25 overseas. 3$15 in Australia, $45 overseas. 4$25 in Australia, $60 overseas. Sea rier charge applies.

'Geoscience data storage' workshop
Documentation of findings now avail ble

In August this year, AGSO hosted a one-day workshop to address the iksues faced in storing
and managing large holdings ofgeoscientific information. Organised by the qovernment Geologists'
Database Policy Advisory Committee (GGDPAC), which actively promotes and coordinates data
management and standards issues, this workshop was well-attended by a lross-section of repre­
sentatives from industry, data storage/management companies, Australian ~nd New Zealand geo-
scientific agencies, and Australian Archives. ~

Several themes and issues were explored at tors influencing data reco ery on damaged media,
the workshop - in particular: and the time/brand reliab' ity of 1980s tapes.
o physical standards for storage media; AGSO Record 1994/4 , an 80-page documen-
o data-access needs of users tation of formal presentations and findings at the
o data management issues; workshop, is now availabll for $40 + postage and
o overviews of industry and government data and handling charges of $5 (in !Australia) or $15 (over-

tape holdings; seas) from the AGSO Sales Centre.
o data preservation and access projects; and For further information contact David Berman
o future directions. on tel. (06)2499602, fax 106)2499977, or e-mail

Some important lessons were exchanged on dberman@agso.gov.au.
the advisability of using different media, the fac-
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From late Novemb r, RV Rig Seismic will
spend almost four w eks acquiring deep-seis­
mic data in the Otwa Basin and its surrounds
in South Australian Victorian, and possibly
Tasmanian waters. :his survey (no. 137) will
consist of about 3500 kilometres of 192-chan­
nel48-fold seismic p~ofiling with a 4800-metre
cable and a record length of 16 seconds.

The purpose of the survey is to identify the
underlying crustal fdtures and multiphased de­
velopment history tHat produced the complex
structure. Some lines Iwill extend to the abyssal
plain, and cross the tontinent-ocean boundary
hundreds of kilometr s offshore.

Neville Exon is t e supervising scientist for
the project; Jane Ble in will represent AGSO's
Division of Marine, etroleum & Sedimentary
Resources aboard shi

New horizon maps for the onshore eastern Otway I Basin
During late September 1994 at the 12th Australian Geological Convention in Perth, AGSO released a folio of eleven mts of the eastern Otway
Basin region as another contribution to the National Geoscience Mapping Accord (NGMA) project in the Otway Basin.

AGSO and the Victorian Institute of Earth & mation, image and contours, 1:250 000; is publishing a folio for the western Otway Basin.
Planetary Sciences at Monash and LaTrobe Uni- • isopachs (ms two-way time) for Sherbrook The eastern Otway :asin map folio emphasises
versities have interpreted and mapped four seismic Group, image and contours, 1:250 000; and the complexity of EarlJ Cretaceous rifting events
horizons in the onshore eastern Otway Basin 142'30' along the northern m~tgin of the Otway Basin,
bounded by latitudes 3r50'-38°55'S and longi- Glenelg and shows the extent f the failed rift system in
tudes 142°30'-144°1O'E. The seismic horizons are: ".J0ne the Port Campbell Emb yment and Colac Trough.
top Palaeozoic basement, top Crayfish Group, top 4'OI)'~ . The maps highlight fe tures not previously rec-
Eumeralla Formation, and base Wangerrip Group. % ognised as part of the overall rift system. They

AGSO Record 1994/39 accompanies a folio also highlight the exte t of the Late Cretaceous
containing the following colour maps produced headwall faults in the ort Campbell Embayment
from a Petroseis database: that ultimately formed he landward (and eastern)
• Bouguer gravity anomalies, Otway Basin, TROUGH limit of a lower plate margin during Australia-

1:1 000 000 scale; Antarctica separation.
total magnetic intensity residual anomalies, Products for sale i clude:
Otway Basin, 1:1 000 000; • AGSO Record 199 /39 (text only) - $50;
Bouguer gravity anomalies, eastern Otway • AGSO Record 1994 39 and map folio - $700
Basin, 1:250 000; + map reproducti n costs (currently $220);
two-way time (milliseconds, ms) to Palaeozoic 50 km 26M8

38
'55' and

basement, colour image and contours, I. grid files of two- ay times and time thick-
1:250 000; Eastern Otway Basin map folio area. nesses for four hori ons - $2000 per data set.
two-way time (ms) to top Crayfish Group, col- Other products - s ch as customised displays
our image and contours, 1:250 000; • base map showing seismic lines, well locations, of data, maps at diffe ent scales, and isometric
two-way time (ms) to top Eumeralla Forma- and general geological features, 1:250 000. displays - can be prod ced to special order; prices
tion, colour image and contours, 1:250 000; The maps are part of a new generation of maps will be quoted on app ication.
two-way time (ms) to base Wangerrip Group, for the onshore Otway Basin being published by For further inform tion about the eastern Ot-
colour image and contours, 1:250 000; AGSO and its NGMA partners. The Geological way Basin map folio and other aspects of the
isopach map (ms two-way time) for Crayfish Survey of Victoria (GSV) is publishing a similar NGMA Otway Basin roject, contact Doug Fin-
Group, image and contours, 1:250 000; map folio for the central Otway Basin, and the layson (tel. (06)249976 ,fax. (06)2499972, e-mail
isopachs (ms two-way time) for Eumeralla For- Department of Mines & Energy, South Australia, dfinlays@agso.gov.au).

AIrborne geophysIcal maps and 'essedtotai=iieid';\eromagneiicdatafrom;hichthe' ····Mount..Theo·····:grad'eni=;;nhancedpiier:Tmage
GMA International Geomagnetic Reference Field was re- maps of TMI (redu ed to the pole) and its ver-

data for N projects moved. Minimum curvature was applied to grid tical derivative in olour and grey-scale (pur-
Continued from p. 6 the profile data to a cell size of 4 seconds of arc. chased together) $500 + $33.30 sales tax.
ofthe digital elevation model (DEM) ofthe High- Processing of the grid data in the spectral domain l AGSO has already releas d the resulting package of geo-
land Rocks 1:250 000 Sheet area (SF52-7), and removed asymmetries introduced by the inclination physical maps (TMI and amma-ray spectrometric con-
gradient-enhanced pixel-image maps _ in both of the Earth's magnetic field (i.e., they were re- tours and profiles, and TM pixel images) and data (digital

I . . duced to the pole). For the colour image, histogram point-located and gridded agnetic and gamma-ray spec-colour and grey-scale - oftota magnetic mten- ) d d' (equalisation facilitated the selection of pixel col- trometric, an 19ital el vation models contour maps
sity (TMI, reduced to the pole) and its vertical and digital point-located nd gridded elevation data; see
derivative for the Highland Rocks and Mount ours from the natural palette (magenta high, blue AUS.GEO News 20, for ebruary 1994, p. 6; 21, for
Theo (SF52-8) Sheet areas; a colour pixel-image low), and modulating the colour intensity and satu- March-April 1994, p. 6; 22, for June 1994, p. 6; and
map of the Mount Theo DEM was issued earlier ration enhanced the relief of the TMI gradient. 23, for August 1994, p. ).
this year (see AUS.GEO News 24, for Septem- The grey-scale image represents the first vertical ...----..;;.---::-f----------,
ber-October 1994, p. 6). AGSO's The Granites derivative of the TMI grid data reduced to the Marine sei mic survey of
airborne survey last year acquired the basic data pole. the Otway B sin in progress
for these maps along north-south flight lines 500 For more information about the generation of
metres apart 90 metres above the ground. these pixel-image maps, contact Peter Milligan on

tel. (06)2499224 or fax (06)2499986.
Data for the DEM pixel-image map

The digital elevation model of the Highland Costs
Rocks 1:250 000 Sheet was produced by combin- Highland Rocks colour pixel-image elevation
ing data from the survey aircraft's GPS with the map - $300 + $20 sales tax.
aircraft's radio-altimeter record, as described for Highland Rocks and Mount Theo grey-scale
the Hann River DEM (p. 4), except that the GPS gradient-enhanced pixel-image maps of TMI
height data were sampled every 350 metres (5 sec- (reduced to the pole) and its vertical derivative
onds) and the profile data were gridded to a cell - $250 + $16.65 sales tax each;
size of 105 metres (about 4 seconds) for the High- Highland Rocks and Mount Theo colour gra-
land Rocks model. A contour map of the model dient-enhanced pixel-image maps of TMI (re-
(as a dyeline or transparency), and the digital- duced to the pole) and its vertical derivative
point-located and gridded elevation data for it, - $300 + $20 sales tax each;
were released mid-year (see AUS.GEO News 22, Highland Rocks gradient-enhanced pixel-im-
for June 1994, p. 6). age maps of TMI (reduced to the pole) and
Data for the TMI pixel-image maps its vertical derivative in colour and grey-scale

The TMI images for the Highland Rocks and (purchased together) - $500 + $33.30 sales
Mount Theo Sheet areas were compiled from proc- tax; and
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AGSO commences geoscientific
mapping in Argentina

and the Philippines ( DAB).
Recently complete groundwater studies as

contributions to the re}ab.ilitation of Nauru (RG
and AIDAB) have giv n way to a water-quality
management project i Kathmandu (AIDAB via

Continued on page 13

500 metres apart. The resulting geophysical data,
and Landsat Thematic Mapper (TM) data, will pro­
vide a basis for ground geological and metallogenic
mapping. The geological mapping will focus on
structural relationships, and be supported by pre­
cise geochronological and other laboratory studies.
Other new technologies, such as relational data­
bases, will also support the mapping. An important
component of the project will involve institutional
strengthening through the transfer of technology
and skills.

The project will generate a range of products,
including geophysical image maps, digital eleva­
tion maps, geological maps, structural geology
maps, Landsat TM imagery, basement geology
maps, metallogenic maps, databases, reports, and
geographic information! systems. These will pro­
vide a new geoscientiflc knowledge base to pro­
mote exploration in th~ area.

Australian-Argentibian associations, and
project generation l

Australian compani s are presently at the fore­
front of exploration an' resource development in
Argentina. MIM throu~h Mineria Alumbrera - a
joint venture with Inte~ational Musto Explorations
Ltd - will invest US$600 million in the develop­
ment of the world-clas Bajo de Alumbrera por­
phyry Cu-Au deposit in Catamarca Province. Other
Australian companies t at are active there include
CRA (Famatina prospe t) and BHP Minerals.

The project was co ceived during the visit to
Australia in March 19 3 by a high-level mining
delegation headed by M ning Secretary Maza. Dur­
ing this visit, AGSO a d the Mining Secretariat
signed a Letter of Inten for long-term cooperation
in geoscientific mappi g and research. The sub­
sequent development 0 a Technical Cooperation
Memorandum was grea ly assisted by the Austrade
Offices in Santiago (S nior Trade Commissioner,
Mr Mike Moignard), nd Buenos Aires (Trade
Commissioner, Dr Ces r Fernandez) and strongly
supported by Australia' Ambassador to Argentina,
Mr Hugh Wyndham. e signing of the AGSO
Technical Cooperation Memorandum follows the
signing in May this y ar by Senator McMullan,
Minister for Trade, of Memorandum of Under­
standing on Cooperatio and Consultation between
Argentina and Australi .

More information from Dr Lynton Jaques
(Chief, Division ofReg anal Geology & Minerals;
tel. 61-(0)6-2499745, ax 61-(0)6-2499983).

16/07/60
65'

25'

Location of the project area, Sierras Pampeanas.

leum open-file database (AIDAB).
AGSO has designed and supervised an inte­

grated airborne geophysical survey in Oman (RG),
is currently supervising an airborne survey in Vanu­
atu (AIDAB), and has submitted proposals for
other surveys in Oman (RG), Indonesia (ADB),

Project area
The project area covers 27 000 square kilo­

metres in the Pampean Ranges, where Precambrian
to lower Palaeozoic metamorphics and granite crop
out at the eastern margin of the Andean Mobile
Belt. It was peneplaned in the Cretaceous and in­
tensely faulted (and thrusts formed) in the Pliocene
to Pleistocene. The resulting landscape comprises
easterly dipphlg tilted faults and basement fault­
blocks separated by Neogene sedimentary basins.

The area contains metallic deposits in both the
metamorphic and igneous rocks, but is best known
as a producer of industrial and construction ma­
terials. Mineral resources include gold and poly­
metallic (gold, silver, lead, zinc) vein deposits,
and past production includes tungsten, bismuth,
tin, and manganese. The project area includes the
mining districts of La Candelaria, EI Guaico, La
Argentina, La Bismutina, and Agua de Ramon in
Cordoba Province; the La Carolina epithermal gold
district in San Luis; and the Las Callamas gold
district in La Rioja.

Methodology and output
A low-level airborne magnetic and gamma-ray

spectrometric survey will be flown soon along lines
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AGSO will employ advanced mapping and state-of-the-art spatial technology in a multidisciplinary
geoscientific project recently commenced in the Argentine Republic. Funded by the Argentine
Government as part of a broader initiative to develop Argentina's minerals industry, the project
is a cooperative one between the Argentine Mining Secretariat and AGSO. A major part of this
initiative is to update the geoscientific knowledge base, to provide a modern framework for
exploration and resource development.

The two-year project is being conducted in col­
laboration with scientists of the national geological
survey of Argentina, and operating from the survey
office in Cordoba. Focusing on the southern Pam­
pean Ranges in the provinces of La Rioja, Cordoba,
and San Luis, it will build on the existing infor­
mation established through past geological map­
ping and investigations by the Mining Secretariat,
provincial mining services, and universities.

AGSO's programs*
III. The International Program

Complementing AGSO's core activities, which
are delivered through seven domestic scientific
programs, the International Program facilitates
the delivery of AGSO's contributions to a wide
range of geoscientific projects. AGSO's Inter­
national Program:

coordinates geoscientific activities arising
from: international agreements, development­
assistance projects, and collaboration with
other agencies involved in international work;
promotes the exchange of information and the
development of research between AGSO and
other Australian and overseas agencies; and
identifies commercial geoscientific opportun­
ities relevant to AGSO's expertise.
AGSO's international activities may be broadly

categorised into:
contributions to the coordination of and/or par­
ticipation in global geoscientific research;
support of Australia's foreign-policy, trade, and
development-assistance objectives; and
contributions to commercial projects (including
training and consultancies) which bring substan­
tial benefits to AGSO's domestic programs.
AGSO deploys its own staff and engages con-

sultants as required to fulfil its international com­
mitments. AGSO further employs contract staff
to continue the core activities in its domestic pro­
grams on behalf of permanent staff so deployed.

Over the past five years, AGSO has placed
increasing importance on providing geoscientific
services to agencies that fund overseas develop­
ment projects. AGSO has contributed its services
in the past to several such projects, mostly funded
by the Australian International Development As­
sistance Bureau (AIDAB). AGSO is now seeking
funds for such projects from other sources farther
afield: the Asian Development Bank (ADB), World
Bank (WB), United Nations (UN), and recipient
governments (RG).

International development-assistance projects
recently completed by AGSO have consisted
mostly of geoscientific mapping, offshore seismic
framework studies, and airborne geophysical sur­
veys. While continuing to participate in such op­
erations, AGSO is now also turning its attention
to evaluating and managing environmental prob­
lems - particularly groundwater - and develop­
ing GIS-related database systems.

AGSO's first development-assistance project
was the 1979-89 AIDAB-funded geological-geo­
physical mapping in Indonesia - western Irian
Jaya and west-central Kalimantan. AGSO has just
started a geoscientific mapping project in Argentina
(RG), and has submitted proposals for similar pro­
jects in Vietnam and Laos (AIDAB) and Iran (RG).

AGSO completed an offshore seismic frame­
work study in the Philippines (AIDAB) this year,
and has submitted proposals for similar studies
in Taiwan, PNG, Vietnam, and Indonesia (also AI­
DAB). Proposals have also been submitted for up­
grading the capabilities of an Indonesian research
vessel, and for establishing an Indonesian petro-

*An occasional series. Parts I and II appeared inAus.GEO
News 24, for September-October 1994.

AGSO
• Australian Geological Survey Orgarisation
_ a research organisation of the Department of Primary Induslries & Energy
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on the

Tavurvur volcano, one a the two volcanoes which
erupted with devastating consequences for the in­
habitants of Rabaul in September-October this
year; the other volcano that erupted at the same
time, Vulcan, was not as ociated with a heat-flow
anomaly. The second nomalously high value
might reflect local hot- ring activity.

Plans to install perm nent stations that would
measure changes in the harbour's heat flow, and
therefore provide a warni g of impending eruption,
will be reviewed after more pressing decisions
about the sociological fu ure of Rabaul have been
made. Even so, there is 0 disguising the probe's
potential impact for co stal communities living
with the continuous thr at of volcanic eruption:
it has facilitated the de elopment of a shallow­
water system for manito ing volcanic heat fluxes.
Further, the advances in technology pioneered by
the investigating team ave provided a method
for systematic submarin heat-flow investigations
at shallow depths, whic may find application in
the search for petroleu offshore.

More information fro Dr Trevor Graham (tel.
61-(0)6-2499341, fax 1-(0)6-2499986) or Dr
Wally Johnson (tel. 61-( 6-2499377, fax 61-(0)6­
2499983).

sian, the University of PNG, and Applied Geother­
mEx Pty Ltd set about designing and testing a
probe that would meet these requirements. A suit­
able probe emerged after three generations of de­
signing and testing.

The final design, comprising several inter­
changeable segments, allows the thermal measur­
ing devices (thermistors) to be in direct contact
with the seabed sediments yet not impede pene­
tration, which is driven by a vibration head pow­
ered by a 415-volt power supply. Electronic
devices facilitate the measurement in real time of
both the tilt of the probe's frame on the seabed,
and its penetration to an accuracy of 1 centimetre.
A sophisticated electronics package fitted to the
submerged frame records thermal measurements.

Applied to a survey in Rabaul Harbour in No­
vember 1992, the new probe measured thermal
profiles at 20 sites, and recovered 17 long sediment
cores. The resulting data, combined with those
from a test survey, provided enough information
for Trevor and his team to establish the distribution
of heat flow in the harbour.

Modelling of the data located two anomalies
due to very high heat generation, neither of them
coinciding with the two sites of harbour-floor up­
lift. One of the anomalies was associated with

AGSO contributes to the planning of rehabilitatio
island of Nauru

Advancing heat-flow technology for investigating s bmarine
volcanic hazard in Rabaul Harbour t

. .. and for possible application in offshore petroleum explor tion
AGSO recently completed a five-year investigation of heat flow in Rabaul Harbour (papua New Guinea), which formed rom the sea invading a
300-metre-deep caldera. A report documenting the results of the investigation has been lodged with the funding agency, the ustralian International
Development Assistance Bureau (AIDAB).

Rabaul Volcanological Observatory (RVO) sci­
entists defined a dilemma for the emergency serv­
ices of the PNG Government in the mid-1980s.
They ascribed intense seismicity originating in Ra­
baul Harbour, and uplift of the harbour floor at
two locations, to the upwelling of magma from
a reservoir 4 kilometres below the seabed. The
location of the magma reservoir beneath the sea
made it inaccessible to conventional monitoring
by observatory staff.

At the request of the PNG Government, AI­
DAB engaged AGSO in 1989 to undertake a heat­
flow survey of the harbour, in order to map the
distribution of heat transfer through the harbour
floor. At that time, heat-flaw-sampling technology
was not sufficiently advanced to meet the special
requirements of working in water as shallow as
at Rabaul, where temperature effects from seasonal
currents can distort the measurements of heat flow.

According to AGSO principal investigator,
Trevor Graham, 'Successful shallow-water sam­
pling of heat flow requires an 8-metre penetration
of a probe into the seabed, and 32 thermal meas­
urements to be taken along the probe in order to
isolate the true thermal gradient.'

Trevor and a team of collaborators from RVO,
the South Pacific Applied Geoscience Commis-

According to the terms of the 'Nauru/Australia rehabilitation feasibility study', the Australian Government is helping t plan rehabilitation of
the island of Nauru, an independent nation in the central Pacific Ocean which has been devastated by a century of mining; xcavation of phosphate
has reduced the inland plateau of Nauru to a series of karst pinnacles up to 15 metres high. On behalf of the Govetnment, the Australian
International Development Assistance Bureau engaged AGSO as hydrogeological consultants to identify freshwater-suppl~ sources on the island,
and recommend how to optimise their exploitation.

Hydrogeology and water supply

The Nauru Government's Commission of In­
quiry into Rehabilitation of the Worked-out Phos­
phate Lands engaged AGSO (then BMR) as a
hydrogeological consultant in 1987. Then, geo­
physical surveys by AGSO had indicated that about
500 metres of limestone cap the seamount beneath
Nauru. Joints in the limestone open up by karsti­
fication, creating a permeable substrate that allows
ingress of sea water beneath the island. Drilling
that year for the Commission of Inquiry proved
open-jointed limestone to a depth of 50 metres
below sea level, the maximum depth drilled.

These investigations showed that fresh water
occurs in two areas on the island: in the north­
centre and south-centre. The fresh water forms a
layer 4---7 metres thick overlying a much thicker
layer of brackish water, whose salinity increases
downwards. Sea water occurs at a depth of about
80 metres below sea level.

Fresh water that is currently accessible to the
Nauru people, who live in communities along the
coast, is insufficient to satisfy their domestic needs.
It is derived from rainwater tanks supplemented
by shallow wells, some of which are brackish.
The shortfall in fresh water is met by purchasing
tankered desalinated water.

Rainwater is particularly important: it is the
best-quality water for domestic use, and reduces
the people's dependence on centralised systems.
However, the generally high Nauru rainfall is offset
by a 4-month dry season, and by the El Nino effect,
which causes periodic drought. This source of
water should be optimised by using all available
roof space as a rainwater catchment, and by en­
larging tank-storage facilities.

Groundwater is abstracted from several hun­
dred shallow wells on the coastal terrace. Regarded
as a second-class water source, it is used for sew­
age, gardens, and other secondary domestic pur­
poses, and as a back-up domestic supply in drought
years. Well-water quality varies: about one-third
exceeds the World Health Organisation limit for
drinking water (1500 milligrams per litre total dis­
solved solids); about half is polluted bacteriologi­
cally. The coastal-terrace groundwater would have
to be treated extensively before it could be used
as a source of drinking water.

Groundwater exploitation limits
AGSO and the Australian National University

recently simulated the Nauru Island groundwater
system in a mathematical model. Calibrating the
model with measured salinity profiles, and apply­
ing to it the simulated pumping of bores at different

rates, enabled the effect of salt-water upconing
to be computed. Accardi gly, the model has pro­
vided invaluable data th t can be applied to the
effective managememe t of the freshwater re­
source in the centre of auru: bores, spaced at
least one kilometre apar, should be constructed
so as to draw water only from the top two metres
of the freshwater layer; the safe pumping rate
would be 1 litre per seco d (equivalent to the rate
of groundwater recharg - 800 millimetres per
year), but an increase to 2 litres per second may
be permissible for short periods in the thickest
part of the freshwater la er.

Consequently, a bo efield with four bores
pumping 1 litre per secon and four bores pumping
2 litres per second could e developed in the centre
of Nauru. Producing ab ut 400 cubic metres of
fresh water per day, the b refield would be suitable
for helping to establish p antations in areas under
rehabilitation during the dry season and periods
of drought. Trickle irrig ion would help to min­
imise water loss through vaporation. The aquifer
would be recharged duri g the wetter periods.

More information fro Gerry Jacobson (Pro­
ject Manager for AGSO; el. 61-(0)6-2499758, fax
61-(0)6-2499970) or Col Simpson (Chief, AGSO
Division ofEnvironment I Geology & Groundwa­
ter; tel. 61-(0)6-2499368 .
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Hugging the Arabian Gulf and the Indian Ocean, the Snltanate of Oman may seem an unlikely
place for Australian Government geoscientists to work. Even so, earlier this year, AGSO completed
a three-year contract there with the Omani Ministry of Petroleum & Minerals.

AGSO helps locate
copper-gold deposit in Oman

Groundw~aier"poiiiiiI""Ii"="Nepaf ···········.·.·.···.··w.·

Continued from page /4

Objective and purpos
The objective of th;lproject is to generate re­

liable data (i) for assessirlg the groundwater quality
of the Kathmandu valle and the extent to which
the two aquifers are pol uted; (ii) for quantifying
the water resources; (ii,) for managing these re­
sources in the future; an (iv) for determining the
feasibility of implemen ing groundwater protec­
tion measures. The deri ed information will form
the basis for manageme ,t decisions on water sup­
ply and environmental rotection by government
agencies, and will be available to aid donors.
It is also expected to c~ntribute to the develop­
ment of a groundwater protection strategy.

The project will al 0 generate baseline data
for monitoring Kathman u's groundwater system.

Implementation
The project espouse the Australian Govern­

ment's stated principle 0 considering ecologically
sustainable development as a key objective of tech­
nical cooperation proje ts. Scheduled to extend
from November 1994 t November 1995, it will
combine the profeSSiOtal skills of AGSO and
GWRDB. The incorpor tion of a training compo­
nent in the project wil enable Nepalese hydro­
g.eologists and chemist to participate briefly in
field and laboratory wor for AGSO's 'Australian
groundwater quality aSjssment, project.

Groundwater qualit data for the Kathmandu
valley initially will be assembled from various
sources, and a database established. Groundwater
will be sampled from a out 100 bores in the shal­
low aquifer and about 5 bores in the deep aquifer.
Sampling of the bores, and chemical and bacte­
riological analyses of ie groundwater samples,
will be carried out in tw ' phases: in the first, bores
will be sampled on a road scale to determine
the possible extent of I ollution; in the second,
sampling will focus in more detail on problem
areas defined by the res Its of the first phase, and
on particular pollution ources and particular en­
vironmental tracers. If necessary, more specific
analyses for environm ntal parameters will be
done in Australia, but t e GWRDB laboratory fa­
cilities will be upgraded s far as possible to ensure
that the groundwater c n be tested there for an
adequate range of envi onmental parameters.

The groundwater da abase will be linked to a
geographic information system, to facilitate the
output of maps showing the extent of specific pol­
lutants. The GIS will Iso facilitate the overlay
of surface-water-quality information and maps of
pollution sources, and nable the project team to
identify land and water management problems.

More information fr m Gerry Jacobson (Pro­
ject Manager for AGSO, tel. 61-(0)6-2499758, fax
61-(0)6-2499970) or C 1 Simpson (Chief, AGSO
Division ofEnvironmen al Geology & Groundwa­
ter; tel. 61-(0)6-24993 f'
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stage of the survey in October-November 1992,
when he visited the two survey areas in order to
provide the field control necessary to interpret the
geophysical data. His work greatly increased the
prospectivity of northern Oman for further copper
discoveries by identifying extensively subcropping
basalt (part of the Samail Ophiolite), host rocks
to copper deposits elsewhere in Oman. He also
identified widespread and locally mineralised areas
of alteration that correspond with demagnetised
zones in the basalt.

After integrating these and previous geological
observations with their interpreted geophysical
data, World Geoscience Corporation derived a
series of solid geology maps for the two areas.
The magnetic signatures of the rocks distinguish
the areas of alteration on the interpreted solid
geology maps.

Outcomes
The Omanis judged the survey to be a success

as it led to the discovery of a new copper-gold
deposit in the RHS area. The magnetic anomalies
derived from the survey facilitated the mapping
of the volcanic host rocks. A follow-up ground
geophysical survey (by World Geoscience Corpo­
ration under a subsequent contract) using transient
electromagnetic and induced polarisation tech­
niques identified exploration targets in the vol­
canics. A hole drilled to test an electrical anomaly
intersected 8.35 metres of massive sulphides as­
saying 2.64% en and 1.04 grams per tonne of Au.

More information about the geophysical com­
ponent of the survey from Dr David Denham
(Chief, AGSO Division of Geophysical Obser­
vatories & Mapping; tel. 61-(0)6-2499267, fax
61-(0)6-2499986), and about the geological
component of the survey from Dr Lynton Jaques
(Chief, Division of Regional Geology & Miner­
als; tel. 61-(0)6-2499745, fax 61-(0)6­
2499983).

Locations of the two survey areas.

Airborne geophysical component of survey
The first stage of the survey was a high-reso­

lution airborne geophysical survey along lines
200 metres apart 80 metres above the ground. The
contract for this was awarded to World Geoscience
Corporation, an Australian company, which ac­
quired 49 351 kilometres of aeromagnetic and
gamma-ray spectrometric data over the two areas
between January and April 1992. AGSO provided
on-site supervision for the survey, and sent Mario
Bacchin on two supervisory visits to ensure that
the adopted procedures and acquired data met the
technical specifications. In addition copies of the
digital data were forwarded to AGSO in Canberra
for quality control.

The resulting survey output from the contractor
included point-located and gridded digital data,
and a suite of maps (profile and contour) and im­
ages at 1:50 000, 1:100 000, and 1:250 000 scales,
which were used as a basis for the field mapping
and the geological interpretation. From the geo­
physical data, the contractor also generated a series
of interpretation (geomagnetic) maps.

Field geological component of survey
AGSO's Peter Stuart-Smith undertook the final

IIi early 1990, the Ministry of Petroleum &
Minerals asked AGSO (then BMR) to provide one
or two geoscientists, experienced in geological and
geophysical mapping, as consultants to help pre­
pare tender documents for a combined geophysical
and geological survey in selected areas of the Sul­
tanate of Oman. Accordingly, AGSO's Lynton
Jaques and Ian Hone visited Oman to review all
available data, design an appropriate project, and
develop specifications for the proposed survey ­
in the Batinah coastal and highly prospective Raki­
Hayl as Safil (RHS) areas. The tender documents
for the survey were completed at AGSO and for­
warded to the Ministry in April 1990. As a result
of their visit, the Ministry awarded a contract to
AGSO to assess tenders and supervise the survey.
AGSO evaluated the tender bids that were sub­
mitted, offered advice for awarding the contract,
and recommended appropriate survey procedures.

Purpose and objectives
The survey was designed to map the distribu­

tion of rock units and structures, especially those
beneath the Plio-Quaternary cover in the coastal
area. Of particular interest in this area was the
mapping of the subsurface distribution of the upper
units of the Samail Ophiolite, which are prospec­
tive for base metals - particularly copper. Sub­
cropping Samail Ophiolite in RHS, and a gossan
identified there in 1985, helped to secure the in­
clusion of this area in the survey. In addition, the
survey would constitute a pilot for assessing the
applicability of systematic geophysical mapping
throughout the country at a later date.

The survey's main objective was to generate
data necessary for assessing the mineral potential
of both areas. The data, and maps derived from
them, will also assist studies of the ground­
water resources and hydrocarbon potential in
the sedimentary rocks below the Batinah
coastal area.
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A collaborative offshore survey boosts petroleum exploration
in the Philippines

In September 1988, the Philippine Government formally requested Australia's help to develop an offshore seismic surtey program in selected
basins of the Philippines.

Assessing groundwater
pollution in Nepal

cal analyses. Volume 3 comprises 36 large-format
monochromatic time-structure and bathymetric
maps, and volume 4 is an atlas (roughly Bl) of
30 colour folios (regional structure maps, and mon­
tages describing in detail each of the hydrocarbon
prospects revealed by the project).

AGSO also has seismic sections and stacked
tapes available for sale.

More information on the survey and its out­
comes from Dr Chris Pigram (acting Chief, Di­
vision of Marine, Petroleum & Sedimentary
Resources; tel. 61-(0)6-2499327, fax 61-(0)6­
2499986); and on products from Chris Johnston
(tel. 61-(0)6-2499353, fax 61-(0)6--2499981).

SOUTH
CHINA
SEA

23/05/139

RV Rig Seismic's survey areas (red screen) in
the Philippines.

A palynological study was commissioned in
an effort to improve age dating of sediments en­
countered in exploration wells. Samples of oil and
gas were collected from natural seeps and old ex­
p�oration wells in the Bondoc and Bicol Peninsulas,
to investigate the types, depositional environments,
probable ages, and maturation levels of the rocks
in which they were sourced.

The seismic data were processed in Australia,
integrated with reprocessed exploration data from
other sources, and interpreted for petroleum po­
tential; AGSO staff provided on-the-job training
to DOE personnel in these facets of the project.
This work started in June 1992 and finished on
schedule and below budget on 30 June 1994.

Benefits and outcomes
The project provided the following benefits to

the Government of the Philippines:
independent assessments of the petroleum re-
source potential, and information necessary for AGSO has just started work on a collaborative
designing, .awarding, and managing explora- technical project with Nepal's Groundwater Re·
tion permits; sources Development Board (GWRDB).
up-to-date petroleum databases in four areas; This project evolved after a poster on ground-
an Australian-designed computer-based map- water pollution in the Kathmandu valley had
ping system to assist with continuing studies aroused the interest of AGSO principal research

The Australian International Development As- of all Philippine sedimentary basins; hydrogeologist, Gerry Jacobson, at an international
sistance Bureau (AIDAB) asked AGSO to review training of Filipino scientists in many aspects hydrogeological conference. Believing that his
the request. This was done in December 1988 in of petroleum exploration which will enable skills and experience would enable him to help
consultation with geoscientific staff of the Phil- DOE to carry out similar basin analyses in find a solution to the pollution problem, Gerry
ippine Department of Energy (DOE), and identi- the future; and visited the area, held discussions with GWRDB
fied offshore areas where additional seismic data increased industry awareness of petroleum po- officials, and outlined a remedial plan to the Aus-
might promote exploration and the discoveries nec- . tential in the Philippines. tralian Ambassador to Nepal. Impressed by Gerry's
essary to reduce Philippine dependence on im- The project had a total budget of $A5.011 mil- plan, Her Excellency Annmaree O'Keefe is do-
ported petroleum. lion, ofwhichAIDAB contributed$A4.881 million nating up to $100 000 to fund the project.
Objectives and activities and the Philippine Government the rest. The problem

Subsequent meetings in Manila and Canberra The results revealed eight oil and gas prospects An environmental crisis has struck the Kath-
d f· d h f II . b' . f h . and leads in the Ragay Gulf, three in each of Tay-e me teo owmg 0 Jeclives or t e project: mandu valley, which supports a burgeoning popu-

. h kid f t I abas Bay and the northeast Palawan Shelf, andto Improve t e now e ge 0 pe ro eum lation of over one million city dwellers. The valley
.. f I d d one in the Cuyo Platform. The basic data and analy-prospeclivlty 0 se ecte areas, an promote has several interrelated environmental water prob-

. I .. f fut Ph'I" ses of regional geology, structure, basin evolution,potenlia Opportumlies or ure I lppmes- lems, including a meagre and contaminated water
A I··· I t' d and petroleum prospectivity were made availableustra 1a Jomt-venture exp ora IOn; an supply: domestic water is supplied to the city for

. th Ph'I' . G t t . initially to interested Philippine and Australian pe-to aSSIst e llppme overnmen 0 acqmre only two hours a day, and commonly carries patho-
h k 'll I ff t' .. t troleum exploration companies who were part oft e SIS to p an e ec lve seIsmIC surveys; 0 gens. The sewerage system is inadequate, so much
b · d . .. d t d th a 34-company consultative group.o tam an mterpret seIsmIC a a an 0 er pe- of the waste ends up in the rivers. An uncontrolled

I I t d . f t' d t DOE opened the Ragay Gulf area for petroleumtro eum resource-re a e m orma IOn; an 0 expansion of the carpet industry has resulted in
h f fu t I I t· permit applications in October 1993 and the re-use t ese to ocus ture pe ro eum exp ora IOn. up to 1000 factories releasing toxic effluent into

Th . t . df' t maining three areas in April 1994. One consortiume proJec compnse our major componen s: the environment. Problems are compounded by de-
d . . . d . d t . t t' - consisting of Australian, Philippine, and Ameri-ata acqulSltlOn an processmg; a am erpreta IOn ficient solid-waste-disposal practices, lack of urban

d . . . d' t t can oil companies - was awarded a pennit in west-an presentatIOn; trammg; an proJec managemen, planning, and ineffective environmental protection
.. d . em Ragay Gulf. Other companies - including Shell,

momtormg, an promollon. legislation. lMobil, Arco, and Santa Fe - are currently evalu-
Data acquisition and processing ating the survey data from the Ragay Gulf with The pollution now a pears to be affecting the

AIDAB approved funding for the project in a view to taking up acreage in the near future. tourist industry, a vital c ntributor to the Nepalese
December 1991. Between March and May 1992, economy; in 1993, the umber of tourists appar-
Australian and Filipino scientists and technicians Products ently decreased by 15 ,er cent from 1992.

Groundwater constitutes 50 per cent of theaboard AGSO's RV Rig Seismic surveyed four AGSO has issued the survey results as a hard- ~

areas - northeast Palawan Shelf, Cuyo Platform, cover four-volume package - Record 1994/41, Kathmandu city water s pply. It is abstracted from
Tayabas Bay, and Ragay Gulf. They acquired which costs $5000 + courier charge. Volume 1 both shallow and deep a luvial aquifers. The shal-
2750 kilometres of 192-channel seismic data, (text) comprises a separate, illustrated report for low aquifer apparently is polluted, and parts of
6000 kilometres of direct hydrocarbon detection each area surveyed. A comprehensive collation of the deep aquifer may be too. However systematic,
('sniffer') data, and other geophysical (gravity, appendices (volume 2) includes geohistory models reliable data on ground Ivater quality are lacking.
magnetic, and bathymetric) data. of the four areas, and geochemical and palynologi- Continued on page 13

AGSO A US. GEO International is compiled by the Corporate Publications Section of AGSO's Division of Marketin1 & Corporate Relations,
and issued free of charge twice a year. The camera-ready copy for this issue was prepared by Lin Kay.

• AUS.GEO International is packaged both as a separate newsletter and as a supplement to AUS.GEO News, ~GSO's free bimonthly
promotional and marketing newsletter. Recipients may choose to be placed on the subscription list for eit~er of these newsletters.

_~ For subscription enquiries, contact Charlie Modrak, tel. 61-(0)6-2499111 (extn 9623) or 2499623 (direct), fax 61-(0)6-2499982.
~ Correspondence relating to other aspects ofA US. GEO International should be directed to Geoff Bladon, Editor,~US.GEO International,
~E;:,i'O~tcAi~ci,~~ Australian Geological Survey Organisation, GPO Box 378, cnr Constitution Avenue & Anzac Parade, Can~erra, ACT 2601;
0"" ON" A>' 0 N tel. 61-(0)6-2499111 (extn 9139) or 2499139 (direct), fax 61-(0)6-2499987, e-mail gbladon@agso.gov.au.

14



INTRODUCTION

BACKGROUND INFORMATION

NORTH BRUNY ISLAND

INVESTMENTS

533 900 mE
5215 000 mN

-25 mASL

CONDOR OIL

A PROGNOSIS FOR A STRATIGRAPHIC
HOLE

The knowledge of this old drilling programme and the company behind
it was forgotten for nearly sixty years. As were the seepage reports.

The most important of these wells was .Johnstone· s Well drilled in
1929. The site is shown in Figure 1. AltllOUgh it reached a depth of
less than 50 m and no reliable records of formations or hydrocarbons
encountered have survived some oil was recovered. It was a light oil
and was stored in drums at the site. It was not analysed and none has
been preserved. Its source is unknown. Tbe well did not penetrate
deeply into the Permian succession due to jamming.
The deepest drilling in the area. at the north end of the isthmus.
was to 135 m and this does not appear to have encountered the thick
doleri te sheet which could have been expected at this approximate
depth.
Any hydrocarbons found in the area. or these holes. must have drained
from, or through. the Deep Bay and. more probably. the Minnie Point
Formation which includes porous sandstones.
A number of other seepages have been reported in this same general
area and all occur in rocks at about the stratigraphic level of the
Minnie Point Formation. All these units are Permian in age. Hany of
these seepages. and tar coatings. have been found around Variety Bay.

Location:

The site chosen stands above Variety Bay on the eastern coast of
North Bruny Island and overlooks Storm Bay. See Figure 1.

Pet roleum produc ts have been reported on North Bruny Island for
several decades and active exploration was undertaken more than sixty
years ago.
Several "ells have already been attempted in the Great Bay and Big
Lagoon region. All have been limited by the funds and equipment
available. The details of this drilling and the companies involved
were described by Bendall (1991).

The well defined and described in this prognosis is the first well to
be drilled by Condor Oil Investments in Tasmania.
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Exploration was renewed by Conga Oil in 1984. The new exploration
incorporated an initial literature search and relocation of reported
seepage sites. The si te of Johnstone's Well was found and samples
taken of muds, soil and local fluids. These confirmed the trace
presence of hydrocarbons and the chemistry was consistent with a
source wi thin the Ordovician Gordon Group limestones of southern
Tasmania. Unfortunately the trace amounts recovered do not permit any
definite conclusions or complete appraisal of the oil - as might a
small jar of the actual oil.
The exploration was expanded to include regional gravity and magnetic
surveys (Figures 2, 3) which were interpreted to suggest that
possible source rocks may exist to the west and southwest but were
most unlikely beneath ~orth Bruny Island itself (Figures 5, 7). This
was essentially confirmed by the trial seismic traverse along the
ridge from Trumpeter Bay to Church Hill (Figure 4). The geophysical
analyses were primary and regional but did provide an understanding
of the setting of the region, possible locations of critical
structures and older basins, and a context for migration paths
(Figure 6). Some work was begun to crystallize the detailed local
set ting of \orth Bruny Island but this work was never funded nor
completed. Samples of the initial analyses are reproduced in Figures
8 and 9 and this incompleted evaluation provides the information used
for location uf the present well proposal. Complete details of the
status of exploration studies (geophysical and geochemical) actually
completed may be found in Leaman (1990, 1991 and Carne, 1992).
There remains scope for much more work but further work would be
enriched by some new control information; including depth to basement
and seismic velocities.

The seepages recorded in the area can be understood in terms of the
structures described regionally. A reservoir to the west, sealed by
the base Permian unconformity. may leak up dip to the large dolerite
feeder near Ford Bay or the faults marginal to Storm Bay which were
reactivated throughout the Tertiary. Given the thermal history of the
region it is possible that actual generation did not commence until
the Cretaceous and may still be occurring (see Carne, 1992).

Ear lier drilling programs may have intersected some near surface
migration paths. As would the newer fault fracture systems. All
leakage appears to occur slowly and there is no evidence of any high
pressures. The associa tion of seepages with seismic activity also
suggests a tight, low volume system above the unconformity or seals.

Consequently any new well drilled in the North Bruny region must have
a conceptual or stratigraphic basis with the direct aim of further
sampling any migration paths and confirmation of sequence.
Such a well would provide proof that oil is indeed migrating through
a viable fracture net and that either generation is continuing or
that there may be a large reservoir nearby. A reasonable sample would
also resolve many of the source and generation issues since it would
allow exhaustive chemical analysis.
These are the primary objectives of this well .
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WELL PROGNOSIS

HISTORY OF PROPOSALS

Drilling of the site was again proposed in 1991 (Bendall, 1991).

on North
of this

older than the Deep Bay Formation outcrops
and the site selected lies near the top

Surface to 20 m Minnie Point Formation sandstone/siltstone
20 50 m Deep Bay Formation foss. mudstone
50 - 400 m doleri te

400 - 450 m Deep Bay Formation foss. mudstone
450 - 550 m Bundella Formation foss. mudstone
550 - 700 m Woody Island Siltstone mudstone
700 -1000 m Truro Tillite tillite

unconformity
1000 Precambrian schists

The prognosis for the well is

Final stage evaluation of the geophysical and structural information
available, however, did indicate that the Johnstone's Well site may
not provide an optimal stratigraphic section. The nearness of a
dolerite feeder and the risk of thickened dolerite coupled with a
higher stratigraphic level meant that any hole at the old site may be
several hundred metres deeper than one across the hill. This issue
became important to the company fel t the loss of its own drilling
equipment and funding became more restricted in the 1990-1993 period

Any drilling programme is dependent on the exploration undertaken and
in this case only limited regional analysis has been completed.
Site selection has been judged, therefore, on the basis of minimum
depth to basement (in order to establish the stratigraphy of the
region), the loci of seepages (in order to maximise opportunities to
sample the migration path) and good drilling conditions.

3000SD

Conga Oil proposed re-drilling of the Johnstone's Well site in 1987
in order to prove the veracity of the old records, obtain a small
sample and complete chemical appraisals. The recovery of even a small
sample from a fracture or bedding seepage would also have been of
considerable financial benefit to both the project and the company
since it would have established that parts of Tasmania do have
petroleum potential - a possibility that had been long dismissed in
both large company and government circles and whose attitudes made
financing of the exploration difficult indeed. The company itself had
sufficient confidence in the project to employ a drilling engineer,
review used equipment in ~orth America, and to purchase a rig with a
capacity in excess of 2500 m. This equipment was never imported into
Australia for reasons beyond the scope of this prognosis and became
the source of considerable financial loss to the shareholders.

:.io formation
Bruny Island
formation.
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Some key unknowns are included in this prediction.
a) Thickness of dolerite. 350 m is an average estimate.
b) Only one dolerite sheet is presumed. Two are possible but

a basal sheet may be relatively thin.
c) Thickness of tillite. This may vary from nil to 700 m.
d) Thickness of the Deep Bay and Bundella Formations. The estimates

are representative of local formations hut a variation of up to
50% is possible.

Items c) and d) depend upon the location of this site with respect to
the basin deposition axes. All formations older than the Minnie Point
Formation may occupy active rift stages and their thickness thus
depends on the location of this site with respect to the block
rotation of the rift. Insufficient work has been completed in
southern Tasmania to establish this with certainty but if older
structures have been rejuvenated then it is possible that this
eastern location is comparable with Glenorchy where the tillite was
absent.

Hydrocarbons seepages could be encountered at any level and very
careful monitoring of fluorescence within the core recovered will he
essential. The site itself has been selected with regard not only to
the position of exposed faults disturbed along the Storm Bay coast
during the Tertiary but also the likely Jurassic disposition of
faults - several of which are either no longer exposed or disguised
by intrusions. A comparison of Figure 8 and the regional geological
map of the area (Kingborough) will indicate some of these
differences. The surface geological map is not, in itself, a reliable
guide to fracture foci or faults. The coalescence of structures east
of Church Hill and south of Variety Bay may well account for the
number of small seepage sightiogs in this part of the island.

The wcll "ill also be used for seismic velocity tests in order to
permit review and reprocessing of seismic data.

WELL REQUIREMENTS

Type of well:
Two types of pctrolcum-related wells may be defined (e.g. Carne,
1991) :
1. Exploration well (wildcat) is one drilled to discover whether
previously untested trap conditions contains oil or gas, and
2. Stratigraphic well drilled solely to obtain subsurface information
on sediments, structure, organic maturity and provide control for
geophysical purposes.

The proposed well falls within the second category.

No speci fic target or source is proposed; indeed. all regional work
suggests that the primary target for wildcat drilling lies several
kilometres to tile west.

The well will be a small diameter diamond hole ('N') which will be
continuously cored (a sllallow pre-collar may be prepared - option) .



HOLE NAME

The name designated for this well is SHITTI~-l.

well apply to a hole aimed
petroleum reservoir structure

open hole mud-control methods.

special requirements
of drilling fluids.

The name has historical significance as the place where both a new
start and a turning point was achieved. This is clearly what is hoped
for on North Bruny and for the company. I t might also mean a new
start for the way in which this state is viewed by petroleum
explorers. It is also the name of an attractive tree whose relatives
are common in this country and which produces a useful light oil.

This name has a number of important connotations - for both the
company and the area.

Prognosis submitted on behalf of Condor Oil Investments

by (-0 _~CCLCVV\
. lLfu,JJUl Qe"'rlF 19/'l/cr l.f
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A diamond hole to a depth of 1000 m needs few
beyond those normally specified for control
access and landholder compensation.

Detection of hydrocarbons:
It is expected that fluoresence methods will be required to detect
any hydrocarbons in the hole/core since no large flows are
anticipated in any formation given thc seepage styles and seismicity
relationships.

Comments on equipment experience:
The history of all previous drilling of this type within Tasmania
supports this view. No Mines Department diamond drilling has ever
required any special equipment. including the 1000 m hole at nearby
Woodbridge. No problems have ever been encountered with high pressure
hydrocarbons including the Douglas River hole drilled by the
department. and which is still flowing gas. Other drilling in regions
with oil shale. whether for the shale or for groundwater, have ever
posed pressure problems. The much deeper mineral exploration holes in
western Tasmania have. likewise. not presented any experience of
problem conditions even though gas risks may increase with depth in
any basement type.
The Variety Bay area is not noted for large seepages. or very gassy
ones, and there is no ground for any expectation of incidents. The
load of a full drill stem in a limited diamond hole is clearly safe
given all past experience. Were special regulations to be imposed on
this hole. as has been suggested to the company. then this company
would respectfully insist that they should also be applied to every
water bore in Tasmania and all mineral holes in western Tasmania as
well. It would also ask wh~' government drilling did not operate to
comparable standards.
Quite different requirements might
directly at a fully investigated
drilled using standard exploration
This is not such a hole.
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Registered office:
3 MALUKA STREET. BELLERIVE. TAS. 7018

All correspondence to:
GPO BOX 320 D. HOBART. TAS. 7001

Telephone: (002) 44 1233
Fax (002) 44 6674

November 21, 1994

Ms C A Bacon,
Managing Geologist,
Hydrocarbons and Tenements,
Mineral Resources Tasmania,
PO Box 56,
Rosny Park Tas 7018

Dear Ms Bacon,

Mr M Bendall, of Condor Oil, has asked me to prepare a statement
about the objectives and needs of his proposed stratigraphic hole
"SHITTIM 1" for you.
The following summary essentially restates what was included in my
prognosis for this hole. That prognosis was prepared, and the hole
specified, on the following bases only.

1. The hole is to be diamond-drilled at core sizes H or equivalent
pre collar(near surface) and N (remainder).

2. It is to be drilled for stratigraphic purposes only and to permit
geophysical logging and seismic velocity tests.

3. No specific hydrocarbon target is proposed or inferred; nor can
any be defined at present.

4. There is no expectation that drilling characteristics in this
hole, or hydrocarbon encounters, will differ in any material way from
comparable stratigraphic holes previously drilled in SE Tasmania.

The prognosis fully discusses these issues.
Any major change, by the company or driller, of hole type (other than
of any pre-collar), depth range, drilling method or objective might
well change these presumptions. I have indicated to Mr Bendall that I
would prefer he avoided the use of a pre-collar since some shallow
information might be lost in the subsequent dependence on down hole
logging methods near surface. Full chip samples should be retained if
a pre-collar is drilled.

Yours faithfully,

(0-~~~~
Dr. D.E. Leaman
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MURRAYFIELD TRAVERSE
NORTH BRUNY ISLAND
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EXAMPLES OF INTERPRETATION MODELS AND CHARACTER
GRAVITY FIELDS IN SOUTH EAST TASMANIA

OF MAGNETIC
FIGURE 5
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OF STRUCTURAL INFORMATION DEDUCED FROM GRAVITY AND
DATA IN SOUTH EAST TASMANIA. See also Figures 58, 5D,
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SUMMARY
MAGNETIC
5E.
A: Location and orientation of Jurassic dolerite feeders. The
pattern is non random and is related to older flexures.
B: Trend summary diagram, all data. Labelled structures
exemplify major axes rejuvenated.
C: ConTours in km below sea level of
basement.
D: Contours in km below sea level of base of Cambrian (?) units

incl. volcanics. Gap between C and D represents a variable
thickness of Late Precambrian dolomitic sequences.
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NATURE OF GEOLOGY INFERRED BENEATH PERMIAN UNCONFORMITY IN
SOUTHERN TASMANIA
(based on initial geophysical interpretations. Provisional)
Note that distribution of Ordovician-Silurian rocks is not yet
well defined and will be the subject of second order refined
analysis. The indicated fold systems are likewise sketchy at
this stage.
Compare this plan with sections and basin structure contours in
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CONDOR OIL INVESTMENTS NORTH BRUNY WELL
SKETCH MAP: PART OF INCOMPLETE 3D INTERPRETATION OF NORTH
BRUNY REGION SHOWING LOCATION AND CONTINUITY OF DEEPER
FAULTS
Analysis by Leaman Geophysics 1988 FIGURE 8
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SKETCH SECTIONS: VARIETY BAY AND GREAT
Upper section through well site .
Draft section by Leaman Geophysics 1988
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PECTfL ENGINEERING SERVICES

WHEN REQUIRED BY HALIBURTON

PONTIL PTY LTD
DRILLJNG CONTRACTORS
JANNALI RD DUBBO NSW 2830
TEL (068) 884 2722 FAX (068) 842 697

PONTIL

WHEN REQUIRED BY EXLOG

PECTIL ENGINEERING SERVICES
TEL (09) 481 3322, FAX (09) 481 3330

EDIVARDC MCNALLY

PONTIL

WHEN REQUIRED BPB AUSTRALIA

DR CLIVE BURRETT

CONDOR OIL INVESTMENTS PTY LTD
BLACKMANS BA Y
TASMANIA
TEL (002) 296 576, FAX (002) 292 153
MR MALCOLM BENDALL

PECTIL ENGINEERING SERVICES

PONTlL

BLOWOUT PREVENTER STACK

DRILLING CONTRACTOR

Shittim lA
Contingency Well plan

DRILLING ENGINEERING

PRODUCTION TESTING

MUD LOGGING
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DRILLING SUPERVISOR
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Shittim lA Well Configuration

Conductor 8.5" PW 5.5 139.7 4.94 125.5 23.14

Surface Hole 5.5" HW 4.5 114.5 4.00 101.4 16.83

Intermediate 3.782" HQ 3.5" 89.0 3.063 77.8 11.45

Objec1ive Hole 2.98 NQ 2.76 70.0

Shittim IA Drilling Program
Hole Casing: Drilling •••••• Max Mud ••••• Bit> i
Size Size Meth(]d > Depth > ."<;vd.'" . ........ .....

Conductor 8.5" PW Mud Rotary Consolidation FWfGel Tricone

Surface Hole 4.875" HW Mud Rotary 150 m FWfGel Button Tricone

rntcnnediate 3.782" HQ Diamond Core <450 m Brine Polymer Impregnated

Objective Hole 2.98 NQ Diamond Core 1,000m 8rine Polymer !mprcgn:lted

I
I
I
I
I
I
I

Depth

0- 20m
20 -- 50m
50 - 400m

400 - 450m
450 - 550m
550 - 700m

700 - 1000m

>l,OOOm

Shittim IA Geological Prognosis
Formation

Minnie Point Formation
Deep Bay Formation
Dolerite
Deep Bay Formation
Bundella Formation
Woody Island Siltstone
Truro Tillite
Unconfonnity
Precambrian

4

Lithology

sandston e/s iltstone
fossiliferous mudstone

fossiliferous mudstone
fossiliferous mudstone
mudstone
tillite

schists

I
I
I
I
I
I
I
I
I
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UDR 1500 DRILL RIG DESCRIPTION

Universal 1500 all Hydraulic Top Drive

I
I
I
I

Mast

Power

Rota tion Head

Rotation Head Torque

General Features

16 m length with 12 m rod pull capacity

172 kW GM 6-71N Diesel, 2100 <pm

Top drive direct couple. High-Low manual gear range
5-380 <pm low range, 380-1500 high range
Stepless speed range
Max 6,800 Nm low range, 360 Nm @ 1,500 <pm high range
Fully auwmatic torque :speed control running diamond bits at maximum
50 mm (2") ID floating holJow spindle, jet lubricated gears and bearings
possible rpm using maximum available horsepower
\Vater to oil heat exchanger.

I
Head Tra,,'crse Hydraulic cyljnder over chain with 7.32 rn of traverse

Max traverse speed 24 m/min up and 18 m/min down
Hydraulic head racks back in top mast

I Pull Down
Pull Up

7,000 kg
15,000 kg

I
I

W[ltcr Pump

Rod Breakout

2 * FMC Bean triplex pumps
Rated 140 LPM (36 USG/min), 7,000 kPa (700 psi)

Hydraulic Rigid Still sons
9,500 Nm makeup torque, 12,000 Nm breakout torque

Height
3.6 m

Width
2.5 m

\,\.'eight Length
19,500 kg 16m
Bare drill on hydraulic jackup tray

2,000 m of 10 mm (3/8") wire rope. 1,800 kg full drum pull at 260 m/min

44.5 mm (1.75") to 168.3 mm (6.625") in rod clamps with 8.75" clamp opening
Hydraulic, self energizing with hammer wrenches and bit baskets

Axial and radial piston pumps designed with 3 .independent open loop circllts
(Main - Water - Cylinders)

Rod Clamps

Rig Dimensions

Hydraulics

Wireline \Vineh

0 ~

Drilling Hole Rod Rated Diamond
Method Size Size Depth Core

A,,/DHH 127 mm 73 mm 816 m

Mud rotary 165 mm 89 mm 663 m

Diamond Core 122.6 mm 117.5 mm 900 m PQ

96.0 mm 89 mm 1,200 m HQ

75.7 mm 70 mm 1,800 m NQ

60.0 mm 56 mm 2,300 m BQ

I
I
I Ria Depth Ratin a

I
I
I
I
I 5

I
I'ECTIL ENG1"JLEHJNG ~6 COLIN Sll~[[T wl~ST I'[RTII WESTERN AUSTRAlI,\ G005 TEL (61 'J)4SI 3]2"2 FAX (6 \?) ~s \ DJO



Pcctil Engineering Services
Oil & Gas Drilling Engineering ConsulLtnls

Shittim IA
Contingency Well plan

I
I
I

DRILLING SCHEDULE AND ESTIMATED EXPENDITURE
Hours CostActivity

Intangible Items
Rig Mobilisation Dubbo to Bruny Is
Establishment unpack / rig up
Drill and set conductor pipe
Mud rotary drilling to 150m surface HW casing point.
Conditioning hole
Run and cement surface HW casing
Install and test Blowout Preventer
Diamond HQ core drill to <450m intermediate casing point.
Condition hole
Run and cement intennediate HQ casing
Install and test Blowout Preventer
Diamond NQ core drill to Total Depth
Condition hole
Surveying
Cement abandonment plugs
Disestablishment rig down 1 packup
Demobilisation Bruny Is. to Dubbo
Miscellaneous Imangibles

Tangible ltems
BOP
Drill Fluids
Casing and Cement

Management
Consultant Drilling Supervisor
Consulting Geologist

Totals

(72)
( 12)

o
36
12
18
12
36
36
18
6

165
24
4

24
( 12)
(72)

24 days

$7,500
$$2,500

$5,250
$6,000
54,500
53,000

$35,000
$9,000
$4,500
$1,500

$57,600
$6,000
51,000
56,000
$2,500
$7,500
$3,000

$6,000
55,546

$11,880

$7,500
$3,500

5196696

I
I
I
I
I
I
I
I
I
I
I

Anticipated Drilling Rates

Rig Hourly Rate 5200 and $250/hour I
Drilling Rates

Pre-Collar

HQ Coring

Depth
0- 100m

100 -200m

0-600
600 - 800m
800 - 1000 m

Cost
$24 i m
$28/m

569/m
$90/m
$IOO,m

6

47/8" Depth Cost
Rotary Drilling 0-100m 528

100-200m $30
200-400m $35

NQ Coring 0- 600m $68 i m
600 - 800 m 579/01
800 - 1200 m $90/m
1200- 1600m $IOO/m

I
I
I
I
I
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CONTRACTS SUMMARY
Description
Location access, site survey and restoration
Mobilisation I Demob
Establishment I Disestablishment

Water trucking
Water bore and materials

\Vell site drilling supervisor
Rig Hire
Wages and on costs
Camp hire and catering

Fuel & lubricants

Mud chemicals and engineering

CommuniC~Hions

Miscellaneous intangibles

Cement and chemicals
Cementing plant rental
PW, HW & HQ Casing and casing handling
Casing tooling

DST tool rental

Core equipment
Core handling and core analysis

Portable cellar
Blowout preventer equipment rental
Kill and test pump
HW well tlange

Downhole drill nod casing tooling
Ancillary surface mud handling eqUIpment renlJl
AncillJry mud surface equipment
Mud Jogging
Geophysical wireline logging

Materials transport
Personnel transport

Rig Insurance
Well overheads (3%)
Well Insurunce
Office and administrarion

7

Supplier

Condor Oil Investments Pty Ltd
Ponti I Drilling Contractors
Pontil Drilling Contractors

Hazel 8rs. Construction
Ponti} Drilling Contractors

E. C. McNally
Pontil Drilling Contractors

Hazel Brothers Construction

Ponti I Drilling Contractors

Saroid/ANtC (Tasmania)

Pontil Drilling Contractors

Readymix
Ponti! Drilling ContrJctors
Pontil Drilling Contractors
Ponti) Drilling Contractors

Lynes as required

Ponti I Drilling Contractors

Pectil Engineering
Pectil Engineering
Ponti I Drilling Contractors
Pectil Engineering

Pontll Drilling Contractors
romi! Drilling Contractors

Ex log GiJS Detector
BP8 Australia as required

Hazel Brothers Construction
Hazel Brothers Construction

Ponti I Drilling Contractors
Pontil Drilling Contractors
Condor Oil Investments Pty Ltd·
Condor Oil Investments Pty Ltd

I
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DRILLING PROGRAM

30010D
I
I
I
I

Introduction to Wireline Diamond Core Drilling Practice
Wire line retrieval coring is integral to most stratigraphic drilling programs and frequently proceeds after setting and
cementing the surface casing to the end ofhole.

The wireline retrieval system permits core to be recovered while drilling without the necessity for tripping the drill
string. This recovery system had its origins in the oil field where it was first developed to recover core inside the
drill pipe. Core could be recovered on the drill floor without the time consuming and costly operation of tripping the
drill string.

Later the Longyear Company in the USA further refined this tooling for the mineral drilling industry. Wireline
retrieval tooling they developed is designated by the letler Q when describing the size of a hole. The common sizes
used for slimhole drillingare BQ, NQ, HQ and PQ (see Table 3D & Table 04 of the Appendices). More recently
this company has developed a line of heavy duty wireline tooling for use in three hole sizes. The tooling sizes are
designated CHO 76, CHO 101 and CHO 134.

The priority for formation data collection is placed on core analysis techniques and is not restricted to the mud
logging of drill cuttings or wireline geophysical log interpretation.

Geological stratigraphic evaluation may be more useful to development of the understanding of hydrocarbon
resources ofa permit at an early stage ofexp{oration and oil companies may wish to use coring to determine
reservoir, source, biostratigraphic, petrographic, stratigraphic and structural studies.

In circumstances where seismic exploration is being planned a core drilling program may be useful assisting
subsurface control

Slim hole core drilling operations for oil and gas exploration are being increasingly applied for wildcat exploration in
Europe, Canada, America, Asia and Australia and it is usual for 90% of a well is recovered as core. Using
conventional oil drill rigs for this work would be prohibitively expensive.

In Australia \Vestern Mining Corp in the central Canning Basin of Westem Australia, eRA-Pacific Oil & Gas in the
McArthur and Gorgina Basins of the Northern Territory and Shell Company of Australia in Queensland have ail
conducted slimhole continuous coring exploration drilling programs in recent years. mThe uphole and objective
intervals in these areas were all cored and 90% successful recovery was achieved.

8
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Pectil Engineering Services
Oil & Gas Drilling Engineering Consultants

Shittim LA

Contingency Well plan

DRILLING OPERATIONS PROCEDURES

Precollar Hole
Drill 8 112" hole on HW drill rods (0 indurated depth
Set and cement PVC precollar casing.

HW Drilling
Pick up 5 1/2" tricone bit on HW rod string
Drill 5 112" hole to HW casing point.
If dolerite is hard drill to reliable HW casing point with diamond core assembly
Run and Cement HW casing
Make up HW BOP and pressure test to schedule

HQ Coring
Make up HQ core barrel assembly to drill 3 7/8" hole to
Run in hole and tag top cement plug
Core drill cement plug and cement in the rat hole.
Core drill to HQ casing point.
Make up Run and cement HQ casing string

NQ Coring
Make up well BOP assembly for NQ rods and run pressure test schedule
Make up NQ core barrell assembly to core drill from HQ casing shoe
Run in hole and tag cement plug
Core drill cement plug and cement in rat hole
Core drill to end of hole

9
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Shittim lA
Contingency Well plan

DRILL FLUIDS PROGRAM

I
I
I
I

Introduction
Contractors charge operators for mud consumables landed at the location and are responsible for the design of the
mud system and its maintenance. Coring muds are nonnally built using polymers to increase viscosity and hole
cleaning properties of the mud. The contingency program below describes the use of weighred muds that may need
to be used in the event that abnonnal pressure is encountered while drilling the HQ or NQ hole. A mud scales and
Marsh funnel will be supplied by the supply company.

Precollar Holc
Drilled 8 112" using water

HW Drilling
Fill three mud tanks with fresh water and treat out hardness with caustic soda and soda ash
Make up fresh water gel mud. Bring the viscosity to 60 sec with Pac polymer

Weight up tanks 1 and 2 with barytes. Bring the weight to 1.5 SG

Pick up 5 1/2" tricone bil on HW rod string. Displace mud via the hole while drilling from mud tank 3.
Continue to build mud in tank 3. as the drilling proceeds.

1f the well is pressured displace the hole using the \""eighted mud in tanks 1 and 2.

Tvlaintain the mud density below 1.1 SG and maintain a viscosity from 36 to 40 sec.
Condition pit mud in tank 3 while drilling.

Run desander/desilter from suction sump pit as required

HQ Coring
Discard HW driHing mud in the mud pits.

l'vlainrain tanks 1 and 2 with weighted drilling mud while HQ coring.

Make up the brine tank with water and saturate with salt. Circulate the tank \vith the Gardner Denver Pump to
achieve saturation. lYlaintain the saturated brine for use to displace the hole while HQ coring.

Core drill Ollt of the cement shoe using \vater
Make up tank 3 with fresh water. treat out hardness and build polymer mud. Build viscosity from 36 to 40 sec and
displace to the hole while core drilling in new fonnation. Continue to build mud in tank 3 as drilling proceeds.

Maintain the mud density below \.1 SG and maintain a viscosity from 36 to 40 sec.
Condition pit mud in tank 3 while drilling. IfunderbaJanced transfer the brine to the hole and continue to build a
brine polymer drill fluid in tank 3. Continue to saturate the make up water in the brine tank while circulating with
the Gardner Denver pump.

To control pressure displace the \\'eighted mud in tanks 1 and 2 to the hole

Run desander/desilter from suction sump pit as required

NQ Coring
Continue to build and run the mud as for HQ core drilling procedures

10
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CO"Hingency Well plan

DRILL .FLUIDS PROGRAM

Materials Inventory

3 0 0 1..11 (',~'.

25kg S342 100kg

25kg $198 100kg

25kg $128 100kg

50kg

55,546

I
I
I
I
I
I
I
I
I

Chemicals
Weight Agent

Barytes
Salt

Calcium Chloride

Viscosifier

Gel

Quick mud

(liquid polyaclyamide)

Dcnoccubnts
QSroxin

QB2
Invirothin

Visco-Filtration Agent

Aquarac
Ptlc-R

(cross linked polymer)

XC Polymer

Inorganic Agents

Magnesium Oxide
Caustic Soda

Soda Ash
Bicarbonate

Total Cost

Unit

2000kg

25kg,
250kg (d",m)

50lb

50 Ib

Cost

$648

$270

53,960

Quantity

1,200kg

250 Ib

1,0001b

I
I
I
I
I
I

Supply
Baroid Australia Contact Gus Van der Hyde Tel (03) 621 331l

AMC Contact John Quale Tel (09) 417 5001

Su rface Plant

Mud Tanks
3 x 2,000 litre mud ranks
1 x 2,000 litre brine and cement tank
1 x 2,000 litre suction ground sump

I x 2,000 litre discharge ground sump

2 x FMC 36 Bean rig mud pumps rated 1,200 psi

1 x FMC 60 Bean kill pump rated 1,500 psi

NPT Mudline manifold

"

Desander

3 x 3" centrifical mix pumps
mud hopper

I x 5 x 6 Gardner Denver Duplex Pump

(3" Liners, rated to 1120 psi @400 rpm)

I
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Shittim lA
Contingency Well plan

CASING & CEMENTING

The well casing plan is shown on page 4 of this report. The published dimensions and physical properties of the
drill rods and casing used are described in Table 03 and 04 of the Appendices. A casing design program to
consider the physical yield, collapse and burst properties of the rods and casing would not usefully develop the
program.

A cementing program has been prepared using Class A cement properties tabled in "Drilling Data Handbook" 1978
Editions Technip.

No program for the abondonment of the well is included at this time.

12
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Shittim lA
Conlingency Well plan

CASING AND CEMENTING
Materials Inventory

Cementing Unit
Gardner Denver 5x6 with 3" liners
Raled 1120 psi @ 400 rpm displacing 183 US gal/min

Cost

I
I
I

Cementing Materials
HW Casing Cement
HQ Casing Cement
Cement Additives

Abondonment Cement Plug
Bottom Plug
Casing Shoe Plug
Top Plug

3D Sacks Class A cement
45 Sacks Class A cement

Sacks Class A cement
Sacks Class A cement
Sacks Class A cement

S5_9S/sack
S5.95lsack
S5.95/sack

$180
S270
SSO

$
$
$

Note
Cost of cementing abandonment plugs has not been determined.

I
I
I
I
I
I
I
I
I
I
I

Casing Materials
PVC Conductor Pipe
I-IW Casing Rods
HQ Casing Rods
(HQ Recovered)

HW Casing shoe (oplional)
HQ Casing shoe (optional)

HW Van Ruth Cement Wiper Plug
HQ Van Ruth Cement Wiper Plug

HW Van RUlh non return valve
HQ Van Ruth non return valve

Total Cost

13

6m
150m

<450m
(400m)

520
5321m
528/m
520/m

S120
56,400

$12,600
<$8,000>

S30
$30

S100
5100

SII,SSO
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Contingency Well plan

WELL PLAN DIAGRAM

CONDUCTOR 139.7mm
HOLE SIZE 168mm

HW CASING II4.5mm
HOLE SIZE 139.7mm

CAPACITY 15,3 Iitres/metre
ANNULUS VOLUME 5.07 Iitres/metre

ROD CAPACITY 8, I litres/metre
ANNULAR VELOCITY 25 metres/minute

PUMP RATE 124 [itres/minute

HQ CASING 89.0mm
HOLE SIZE 98Amm

CAPACITY 4,75 litres/metre
ANNULUS VOLUME 7,61 litres/metre

ROD CAPACITY IAOI Iitres/metre
ANNULAR VELOCITY 25 metres/minute

PUMP RATE 30 litres/minute

NQ ROD DIAMETER 70mm
HOLE SIZE 76mm

CAPACITY 4.53 Iitres/metre
-!<- . ANNULUS VOLUME 0.698 litres/metre

ROD CAPACITY 2.858 Iitres/metre
ANNULAR VELOCITY 25 metres/minute

PUMP RATE 18 litres/minute

~/-:i 14
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BLOWOUT PREVENTION AND WELL CONTROL

The theoretical accumulated volume displacement should be compared through a trip with actual accumulated
volumes that are returned to or from the well as the drill string is withdrawn or run back in the hole. When the hole
is not taking the correct volume this should alert the driller that invading fluid may be flowing into the well bore.

Pump stroke counts and measuring the pit volume all assist the driller to calculate and con finn that the volumes to
replace the displacement are correct.

An oil saver-wire line stripper connected to the top drill rod recovers mud from a travelling wire line and provides
blowout protection when retrieving the Inner core tube however this operation is carried out with flow check
procedures outlined in the section Flow Checks for Core Drilling.

In some ~reas during trieone rotary drilling, it may become useful practice to slug the pipe with a barite plug before
commencing to trip out of the hole. This will assist in stabilizing the hole when the drill string is at the surface.

Swabbing:
Swab pressure is created while pulling the drill string or inner core barrel from the hole. Suction adses, since mud
does not re-enter the hole as fast as it is displaced. Where hydrostatic pressure ofa mud column is only slightly
above the formation pressure, the resulting pressure loss from swabbing may allow formation fluids to flow into the
well. The pressure reduction from swabbing is a function of hoisting speed, clearance betw'een the well bore and the
drill string, mud properties and bit water course size.

The mOst critical period of influence from swabbing will occur while pulling the first few stands of the drill string
off bottom. A check to ensure thar fonnation fluid is not being swabbed into the hole at the early stages of a trip will

often be advisable.

Lost Circulation:
The are numerous causes for lost circulation which may frequently arise ill shallow un-consolidated beds and in
deeper rocks which may fracture because the hydrost8tic pressure exerted by the mud column exceeds the fracture
pressure of a formation or because a fonnarion is naturally fractured or cavernous.

When the hydrostatic pressure in the well bore exceeds the fracture pressure of the fonnation, the formation will
break down and mud will be lost to that zone. Lost circulation is particularly hazardous when zones with pressure
higher than the hydrostatic pressure of the mud column which stabilises after the losses become exposed and push

fluids into the well.

Frequently circulated returns are lost and the fluid level will stabilize at some point down hole where the hydrostatic
pressure balances the fonnlJtion pressure in the lost circulation zone. On other occasions only partial losses are
experienced to a zone and circubtion may be restored after treatment to plug the formation.

If lost circulation occurs l-""hile a kick is being handled with pressure on the preventors, an underground blov,:ollt may
occur. The zone of lost circulation must [hen be repaired before nonnal well control procedures are carried out.
Sometimes it is possible to spot a heavy slug of high density mud below the thief zone in the zone of high pressure
and this effect repairs to the zone of lost circulation.

On other occasions it will become necessary to repair the thief zone with a thixiotropic cement squeeze and possibly
then case out the tv.'o zones after drilling to a suitable fonnation in which the casing can be secured.
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BLOWOUT PREVENTION AND WELL CONTROL

Abnormal Over-pressure:
As stated abnormal over-pressured formations are frequently defined as those formations with a pressure gradient in
excess of a nonnal column of sea water. This normal formation pressure gradient is 0.1073 kgf/cm l\2 / metre.

If an high pressured fonnation is penetrated with insufficient mud density, then a kick situation is likely to develop.
The response will usually depend on wether the penneability and porosity in the fonnation is sufficient to penn it
fluids to flow freely from the highly pressured [annat ion into the well bore.

Under other conditions a formation may be pressured because compaction in the rock cannot sustain the overburden
and although porosity and penneability ate not sufficient to allow the escape oflarge quantities of fluid into the well

bore, there may be deformation and accelerated erosion to the well bore. Increasing the mud weight will often
prevent or reduce the sloughing and caving of sediments in these formations.

Equipment Failure:
Failure to correctly test, maintain and operate equipment on the rig has in the past been a cause for concern in the
industry and has been the reason for loss of life and property in times of blowout. The schedules for function testing
surface well head and mud line equipment, the necessity for reponing testing to statutory authorities and training
programmes for rig personnel have all assisted in reducing the problem but extra care needs to be given to required
operational training in the use of this equipment.
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BLOWOUT PREVENTION AND WELL CONTROL

Introduction to Pressure Control Engineering
Necessary rapid response to emergency situations may best be accorded when drilling crews are trained to react
instinctively to implement actions which effectively prevents a situation from becoming unmanageable.

Where practical a well plan should identify those intervals in the well which have a history of abnormal formation
pressure manifested either as lost circulation, as highly compacted and sloughing sediments or as highly pressured
fluids which may cause a problem to the normal drilling activities undertaken. The investigation should seek to
anticipate such problems for well intervals and so assist in designing casing strings as well as drilling procedures to
provide the drilling programme, economy and safety in operations.

Supervisors need to provide regular crew drills to enact these procedures so each person on a location is fully
practised as to his responsibilities and actions during such an emergency. Drilling crews are reminded that first
response is most often a responsibility of the Contract Drilling Company performing operations at the site and that
in the nonnal course of drilling the contractor's personnel will carry on all operations to secure well control.

The first responsibility ofa rig crew in an emergency is to preserve personnel at the site from injury or loss of life.
The consideration, that the most common cause for [ass of life and property on oil an gas drilling rigs in the past has
resulted from human error and not through equipment failure, should indicate the importance for carrying on regular
drills in safety training on a location.

Our priority is to educate crews in understanding the principles, procedures and specification of equipment
employed for safe handling of an emergency response as well as the necessity for communicating all appropriate
details through correctly identified channels. Communication procedures for crews are those which have been
identified with the operating company representative at the site during the course ofa contract drilling programme.

The follo\ving section, .Abnorm<:11 Formation Pressure', identifies the origiJ1~ and indications for abnonnal borehole
pressure, causes for loss of control in a \\'ell bore when encountering abnormal pressure and procedures for carrying
out flow checks to detect a kicking well.

Thereafter, 'Well Control Procedures', for handling HWiHQINQ rod strings are described

Well Kill Methods which include the 'Driller's Method' and the 'Wait and Weight Method' to shut in and kill the
well to prevent a blowout,

Origins of Abnormal Formation Pressure
Formation pore pressure bas often been classified as normal where it is equivalent to a normal sea water gradient of
0.1073 kg£/cmI\2 I metre iJnd subnormal when less than this. Abnormal over-pressured formations may be in excess
of 0.2353 kgf/cm A 2 (metre in some sedimentary basins of the world. In such extreme cases the over-pressure arises
out of a condition in which fOlTIlation pore fluids are supporting part or all of the rock overburden. The reasons for
this condition are not al\\'ays fully understood but most explanations argue that incomplete diagenetic compaction
during burial of the sediments or geo-tectonic pressuring after compaction and burial is responsible.

Indications or Abnormal Formation Pressure
There are a number of seismic and wireline methods for predicting abnonnal pressure in [onnations which may be
employed when planning a well and there are a series of well documented indicators for the onset of abnormal
pressure that may be observed when drilling a well. A number of warning signs can be observed at the surface when
drilling which will indicate the onset of a kick. lt is the responsibility of crew members to recognize these warning
signs and act correctly and promptly to recover such a situation.

Early indicators are listed as follows-
I. an increase in the pit volume
2. a sudden increase in the drilling rate
3. an abrupt increase in bit wrque
4. a reduction in pump pressure
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5. an apparent increase in drill string weight
6. complete or partial loss of circulation
7. decreasing shale density

SecondJry indicators \vhich may forewarn ofa kick include contamination of the drilling fluid by;.
gas cut
water cut
variation in mud chlorides indicating water cut above
increasing mud temperature
increasing trip gas and connection gas

Causes of Loss of Control of Abnormal Pressure
Kicks, lost circulation or blowouts may occur where famatian pressure in the fonnation drilled is higher than or
less than the hydrosmtic pressure of the drilling fluid in the well bore. Such an imbalance may pennit formation
fluids to invade the well and produce a kick at the surface which may develop into a blowout of the well. In
circumstances where the formation pressure is less than hydrostatic pressure an under-balanced condition exists and
if porous or cavernous rock is being drilled, fluid may be lost to the formation. The loss of hydrostatic pressure
arising out of this condition may permit the escape of formation fluids from higher formations into the well bore and
similarly cause a well kick or blowout.

Present drilling practice requires maintaining near balanced mud densities and at the same time ensuring hydrostatic
pressure is sufficient to control formation pressure. A rule of thumb often employed has been to control mud density
to that required for balancing formation pressure plus enough \veight to provide for the trip margin.

Australian land drilling operations are frequently complicated where formation pressures will not support the
hydrostatic pressure exerted by a drilling fluid and partial or total loss of returns occurs in porous or cavernous
surface and intermediate hole.

Less frequently, and often together with a lost circulation event, complications to drilling operations arise through
formation pressure exceeding the mud hydrostatic pressure in a well. The causes for kicks are listed below;

1. insufficient mud density
2. failure to keep the hole full of fluid
3. swabbing
4. lost circuJmion
5. abnormal Over-pressure
6. equipment failure

Insufficient Mud Density:
The condition may occur \vhen drilling into a zone with a drilling mud that is providing less hydrostatic pressure
than the formation fluid. Vv'here the formation is permeable, fluids will flow into the well bore. The fluids (gas or
water and hydrocarbons) \vill cut the density of the drilling fluid and compound the condition. Increasing the density
for control will not always be a satisfactory remedy since high mud densities may exceed formation
fracture gradients and CJuse lost circulD.tion. Excessive mud densities reduce penetration rates and can lead to the
differential sticking of the dril! rods and they can damage zones for investigation.

Failure to Keep the Hole Full of Fluid:
Most blowouts recorded have occurred during the pulling of pipe from the hole. Blowouts have resulted through not
filling the hole with sufficient mud to replace the drill string volume that is withdrawn from the hole. The influence
of s\vabbing while tripping together with the reduction of hydrostatic pressure from incorrect filling of the hole is
the most common cause for rig misfortune and tragedy. The situation is avoided through care to make sure that the
correct volume of fluid is being returned to the well after pulling a set quantity of pipe.
Tripping practice to change a bit should include the correct handling of a trip sheet and this should be signed and
maintained with drilling tour reports.
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The Shiltlm 1A drilling program is to include the use of blowout prevention equipment. Th is blowout prevention
and control program has been included in the \\:ell fore program as J contingency in the event abnormal over­
pressure is encountered downhole.

This Blowout Prevention and Control Program hIJs been prepared from Part 5 of Pectil Engineering's SJimhole
Dri]Jing Technology Manual. The mJnual describes manifestations of well pressure and sets the procedures to be
followed by crews working for an operating company to control this pressure safely using previously tested blowout
control methods.
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BLOWOUT PREVENTION AND WELL CONTROL

Introduction to Abnormal Pressure Detection

The drillers and drilling crews are instructed to recognise and report any signs indicating the onset of abnormal
pressure or those conditions indicating that the well is flowing. The crews are drilled regularly to make flow checks
and shut in the well when necessary.

Flow Check Procedure
Tn order that drilling crews take ali necessary precautions to prevent a kick situation arising, it is recommended that
flow checks are carried out at specific times during drilling operations.

1. while drilling and in the event of indication of a kick
2. prior to tripping the drill string
3. in circumstances of indication ofa kick while tripping
4. while out of the hole
5. while retrieving core

Rapid closing of the well is necessary if excessive surface pressure is to be avoided. Unnecessary and improper
closing in procedures can however cause equipment damage and hole problems.
\Vhen aile or more indicators that a well is kicking are recorded, a flow check should be conducted immediately to
confirm the presence of formation fluids entering the well bore. The following procedures are observed.

I. While Drilling:

call alert
stop rotary, then hoist to position tool joint at surface

shut off pump
divert flow to record flow rate and volume
record flow volume for 5 - 10 minutes

2. Before Tripping the Drill String:
call alert
position tool joint above the slip area
divert the flow line to record flow rate and volume
record the flow volume for 5 to 10 minutes
if no flow is noted, trip out of the hole
if the well is flowing, shut it in immediately

3. While Tripping the Drill String:

call alert
position the tool joint above the slip area
install stabbing valve in open position then close
ensure the hole is full
shut down pump
divert flow to record flow rate and volume
monitor the trip tank for flow for 5 10 10 mins

5. While Out of the Hole:
call alel1.
ensure the hole is full then shut down pump.
divert flow to record flow rate and volume
monitor the flow for 5 to 10 mins.
continue to monitor the flow each half hour.

6. While Retrieving Core:
The well flow check procedures are those established for carrying on wireline operations in conventional drill string
assemblies.

call alert
shut in the wireline Dilsaver packer stripper
monitor the flow for 5 to 10 mins. via by·pass
ensure the well has stabilized before completing the flow check
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Introduction to Abnormal Pressure Control
General to the procedures for well control and well kill operations in HW/HQINQ core drilling are those features of
the drill rig and system controls which permit safe handling when drilling in over pressured formations.

Drillfiuids suppliers have mud weighting materials compatible for use with wireline core drilling tooling and
weighted mud systems are now regularly provided for slimhole operations. Baroid Australia in Vicroria and AMC
in Tasmania are to supply mud chemicals for drilling Shinim I A.

Wireline coring drill holes are considerably downsized to conventional oil and gas holes. The surface mud volumes
used and pump circulation rates to drill these wells are also much reduced. Fewer, smaller drill cunings are
produced while coring which reduces fanTIation contamination of the drill fluid. A driller works above the hole and
can monitor all aspects of the circulating system from his position at the rig consul

It is critical to operations that drill fluid rheological properties and particularly yield and gel strengths are readily
controlled to maintain optimum conditions for pressure control management in these wells. The annular mud
volumes in core hole geometries are only about 15% of those in conventional oil and gas wells while the circulation
system is only about a third of that used by conventional oil field rigs. In these circumstances less time and fe\....er
mud material are necessary build weight, condition the mud and control a kick.

While all other response times may be considered equal, the opportunity for detection ofa more exact and smaller
variation in pit volume is possible in these circumstances. Attention to this opportunity can provide a lead time for
response in such an event.

While wireline coring tools are lighter than conventional rotary drill strings it may be pointed out that in a closed
well situation with a HQ core drilling assembly in 4.33" hole locked in under a top drive UDR rig, in excess of
3,000 psi could be contained. This is with out the necessity of closing a shear ram. By comparison, the same
situation in a 7 3/4" production hole with a fluted kelly, would require 132,000 Ib of string weight to prevent drill
pipe from moving up the hole.

\\'hile tripping rods, it should also be noted that in spite of these rods having a large bore and a narrow bit kerf area,
the calculated resistance to flow (and its resultant implication for swabbing) when pulling a rotary tricone roller bit
string will be found to be greater than in the case of the core string.

Wireline core retrieval has no unique feature which characterises the operation from other wireline activities in
conventional drilling practice. Two adopted procedures are designed to prevent accident when pulling core;

a wireline Oil-saver packer stripper, rated to anticipated pressure control requirements (1,500 psi in
this manual), is installed on top ofthe drill rod string. Tn the event ofa kick, the packer may be closed. In
this event the core inner barrel becomes suspended in a pressured chamber.
mud which is allowed to rise \vhile: retrieving the core inner barrel is directed back into the hole via
a fast acting mud by-pass valve in the drill string. This valve is also shut in the event ofa kick.
',vhen stable, read the shut in casing and shut in drill pipe pressures and record the volume gain

Equipment Rated Pressure:
\Veil data calculated for carrying out well kill procedures uses rated working specifications for the pressure control
equipment and recommended property specifications for the drilling fluids employed. The rated shut in pressure of
the Blowout Preventer Well Head is 3,000 psi. The rated pressure of the Annular Blowout Preventer is 1,000 psi.
The operating pressure of the Blowout Preventers is 750 psi. An equipment list and diagrams for the BOP
equipment are shown in the Appendices.

Friction Pressure Loss in the Circulating System:
The following procedures programme identifies the fundamental concern for the handling of friction pressure losses
in these geometries when planning to control and kill a kick.
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BLOWOUT PREVENTION AND WELL CONTROL

Pumping to Displace Mud in the Drill String:
Displacement is effected by pumping new mud at the controlled slow pump stroke rate and maintaining choke
adjustment to control the pump pressure. This is the Initial Circulating Pressure at the commencement and is
reduced to the Final Circulating Pressure when the new mud reaches the bit.

While making this choke correction it can be seen that pump strokes may increase as the pump pressure falls and to
return the well to balance it is necessary to dose the choke until pressure and pump rate return
to their designated values. Should the pump pressure increase and the pump stroke rate begin to fall, then it is
necessary to gradually open the choke to restore balance.

Pumping (0 Displace Mud in the Annulus:
When pumping to displace the annulus the final circulating pressure becomes the controlling factor. The new mud is
pumped through the annulus while controlling back pressure on the choke to maintain this final pump pressure.

The casing pressure will vary considerably while displacement proceeds and the maximum pressure will be recorded
when a gas bubble (if any) first reaches the surface.

The highest pressure recorded at any point in the well ( e.g. the casing shoe) will occur when the top of any such
gas bubble reaches that point.

Once new mud is returned to the surface, the well is once more balanced and back pressure required at the choke
will be reduced to zero. The well may then be shut in once more to determine if the new weight is effectively
controlling the fonnation pressure.

The higher annulus pressure associated with the driller's method for controlling a kick may become of serious
concern if an inner casing s(ring has a low pressure rating or if it is set at a shallow depth where fracture pressure in
a formation is less than the probable annulus pressure that will occur when a gas bubble reaches the shoe. For this
rcason, cautious evalumion of well parameters needs to apply when selecting the me(hod for controlling a well.
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BLOWOUT PREVENTION AND WELL CONTROL

Well Shut in Procedures:
If the well is flowing, the drill crew should shut in the well and make the necessary arrangements to begin killing
operations. The position of the drill string at the time of this decision detennmes which of the following procedures
to use for the shut in. Both of the 3,000 psi ball cock valves on the kill and diverter lines are maintained in the
closed position at all times while drilling or coring.

1. Shut in While Drilling:
call alert

stop rotary, hoist to place tool joint above slip area
shut down pump
check both ball cock valves are open
close annular preventer

slowly close 3,000 psi ball cock valves without exceeding allowable operating pressure
when stable, read the shut in casing and shut in drill pipe pressures and record the volume gain

2. Shut in While Tripping:
call alert.
position upper tool joint above slip area
set pipe in slips & release elevators

install 3,000 psi stabbing ball cock valve open, then close
check both ball cock valves are open

close annular preventer
slowly close the diverter ball cock valves without exceeding allowable casing pressure

make up top drive rotary to top connection.
open 3,000 psi ball cock stabbing valve
allow well to stabilize
when stable, read the shut in casing and shut in drill pipe pressures and record the volume gain

J. Shut in While Out of Hole:
call alert

check both 3,000 psi diverter line ball cock valves are open
close the 5,000 psi gate valve

slowly close diverter line ball cock valves without exceeding allowable operating pressure
allow well to stabilize
read the shut in casing pressure and volume gain

4. Shut in While Retrieving Core:
The well shut in procedures are those established for carrying on wireline operations in conventional drill string
assemblies.

call alert.
check both 3,000 psi diverter line ball cock valves are open
close in the packer stripper valve and by-pass valve.
slowly close diverter line ball cock valves without exceeding allowable operating pressure
allow well to stabilize.
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A friction factor derived for conventional rotary drilling with a drill pipe to annulus ratio of 0.28 will be smaller than
the friction factor derived where this ratio is to the order of2.10 as is the case in wireline drilling geometries.
As a result, 92% of circulating system friction pressure losses are derived in the annulus in these down hole
COn figurations, whereas annulus pressure losses in conventional rotary drilling geometries will generally only be to
the order of 10% ofcirculating system pressure losses.
As a consequence, a kick event in the well may be anticipated to evacuate ­

the annulus while drilling
the drill string while tripping
the drill string while operating wireline tools.

As a further consequence of this distribution for friction pressure losses in a CHD circulating system, it may
normally be expected while Core drilling that equivalent mud densities will be higher than those in wells which are
drilled using conventional oil-well rotary drilling practices.

For clarification 0 f the following well shut in and kill procedures, a description of pressure control equipment and
well data to support the drilling practices which is useful for preparing a well kill data sheet, has been included in
the Appendices.

Friction Pressure Calculations:
The Power Law model for fluid flow behaviour has been employed in calculating friction pressure losses in the
circulating system. The equations used to calculare the friction pressure loss are described in the IDF Drillfluids
Manual and in the MI Data Handbook which is held at the location in the tool room. The circulating system
pressure data obtained drilling Comalco's Ungoolya I in the Officer Basin of South Australia and the Pittston
Minerals (Aust.), Sand Ere nat (SDI) mineral hole in the Canning Basin (described in the Slimhole Drilling
Technology ManuJJ) are empirical data sets used as models for applying these friction pressure loss equations at the
location.

HW/HQ/NQ well geometries and drilling fluid properties are recorded on the kill sheet which describe the
parameters used in these calculations.

The circulating system pressure loss in a well is the sum of friction pressure losses -
CSPL ~ P(surface) + P(drill string) + Pecore barrel) + P(annulus)

When a kick is detected and the well has been shut in it is well to wait for a few minutes to allow the pressure to
stabilise. If a gas bubble has been encountered it will begin to migrate up the hole and it is not good practice to wait
for too long before commencing remedial action. The driller may respond in two prescribed ways to control the
pressure.

He may use the recorded surface pressures to plan for kill procedures and fill in the Pressure Control Worksheet at
this time, Or he may wish to circulate the well through the choke using the constant pump stroke method and
displace all the invading formation fluids before commencing to kill [he well.

The Ji1t1er, which initially controls the over-pressure by circulating the hydrostatically under-balanced well through
the choke, and displaces any invading fluid from the well is called ·The Driller's Method' and will provide more
reli<:lble data to cJlculate mud weight to control the abnormal pressure. Tile method requires a minimum of1\\'o
complete circulations to kill the well.

The fonner, is known as 'The Wait and Weight Method' is designed to kill a well with one circulation and because
of simplicity it is most often preferred as the procedure.

IVlethads for Kick Control:
This method and a worksheet for controlling a well is described in the IDF Drilllluids Manual and the Mf Dril111uids
Manual \.vhich arc in the tool house at the location.
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BLOWOUT PREVENTION AND WELL CONTROL

A well which has been shut in may be then circulated while the driller controls the 3,000 psi diverter line ball cock
valve with the original mud weight to displace an invading fluid in the annulus. A consmnt bottom hole pressure is
maintained while circulating at the slow pump rate to control further entry offonnation fluid. It is useful to
complete a Well Control Worksheet before commencing the procedure.

Circulation is commenced by cracking the diverter line ball cock valve and simultaneously bring the pump rate to
the desired slow pump rate. While pumping at the constant pump rate the drill string pressure is held constant by
adjustment at the choke. An initial pump pressure is obtained by adding the circulating system pressure loss to the
shut in drill string pressure.

When all the invading fluid has been pumped from the hole clean uncut mud will appear and the well may be shut in
once more. The shut in casing pressure and the shut in drill string pressure should now be equal and a Pressure
Control Worksheet may be completed using this recorded data.

It is possible to continue circulating the \\'ell at any time while weighting up operations are in progress using this
constant pump stroke - constant drill string pressure method and maintain control of the well.

Regardless of the two methods employed, to kill a kicking well is the same in both cases when displacing old mud
with newly weighted mud of sufficient density to effectively control the over pressure.

The operation may proceed after the initial shut in, without displacing the invading fluid using the 'Wait & Weight
Method' or it may proceed this circulation using the ·Drillers Method' to control the kick. In both cases the shut in
pressures are used to fill out the Pressure Control Worksheet and mud density is increased in the pits to effectively
control the abnormal pressure.

The Pressure Control Worksheet:
This work sheet is used for recording shut in data and is kept up to date during drilling operations to maintain the
pre-recorded infonnation which includes the circulating system pressure loss with the pump and well data.

Record the shut in drill string and the shut in casing pressure together with the kick volume. The initial circulating
pressure required is found by adding the shut in drill string pressure to the system pressure loss.

The new mud density required to balance the fonnation pressure may be calculated from the shut in drill string
pressure. This pressure is converted to an equivalent mud density (ECD) in units of specific gravity using the
equation described on the worksheet. Adding the result to the original mud density will provide the new mud
specific gravity which is required to balance the formation.

It is necessary to displace the original drilling mud in the drill string and annulus with newly weighted mud while
pumping \vith a controlled pump rate and making adjustments at the diverter ball cock choke valve to maintain a
regulated pressure. The pressure is regulated to reduce the pump pressure from the Initial Circulating Pressure to the
Final Circulating Pressure as the old mud is pumped out of the drill string. Calculate the Final Circulating Pressure
using the equation shown in the worksheet and then prepare a graph plan which plots the number of pump strokes
and/or time vs the decrease in pumping pressure while the new mud is being pumped from the surface to the bottom
of the drill string. This Final Circulating Pressure is then maintained by controlling the choke while pumping the
new mud up through the annulus.

Remember when making these calculations
the drill string hydrostatic pressure + the circulating system pressure ~ the friction pressure
is always equal to
the annulus hydrostatic pressure + the casing pressure + friction pressure in the annulus.
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BLOWOUT PREVENTION AND WELL CONTROL

Blowout Prevention Equipment
2" NPT 3,000 psi Diverter Line
2" NPT 3,000 psi Kill Line
2" NPT 3,000 psi Ball Cock Kill Line Valve
2" NPT 3,000 psi Ball Cock Diverter Line Valve
Cameron 3,000 psi NPTlReg Kill Line Pressure Gauge
Cameron 3,000 psi NPTlReg Diverter Line Pressure Gauge
Reme! HW API Type 6B Flanged 1,000 psi Working Pressure Annular Blowout Preventer
Remet HQINQ 1,000 psi Working Pressure Bag Annulars
Demeo 4 1/8" API Type 6B Flanged 5,000 psi Working Pressure Gate Valve
Feaver Engineering 4 1/8", API Type 6B flanged 3,000 psi Working Pressure Diverter Spool
Feaver Engineering API Type 6B HW Casing Head flange
Universal Fastncrs 7 1116" 3,000 psi flange Bolts (24)
R 45 API Type R Ring-joint Gaskets (4)
Gener.nj Hydraulics Annular Preventer Closing Unit

Feaver Engineering 3,000 psi rated pressure Inside BOP
Feaver Engineering 1,000 psi rated pressure \Vireline BOP

FMC 56 Bean Triplex 60 US gal/min 1,500 psi working pressure Kill Pump
NPT Mud Line Manifold

FMC 535 Bean 35 US gal/min, 1,200 psi working pressureTriplex Mud Pump

I
I
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BLOWOUT PREVENTION AND WELL CONTROL

Makeup of HQ/NQ Blowout Preventer Stack on HW Casing Head Flange
After the setting and cementing of the HW casing string the cellar is prepared to a depth to expose the top joint of
the HW casing string.

A 2 part portable cellar is then made up in the excavated area and a cement baseprepared. Where there is sufficient
slope a drain pipe may be run from the cellar floor an external pit.

The top flange is made up on the top joint pin thread.

The Blowout Preventer Assembly is then made up on the top head flange in the cellar (see diagram).

Make the flang head bolts and torque with a tension wrench

Install 2" NPT kill line, 3000 psi ball ball valve, and 3,000 psi kill line pump manifold

Install 5,000 psi Pressure Gauge, 3,000 psi ball cock valve in exit line

Nipple up exit line to flare line and construct the flare pit

Install and test the HQ bag preventer for HQ coring. Install and test the NQ bag preventer for NQ coring
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BLOWOUT PREVENTION AND WELL CONTROL

Blowout Prcventer Test Schedule:
The Test Schedule require test pressures of 5, 170 Kpa (750 psi). Pressure test policy requires that the BOP's and
associated well control equipment is tested to operation pressures recommended by the manufacturers.

Testing may be carried out with the least number of valve manipulations and in accordance with the instructions of
the operating company.

Tn the event that a lest indicates that the equipmenr is not operating correctly, operations shall not be continued until
the deficiencies have been corrected to the satisfaction of the operating company.

All preventor equipment to be tested in accordance of such regulations requires that annular type blowout preventors
shall be tested to 70% of the manufacturers rated pressure.

A complete BOP test is carried out at the installation of the equipment, before drilling out after setting each casing
string, every 7 days while drilling and after each time repairs are made that require removal ofa pressure seal in the
assembly. The gate valve shall be tested at the times stipulated in the above paragraph, providing thac after installing
each casing string, the gate valve shall be pressure tested to the operating pressure provided above.

The annular preventors shall be function tested on each round trip or 24 hour period, which ever is the greater period
of time with the exception of the annular type blowout preventors.

In conjunction with BOP tests, pressure tests of the inside BOP's, and rig mudlines require attention at this time.
The pressure test for the rig mud line and pump manifold is 750 psi

Closing Unit:
I. Accumulators shall be located adjacent to the drillers consul with sufficient capacity at all times to close the

annular type blowout preventor
2. Rig hydraulic pump shall be capable of rebuilding fluid pressure in the closing unit within a period of three
minutes to a sufficiently high level to close the annular type blowout preventor.
3. Closing unit shall be connected to the blowout preventors with lines of working pressure at least equal to the
working pressure of the unir.
4. Closing unit shall have an independent manual backup Sources of power.

Closing Unit Tests
Tests are performed at installation or every 15 days, whichever is the shorter period of time. Regardless of the
arrangement of a blowout preventor stack to be tested, a set of drawings is most useful \'v'hen conducting this
procedure. Tests are carried out with the least number of valve manipulations.

The diagrams (Figs. 1.to 5.) included in the following pages are for general infonnation when carrying on BOP
stack test procedures. All BOP testing is carried out using water after mud is flushed from the stack and lines. Low
pressure tesIs must be applied for 3 minutes before increasing to the full test pressure on ram and annular BOP tests.

BOP Inspection Test Check List:
Make frequent inspection to your satisfaction that you have;
Ensured the BOP's are correctly installed and braced.
Replaced hand wheels.
Ensured the 3,000 psi ball cock valves on the diverter and kill lines are closed.
Sufficient barite to meet location requirements
Hydraulic properties recorded daily in the Pressure Control Worksheet.
Drills and Safety Meeting requirements fully observed.
Tested the stand pipe, pump lines, valves and mud line hose.
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RIG SAFETY & EMERGENCY RESPONSE

Emergency Response

9:1:1. Introduction
The Safety and Emergency Response Progmrn is prepared for the benefit of the Contracting drilling crews and
management to ensure the correct response to emergencies which may arise out of contracting operations from time
to time and for the laying down of guide lines for safe procedures when working on or around the drilling site.

Drilling supervisors are responsible to ensure that all personnel employed on the site are fully conversant with the
content of this manual and are instructed in safe working practices on these operations. Ponti! Pty Ltd, the Drilling
Contractors, have a company hand book which is issued to all of the staff and provides the same information
contained herein.

Company contractor personnel are then expected to sign tbe Safety Book to acknowledge they are fully aWJre and
will abide by these instructions.

The Operator Company, Condor Oil Investments Pty Ltd, have prepared an Emergency Response Manual which
covers those contingencies for the drilling programme being conducted.

Should an emergency arise, nothing in the contents, instructions or regulations provided in this programme shall be
so constructed as to prevent the "person-in-charge" from taking the most effective action in his judgement for
rectifying the conditions cJusing the emergency or action deemed necessary for the saving of life and property.

Emergency Alert Plan
An emergency is considered to be an unexpected event that may result in harm to life, environment or property and

which calls for immediate action.

Examples
1. An event that results in loss of life, serious injury or causes a potential hazard to life and property.
2. Hydrocarbon or chemical spill or other emission hannful to the environment.

3. A fire causing equipment or property damage.
4. Explosion, rupture or well blowout.

Senior Company Employee at the scene
Contact the Operating Company Representative on site or at his location and report the emergency, where it
occurred, when, what 'lcrjon is being taken to control the situation and what progress is being 8ch ieved in rectifying
the emergency.

The Operating Company Representmive in these circumstances is Mr Ted rvlcNally

Tel. (002) 296576 After Hours (002) 296 576

The Senior Company Employee is til en responsible for reponing the emergency to his immediate senior at the
Contracting Company Head Office.

The Immediate Senior at the Contracting Company in these circumstances is Mr Tom Brown

Tel. (068) 842722 After Hours (068)

Your immediate reports then are;
I. Operlltioll Site Representative
2. Contracting Company Superior
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Emergency Response
A list of operating company personnel to whom you may report emergencies, wiU need to be prepared and kept
handy in the supervisors office. Make sure that the contact level for these situations is fully established for each
drilling programme.

9:1:2. Rig Emergency Procedure
The circumstances that will be encountered in any particular emergency are very often unpredictable. No all
comprehending set of plans can be formulated to meet all emergencies, however nonnal reparations are the response
for;

I. Fire, explosion or blowout
2. An urgent need for medical assistance

Contracting Emergency Staff Team
]. Drilling Manager

Mr

2. Senior Drilling Supervisor
Mr

3. Co-ordinator 24 hour contact
Mr

9:1 :3. Contractor Emergency Staff Response
I. Alert all members of the team.
2. Contact the senior member of the Operator's emergency staff.
3. Base the emergency telJm at the radio contact room.
4. Liase with the Operator's rig supervisor.
5. Liase with the Contractor Rig Supervisor at the location.
6. Ensure names and addresses of personnel on the rig are known.
7. Prepare response for the State Regulators.

Supply
As advised by the Operator,

1. Prepare \varehouse personnel responsible for materials dispatch.
2. Mobilise and dispatch any materials requested to the rig.
3. Ascertain if any injured personnel are in need of evacuation.
4. Prepare mobilization for any evacuation.
S. Advise rhe local Police Department of the emergency.
6. Request Police assistance if necessary.
7. If necessary advise the most accessible medical facility.
8. Arrange medical assistance in transit if necessary.
9. Arrange emergency accommodation if necessary.
to. Maintain a record of evacuees. their location and condition.
II. Report back all Operator advised action.

Operator's Representative
The Operator will detail an Emergency Response Co-ordinator to supervise the operations and it is important the
Condor Oil Investments Pty Ltd emergency staff act through his instructions. In these circumstances the person in
charge is Mr Ted McNally.
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Emergency Response
This Co·ordinnting Supervisor has ultimate responsibility <1nd will be making the decisions which are remedial for
the emergency at the site and contingent to safe passage of any evacuees for medical purposes.

The Contracting organisation is responsible to act promptly on any proposed operation detailed and requested by this
representative and to keep him fully infonned as to the out come of the actions. Further, they are to advise him in all
matters pertaining to the emergency, either requested or othen.vise.
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RIG SAFETY & EMERGENCY RESPONSE

9:2:1. Introduction to Fire Fighting Procedures
In the petroleum industry and particularly for exploration, fire is an ever present hazard to life and property. It is
necessary that the required fire fighting equipment on the rig is correctly serviced and maintained at convenient
designated locations and that personnel are fully instructed in the effectively understood procedures for
extinguishing any conflagration.

Peetil Engineering Services
Oil &: Gas Drilling Engineering Consult:l.nls
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Burning and welding are two notable hazards that requITe attention and conrrol at the location and preparation
notices must always be requested for these activities so there is no breach of any regulation and so supervision is
prepared for the job.

Sources for ignition
It is recognized that most of the hazard surrounding the occurrence of fires stems from lack of attention on the part
of personnel to preparation and care on a job. Consideration for any sources of ignition during the carrying on of an
activity and exclusion of the hazard potential through job preparation will lower the risk for accidental fire
considerably. Think hard on this and your own past experience!

Ignition may result from;
1. An explosion, naked flame, molten sparks or spontaneous combustion.
2. \Velding, cutting and sparks generated through cutting or grinding.
3. Electrical faults~ loose connections or incorrect grounding.
4. Electrical faults; incorrect grounding or overloading.
5. Electrical faults; incorrect wiring or fuse placement.
6. Electrical faults; short circuits or unprotected installations.
7. Smoking in non designated areas.

9:2:2. Classification of fires and methods for their control
Fires have been classified as follows;
Solid Fires

extinguished using water, foam or any type extinguisher.
Liquid Fires

extinguished using foam, carbon dioxide or dry chemicaL
Electrical Fires

extinguished using carbon dioxide or dry chemical.

DO NOT USE WATER OR FOAM TO EXTINGUISH ELECTRICAL FIRES.

9:2:3. Rig Fire Prevention
It is the responsibility of the Operating Company Supervisor to ensure rhat fire prevention and safety procedures are
carried out on a locarion to rhe satisfaction of his companies set policy.

It is the responsibility of the Conrracting Company Supervisor to ensure that his crew is performing duries in
accordance with instructions provided by the Operator.

A Contracting Rig Supervisor should instruct crews of the following rig fire prevention responsibilities;
Ensure that the fire prevention procedures are introduced and displayed at the rig and are given attention in Safety
Meeting Agendas.
Ensure that Fire Station notices are well prepared and displayed conspicuously around the rig. These notices contain
equipment and duty information for personnel.
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RIG SAFETY & EMERGENCY RESPONSE

Rig Safety
Ensure that new crew members taking up duties on the location are fully briefed in fire prevention and their
responsibilities in an emergency situation.

Rig crew commencing operations at a site, are required to sign a log book to acknowledge that they have been
instructed in fire prevention and rig safety in general.

All visitors to the rig are to be made aware of restriction notices and safety regulations operating at the site.

All fire extinguishers required under the regulations are to be correctly positioned at the site, are to be reported as
inspected and operational at the commencement of drilling operations and thereafter every three months.

Smoking is only pennhted in designated areas.

Electrical installations are to be inspecred by a qualified electrician before the commencement of drilling operations
and then following the insrallation of any replaced or additional new electrical installation.

Compressed gas cylinders are not to be operated unless the are installed with gauge and pressure regulating
equipment.

Spilled hydrocarbons are to be immediately recovered even if it is necessary to curtail operations in doing so.

Engine oil is drained and stored in drums at the site. It is not permitted that drained oil is held in sumps under
motors.

Waste oil rags, sacks, rope, plastic containers are not to be left around the location, but deposited in designated
refuse containers on site.

9:2:4. Responsibility
The Contractor Supervisor and each service company senior representative is responsible for his unir and personnel
safety.

The Contractor Supervisor is the person-in-charge of fire fighting on the rig.

This rc::sponsibiliry may be shared by the operator supervising staff or a deputy where operator liabilities are
involved i.e. danger or damage to life, the well, the reservoir or property. In the evem offire, all precautions \vill be
taken to eliminate danger to life and property even if drilling operations have to be curtailed as a result.

ResponsibHLty tor manning and operating fire stDtions will be properJy delegated. Back up equipment and personnel
are to be mobilised quickly.

If a fire cannot be brought under control on the rig \vlth the resources at hand then the supervisor is required to
inform the Operator and proceed to notify his company emergency staff that back up equipment is required
forthwith.

9:2:5. Cutting & Welding
Authorization for welding jobs are provided by the contracting supervisor or a member of the crew delegated by him
and each job needs to be detailed for his approval on a Welder's Job Sheet.

Cutting and welding operations need to be properly supervised and an inspection of the work area should be carried
out to delcrmine if the work is necessary and safe to carry out.
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Rig Safety

Ensure that the welder fully understonds the work, that he is qualified to carry it out and that fire equipment is on
hand.

9:1:6. Inspection
During pre-operation, inspection ensure that;

No spark, flame, or hot slag is likely to be blown or fall onto combustible material or equipment which could be
ignited and cause damage.

No combustible vapours are present in open or confined spaces which could be ignited and adequate ventilation is
provided \vhile the work is in progress to prevent the accumulation of combustible or noxious fumes. Good
ventilation is essential when cuning or welding alloy metals, plated steel or painted metal since hannful vapours will

be produced.

If hydrocarbons are present on the metal surface, it should be thoroughly cleaned to remove as far as possible any

residue which could foreseeable cause ignition.

Where welding or cutting is to be performed around any timber, the wood is well watered down before work
commences, and that periodic welting is kept up while the work is in progress.

Welding equipment is never used in the vicinity of asbestos material.

Any welding work to be carried out on service or connecting pipe is not commenced until inspection ensures that the
pipe has been bled to atmospheric pressure, that it has been purged and cleaned and that there is no possibility of
pressure rebuilding in the pipe during the operation.

Make sure that all connecting valves are correctly closed and any flanges to be used are correctly installed.

If work is to be performed on any structural member, no damage to the specification of the equipment will result so
that the strength or efficiency of the member is in any way reduced.

Where any work of this nature is to be perfonned and the supervisor is unsure of the consequences of the job,
another opinion will need to be sought from ahigher authority.

9:2:7. Welding in Confined Spaces
\Velding in confined spaces will require that the supervisor ensures;

any welding to be conducted in a tank compartment of any kind and regardless of its feamrcs, is not commenced
before it has been inspected and ascertained that it is safe to proceed with the job,

a person who is designated to carry on the job is familiar with the work and that the compartment is free of any
noxious or inflammable vapours,

air blowers are placed strategically to pick up and discharge any produced fumes,

ready access to and from the place of work is freely available,

at least one other observer is in attendance while the job is in progress and th;Jt the werder has a life line (0 signal for
rescue should difficulties arise,
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Rig Safety

no person is pennitted to enter the compartment if there is the slightest doubt that sufficient air to support life
without self containing breathing apparatus is available,

service or connecting pipe is inspected and is to the requirements stated in the above and

where-ever possible, positive closures such as blind flanges, bull plugs or locked valves are employed on pipe lines
entering confined spaces whjle this work is in progress.

9:2:8. The Use of an Observer
Welding operations on the rig unit and within a 15 meter radius of the well head shall not be permitted unless an
observer is present to watch for flying sparks and falling slag so that no fire hazard is permitted from such an
occasion.

V/here welding operations are to be permitted within a 15 m. radius the well head while drilling is in progress, the
welder and his observer are to arrange a system of signals which will provide for ajob to be shut down in the event
that a hazardous situation arises.

9:2:9. Electric Arc Welding
Inspection by the supervisor should ensure that;
the welder on the job is experienced and qualified to carry on the work which has been planned,

the welding equipment, leads, ground tenninals and the environment \vhere the work is to be carried on are
satisfactory for the completion of the work,

a ground return connection is not made through a conductor such as a pipe or other object \vhich mil)' contain

inflammable liquids or gasses and

the connection is similarly not to be made through other cables, conduits, chains, wire rope or cnrriers of this nature.

9:2:10. Operator safety
The welder and his assistant observer are required to be correctly attired and equipped for the duties of c3rrying on
welding operations.

Clothing which is protective of sparks, hot slag, and ultra violet rays are necessary and should cover the hole body
below a mask.

Shirt sleeves are to be rolled down.

Welding masks and goggles for electric welding and tlame torch \...·elding and cutting as well 3S gloves are to be
supplied for the welder and his observer with any \".:elding rig.

Shielding to protect other crew members from any hannful effects arising from welding practice must also be
provided.

The work area should be recovered a the completion of the job and it is important to dispose of any rod ends that
have been discarded.

38
I'ECTIL ENGI",[t:IUr-.;G 26 COUN STREET WEST PERTH \VESTERN AUSTRAUA6005 TEL (619) ~81 332:: FAX (619) ~81 3330



Pectil Engineering Services
Oil & Gas Drilling Engineering Consullanls

RIG SAFETY & EMERGENCY RESPONSE

Rig Safety

9:2: 11. Oxy - Acetylene Flame Cutting and Welding

Gas cylinders are to be stored outside a 15 meter radius of the well head and should be handled in a cradle to prevent
the possibility of damage.

The cylinders should be stored and secured in an up-right position and capped unless they are in use. Ensure that
cylinders which have been in use and are to be transported off a location, have been recapped for transport.

The storage area at the (ocation should be one that is free from grease or other lubricants since these materials on the
bottles and hoses will present a fire risk.

Cylinders should be stored in a protected location on the rig, out of the direct rays of the sun, outside any fire risk
area. away from corrosive chemicals and out of work areas where they may be exposed to sparks of naked flames.

The cylinders are never to be used for jobbing to act as rollers or supports for other equipment.

It is important to match correctly, regulators and gauges for the gas rig. Never allow an oxygen regulator to be used
on an inflammable gas bottle and ensure the rig personnel are familiar with colour codes for the appliance.

Never force threads or connections when breaking down or assembling the regulators. Always keep the tread area on
bottles and regulators clean and away from haml when they are not in use. I f leaks are to be explored, use a soap
solution to detect any leak; not an inflammable solution. Don't permit any torch work using equipment which is
leaking or defective in any other way.

Don't use oxygen as a source for compressed air or penn it acetylene to escape into an enclosed space.

Ensure that the welder is experienced in the work that has been scheduled and that he is qualified to carry on the
work. Supervise each job until inspection confinns correct procedures for handling the equipment are being
observed and the work is being carried out in accordance with the job detail.

9:2: 12. Safety Responsibility
It is the responsibility of the operator company to provide its emergency response programme for the handling of
toxic hydrogen sulphide gas which may be vented \'Y'hile drilling. The occurrence of the gas is to be fully reported in
the daily log and a full written report is to be made of each incident involving detection of the gas. The operator
company may delegate duties for the safe handling of the gas to the Contractor Rig Supervisor in any situation
which involves its occurrence during drilling operations.
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RIG SAFETY & EMERGENCY RESPONSE

Basic First Aid

9:4:1. First Aid at the Rig Site

Personnel at the rig site are trained to perform First Aid in the event of accident during operations to assist an
accident victim prior to any requirement for additional professional medical assistance.

A First Aid Certificate is a valuable qualification to have and can result in tIle saving of a life. All crew personnel
are encouraged to train for this certificate and are assisted by contractors to obtain the certificate.

Emergency procedures (including communications with head office) needs to be fully explained by the person in
charge at a location and strictly adhered to.

Even minor injuries should be treated and reported on an accident report fonn. It is imporam the accident victim
complete a Workers Compenslltion Report Form as soon as possible after any accident which involves such a claim.

9:4:2. Basic First Aid for Wounds
Any break in the skin can become infected if it is not promptly treated and the first aid treatment should be aimed at
stopping any such jnfection from happening. Wash your hands before attempting any first aid.

1\linor or Superficial Cuts, Scrapes or Scratches
Cleans the wound with a cleart gauze pad or cotton wool using warm soapy water or a mild disinfectant, mJking
sure to wash Clway from the wound and not towards it.

Rillse after cleaning with clerln water and dry.

Apply antiseptic spray, cream or lotion to cover the wound and hold a gauze pad firmly to cover the damage.

Tape or bartdage the gauze firmly but not so tight as to interfear with circulation.

Do not use skimpy dressings but make sure the \vound and surrounding area is adequately covered.

Do not use cotton wool or adhesive tape directly to any part of the wounded area.

Deep Or Extensive \Vounds
Control the bleeding using a clei:m gauze pad and pressure over the wound.

If one ped becomes saturated place another on the top of the first pad and continue to apply pressure.

\Vhen the bleeding stops bandage the wound fimlly but not too tightly.

If bleeding from a wound on a limb continues unJbated, apply pressure to the artery \.... hich supp'lies the limb.

Should this fail it is necessary to apply a torniquet. Once a torniquet is applied it is not removed until a doctor has
been called to the victim. It may be loosened for short periods from time to time on the advice of a doctor before he
reaches the victim in order to permit cjrculation to the rest of the limb. A tomiquet is made of fiar material about 5
em. in width and is applied to the normal skin about 2.5 cm above the wound.

Obtain medical assistance as soon as possible.

Watch for any impending, sign of shock and treat immediately if signs become obvious.
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Bosic First Aid

Deep Puncture Wnunds

Encourage bleeding by applying pressure around the wound.

Rinse the wound with clear water and cover with a sterile pad held in place with tape or a bandage.

I
I
I
I
I

Seek medical assistance.

Wnunds with Fnreign Bndies - Metal, Sand nr Glass etc.
Do not attempt to probe for foreign bodies but pick off any particles which may be obviously removed. It is better to
cover the wound with foreign bodies and all using a sterile gauze held in place with tape or a bandage.

Seek medical assistance as soon as is practical.

Injuries Caused by Crushing.
Lay yhe injured person down and cut away the clothing from the injury.

Control bleeding with gauze pads and treat the victim for shock.

Wrap the injury with gauze pads and bandage well. Keep the injured part of the body elevated.

If a fracture exists, splint the limb befor moving the victim.

Request immediate medical attention.

9:4:3. Froctures
Fractures may be either simple or compound. In the cose of the simple fracture a bone may be broken but the skin is
not pierced.

Compound fractures are generally more serious and involve broken bones with pircing of the skin. In these cases
there is likely to be 0 wound above the break with bleeding and the bone end may protrude from the skin.

Fractures may be recognised;
v,,'here a victim heard the bone snap and can feel grating,
where pain or tenderness exists in the region of the break,
where partial or complete loss of the use of the limb exists,
where there is deformity in the limb or
where the limb is abnonnally positioned or shows swelling or discolouration.

First Aid Tremment
Do not move the injured person more than is necessary.

Where possible merely place a bag of ice over the fracture and seek immediate medical assistance.

Ifa fracture is suspected treat it as the real thing unless a doctor tells you other wise.

Treot for Shock After the Injury
Ifthe injured person needs to be moved it is first necessary to apply splints to immobilise the limb
handle slowly and gently onto a stretcher.

43
I'ECT1L ENGINEERING 26 COLIN STREET WEST PERTII WESTERN AUSTRALL-\ 6005 TEL (619) 481 3322 FAX (61() 481 3]}0

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Peetil Engineering Services
Oil & G~s Uri/ling Enginccrillg Consultants

RIG SAFETY & EMERGENCY RESPONSE

Production Testing

9:3: l. Production Testing

Well testing is supervised by the operator and crews for drill stem testing are supplied by service companies who
supply down hole tooling and specialise in these operations.

Contractor personnel are provided to assist in the operation and the supervisor and or driller are general(y required to
run the down hole string with the assistance ofa nannal floor crew.

During the testing the driller is retained to work the string. Reporting for a drill stem test is from the time the string
reaches the down hole location in the well, until the test tool is brought back and laid down on the surface.

Some Operawrs have especially prepared emergency response procedures for test operarions and these may be
distributed on the location.

The supervisor will inform crews of their assigned duties in the event of any emergency.

9:3:2. Procedures
The Contractor Rig Supervisor is required w notify all crew and Operator personnel that the rool is positioned down
hole and that testing is to commence.

The supervisor is required to ensure that;
adequate signs Jre placed on the rig to inform all personnel that Jil welding operations are suspended for the
duration of the test,

the signs should also warn that no naked flame is permitted on [he location during this period,

no smoking is permitted on the location during the test, either in or away from designated areas,

smoking is confined to enclosed accommodation areas only,

fire fighting equipment which has already been strategically positioned should also support the drill floor and the gas
separator locations and

all available water outlets and hoses need to be run tested before the test is commenced,

The Operator is often obliged to provide self sustaining breathing appararus and gas masks on the location in many
areas for test operations. Condor Oil Investments Pry Ltd may be requested to provide this equipment in the event
nnd should have access to and be able to supply the necessary items. frequently one oxygen mask for each 3rd. man
working on the test will be required.

Great cure is required by crews working on the rig floor in order that no articles of equipment 3re carelessly
permitted to slip down the hole. Maintain the drill floor so [har all tools and other test tool items are handled away
from the well head.

Drill stem tests are not scheduled to commence during hours of darkness and are programmed to be completed
during daylight hours. This is not the case for wire line Formation Interval Testing however.
Only persons directly connected with the test are permitted in the area of testing or on the drill floor.

Test supervisors and service personnel conducting these tests are frequently \vorklng under difficult conditions and
are grateful for quiet assistance offered by crews.
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Production Testing

9:3:3. Gos Detection During Drilling & Testing
Gas detection is the responsibility of the operator company, and in normal situations two gas detectors are employed
to detect and record flammable vapours around the rig and ot the well head discharge.

Hydrogen Sulphide Gas - (H, S)
Hydrogen Sulphide gas has not been reported on drilling operations in this basin during past exploration. Where it
occurs the gas is normally controlled by attention to drilling and mud engineering practices.

Because of the highly toxic properties of this gas and its free occurrence in nature much effort has gone into
understanding how to combat its deadly release from wells, particularly in wild cat drilling country where it may not
be anticipated as a source for concern until it is too late.

The price of that neglect has often been catastrophic loss of life. Hydrogen Sulphide is a colourless gas which is
heavier than air and soluble in water. In minute quantities it has a smell similar to rotten eggs (rotten egg gas).

Detection of the gas on a location by smell alone, is not an effective means for monitoring its occurrence since a
person exposed to this gas in concentrations of 1 to 2 parts per miHion for a period of2 to 15 minutes will loose the
sense of its smell.

From concentrations of as little as 2 to 200 ppm people exposed to the gas will loose their sense of smell for the gas
and will suffer burning in the eyes and throat.

At a concentration of sao ppm in air ( about .05%) the gas causes loss of the sense of reasoning and balance and
respiratory disturbance all in the space of from 2 to 15 minutes.

At 700 ppm an exposed victim quickly looses consciouses and breathing stops.
At 1000 ppm an exposed victim immediately looses consciouses.

Such is the concern of this industry, and it has many examples which are conclusive for its appreciation of the life
threatening properties of the gas, that it has spent many millions of dollars to educate, and train its people in safe,
effective methods for handling its occurrence when drilling.

The progress towards safe handling for the occurrence of hydrogen sulphide gas in drilling today means that any
catastrophic event from its eventuality has resulted from a lack of planning foresight.

The booklet which is enclosed in the appendices of this manual deals with all aspects of hydrogen sulphide gas; its
properties and its occurrence, procedures for monitoring the gas while drilling and procedures to be adopted when
detecting the gas while drilling, first aid and resuscitation then fmally toxicity and symptom behaviour.

41
I'[CT[1. ENGINEERING 26 COLIN STREET WEST PERTH WESTERN AUSTRALIA 6005 TEL (619) <lSI 3322 FAX (619) <lSI :>:;:;0

I
I
I
I
I
I
I
I
I
I
I
I
1-

I
I
I
I
I
I



I
I
I

Pecti] Engineering Services
Oil & Gns Drilling Engineering: Consult:JlI[s

RIG SAFETY & EMERGENCY RESPONSE

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Basic first Aid
In case ofa compound fracture the wound is covered with gauze or a clean cloth and pressure is applied to control
the bleeding before any required splinting is applted. Never attempt to push a protruding bone back inca place

9:4:4. Burns & Scolds
Bums and scalds are classified in degrees of severity.

First Degree Burns are where the skin is reddened

Second Degree Burns are where blistering occurs

Third Degree Burns are where skin is charred or cooked.

First aid in the treatment of burns should be aimed at relieving pain, preventing infection and preventing or treating
for shock.

There are a number of important' DON'TS 'associated with the treatment of burns.
don't touch the burn with any rhing which is nor clean
don't use butter, oils or boric, tannic or picric acid based ointments
don't but absorbent cotton or blankets directly on a bum with broken skin
don't break or drnin blisters
don't delay first aid treatment for shock in cases of serious bums
don't delay obtaining professional medical assistance

Treatment of First Degree llurns
apply antiseptic~ analgesic bum ointment, cover with a sterile gauze pad and bandage firmly

Treatment of Second Degree Burns
administer first aid for trearing shock

If the victim is conscious and thirsty and there are no abdominal wounds it is advisable to give, freely, a weak saline
and bicarbonate of soda solution. Prepare the solution using half a teaspoon of bicarbonate and 2 heaped teaspoons
of salt in a litre of \.vater.

Remove clothing from the bum being careful to cut around any cloth sticking or fused to the bum.

Cover the bum area with sterile gauze or a suitable substirute such as a freshly laundered sheet or pillm.... case.

i\1ake the victim comfortable and warm whiJe seeking immediate professional medical assistance.

Third Degree Burns
Immediately administer treatment for shock.

Do nothing to the burn but cover ir with sterile gauze pads or cloth.

Seek immedime professional medical treatment for the victim.
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Basic First Aid

9:4:5. Trcatment for Shock

Shock is a serious depression of vital functions that can often accompany even moderate injury.

In all cases of severe injury first aid for shock should be given immediately. It is important not to wait for shock to
develop and to act immediately by keeping the victim lying down, warm and with an adequate supply of fluids.

All or any of the following symptoms may be present immediately followin an accident or may develope over a
period of time after the event.

weakness, faintness, mental sluggishness or collapse,
paleness with cool or clammy skin,

drooping eyelids, eyes vacant and dull or dilation of pupils,
rapid and shallow breathing,
nausea and/or vomiting,
rapid, irregular or weak or too weak to fee! pulse or
unconsciousness.

Treatment
Lay the victim on his back with the face upward.

Loosen clothing and elevate the feet about 30 to 50 cm. or,

For a head injury elevate the head instead of the feet.

For chest injuries and breathing difficulties elevate head and shoulders

Keep victim comfortable and warm with top and bottom blankets.

In hot weather do not make the victim uncomfortably warm.

Conscious victims with out abdominal wounds should be provided as much fluid as is comfortable for them to take
provided they are not nauseous or vomiting.

A teaspoon of baking soda with half a teaspoon of salt in a litre of water is suitable as a fluid or orange juice and
other soft fluids may be used.

No alcohol or stimulants should be administered.

Attend any injuries and keep the victim quiet Jnd comfortable while waiting for professional medical assistance.

9:4:6. Responsibility
First aid practiced at a drilling location is the responsibility of the rig Safety Officer who is trained as a First Aid
Orderly.

The Officer is responsible for carrying out first aid on any victim injured at the location, for dispatch of any
seriously injured victim in an accident and for the requesting of medical assistance for the victim of an accident.

This person is also responsible for reponing accidents and dispatching alJ correspondence associated with the
mishap Jt the location.
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SHITTIM lA
STRATIGRAPHIC SLIMHOLE DRILLING PROGRAM

CONTINGENCY WELL PLAN
BLOWOUT PREVENTION AND WELL CONTROL

RIG SAFETY AND EMERGENCY RESPONSE

APPENDICES

DIAGRAM SITE PLAN
BOP STACK INSTALLATION PHOTO
RIG FLARELINE & FLAREPIT PHOTO
TABLE API TYPE 6B - 3,000 PSI FLANGE SPECIFICATIONS
DIAGRAM API TYPE 6S FLANGE DIMENSIONS
TABLE API TYPE R RING-JOINT GASKETS
TABLE ASTM FLANGE BOLT & NUT SPEC.
WORKING SKETCH PORTABLE CELLAR DIMENSIONS
WORKING SKETCH BOP, DIVERTER & KILL LINE
WORKING SKETCH MUD & CEMENT PUMP DISCHARGE MANIFOLD
\\lORKING SKETCH FMC BEAN KILL PUMP 1,500 PSI DISCHARGE LINE
WORKING SKETCH GENERAL HYDRAULICS BOP CLOSING UNIT PARTS.
PRESSURE CONTROL WELL KILL SHEET
TABLE D3 & 04 PHYSICAL PROPERTIES OF DRILL RODS AND CASING
TABLE WIRELINE BITS AND REAM SHELL DIMENSIONS
DIAGRAM NQ CORE BARREL ASSEMBLY DESCRIPTION
DIAGRAM NQ OVERSHOT ASSEMBLY
3 WORKING SKETCHES H\V I HQ I NQ DRILL STRING ASSEMBLIES
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NomUlal ,,,
Oulsi~ lOlal Bdli(; D<ameler aI Qi.Il'"o:!!eI o;ol'Tl6lar 01 Humt>e, Oi,lmmr lenglh 01 Ring"joint Pilcn oiam

size ana nomjnal diameler thicknBI Inici<,'ess laiSo!O:l lace o! MuO tlcMl circle 01 bolts ot bolls sluO tlolls T~pe A ar RX 01 groo.e
t>ofe (1) 5,a 0 E E mini 0, mini D. 0, 0,

r 1)/15" 1 \12 6 1/8 , 118 7/8 J 9/16 1 '" ~ 1/2 , ,I< ~ 1/~ 10 2 11/16

1 , I 15 2 5 112 , 5/16 , 4 1/4 , 5/16 , 8 518 4 1/2 1J 3 ",
1 9/16 2 1/2 7 , /2 , 7116 1 1/8 , 3 15/16 5 liB • 'I' , 25 ,
, 118 , 8 II ~ 1 9/16 1 1/4 53/4 , '/8 65/8 8 3/' S 1/4 J1 ,

'", 1/16 , 103/4 1 lJ/16 1 I I( 5 lI8 6 8 1/2 8 7/. 6 J:' 5 7/3, lIS" 5 IJ 1 1/16 1 3,' ~ 8 1/4 7 7/16 10 1/2 3 , 63/4 " 7 '/8

7 1/16 6 " 1 3/16 1 7/8 9 11'2 8 '" 11 112 11 , 7 " • 5/16

9 8 16 112 1 '11 23/16 \ 1 7/8 10 ". 13 3/~ 11 I 1/8 8 " '0 ,'.
11 10 10 2 131 I5 2 1/2 I< IJ 1/1 17 16 I 1/4 8 J/~ 53 11 'I<
IJ ". 11 12 2 15/15 2 ~/8 16 1/~ ,,

'" 19 1/4 10 1 1/~ 9 57 "
16 'I< 16 17 3 5/!!, , 10

"
,11 23 3/~ 10 r 1/2 10 l/~ 05 " 111

17 3H o

" 29 1/4 3 91\6 3 1/4 n 5/8 " 1/1 25314 10 1 ~/8 17 " "
" ,I< 10 J1 , ". 3 1/2 " " 28 1/2 " 1 5/8 11 3/4 " "

I

'~,"
"',
.~
.~-



>,10'92 1S:36 09 370 2007 CENTURION MIN!NG PRODUCTS
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OOS POl

=========~F.~Qgl~J1~P~~~IE~N~'!;:!';;:CIFIC REQUIREMENTS (continued)

72 AI'I"IHlcaA Petroleum 1"8tilu~
~======~==,,~"

TO,. VillI!

"

•

".' .

eOL r ~IOI",.c ctNf(ALI""r
LDc"r£c rlfHIN 0.0'
OF r""rQ~rnCAI. ~,C.

".NO 'OUAI. S"AClrUJ

~IN(J ORDD"'f
Must BE CONCf/-HAIC
WHH 80RE WlrJ'lI~

0.010 TorA.L INDICA ro,ll
fWNOUr

0.12 1I/1~

TA8LE X AS
TYPE all FLANGES FOR

~OOO I II HATED WORKING PRESSURE

Flo ANO£: SEC nON
IN T£GRA~ cLANG.

X
"UE~ENC(

C)J,lEH!i;CH 00

L~ ,:, I
\C:-LA-__ l I

~"--_:~~~J
o~ '--c ...... x l' •. ;

1-__-+_ r~~'

•

, ;

".',

~
~
~
~
II
II

~I
. II

--.-.,---------..,-'-'-I

" Boltlns: Dimen.lona -t.

,I I
"'J

~ ..~ -,
i~ i ~j ~-l ~J ], ~, !~ 11 ;J
'~~ '- \J !J :C£ n'9'" i5~ ~~I~o ~ .. cS; 6J "''I 6, .:101
T Q x Be . L_

I.~1 1.50 4.12 6.50 ~ " 1.00 +.06 6.00
I. 94 1,52 4.88 7.50 8 1 1.12 +.06 650
1.81

~'~~ ~:~~
7.S0 8 " 1.00 ',06 5.UU

,~, ',~':~ ,~
1:\ 125

:'~
7,00,' "'" 0" , ,; • n< OM

1.81 2.50 Il.7n 10.[,0 12 I~ l.60 +.06 9.00
l.')6 2.1" IUO 18.50 16 l~ 1.50 +,06 9.60
.. 44 U2 IO,5Q 21.00 20 I~ UO ',06 10,25
:!.94 3.5U 20.00 24.20 ~U I~ 1.76 +.09 . 11.76
4.75 4,25 24.50 29,5U 2u 2 2,12 +·09 14,50

_l:.J ..... _ ...... ,...•._,._ ...

~
~I
~I~., , I, " i5'~::5 "

L: ,

BiLsle FlfLnKfII lJlrne:} lion

'·1

",

j

I



- - - - - - - - - - - - - - - - - - - - -
400 M 12 M 13 401

oss secl,on IS requlled In 11I1gS RX . 82 I/llouyh fiX

API TYPE RX PRESSURE ENERGIZED
RING·JOINT GASKETS IAPI Spec 6Al
in 68 flanges and segmented flanges)

All dimenSions in inc~es

(for use

91 only

--

Ovl5ioe TOIJI WIOlhRing !l1~m~lef
PitCh APPlo~imate dislClnce

numLer 01 rin9
wiiJlh of Ilul Heigh! diameler oelween m~de·up

H
0 I f 01 9foo~e lIanges

nx ?O J 11"n 0.11:12 ~,'4 ~ 11116
flX23

3,S
3 ~J 51 15'3? 0,251 I ] '" 1532

ILl 2,1 ~ 11 61 15 J'l 0,754 , 3 JI4
nne; ~ IJ 32

15,'J2
1532 u.254 , , 15'32

RX 27 ~ 21 32 15'32 0.254 , , 1/4 15']2
Ox 3 I :; 19 5~ 15,32 0.25~ I • 78 15,)2
IlX )5 5 516~ 15,32 0,25~ , 5 J.8
rt:< 37 5 19 G~

15 3?
15.3? 0,254 I 5 7,B 15m

flO,) 6 51 61 15;)2 0,254 I 5 );8 15')2
flX 41 7 )5 6~ 15.'3? 0.25·1 I 7 1,8 15'31

RX ~" 8 J6~ 1532 0,154 I 7
AX ~5

5:8 15,32
3 ~7 5J 15 )2 0,?5~ , 8 5.'16 15.32

AX!5 8 J , 17;32 0,263 I IIIl 8 5n6 15'J2
AX IJ.7 92U2 25. J2 0,407 , 5.-8 9 2)J2
RX 49 " 36' 15 32 0,2':.·\ , 10 sa
IlX 50 532

1532

" 21,32 U,JJ5 , 1,'4 10 5 8 I~ 32
IlXS3 13 11.5~ 15.32 U,5~ , 11 3!4 I~.-32
AX 5~ n 032 21:32 Q.D5 , 1/4

"
)q _15'32

flX 57 15 27 6~ 15,32 0.251 I 15
nx 53

1532
17 25.{j1 , I.: 16 0.582 2 16 li2

nx G5 IBS954
27 )2

15,32 0.25~ , 18 1,2 15.32
AX 55 '9 \,)2 21,32 0)35 ,

'" 18
RX fig 21 27 5~

li2 15,)2
15 J2 0,254 , 11 15,32

fiX 70 2121.32 2532 0~07 , 5,i8 " 2J;J2
nx 7) n 1532 17,J2 0,253 I 'I' 7J 19n
Ax 7~ 232132 25,]2 0407 , 5,'B 1J 23 32
Rx a2 '} -1J 6J '5'~2 0.25,1 I 1
11x a·I 2 59 6~

li4 15 )2
15 12 0,2~·\ I 1 1;2 15.32

nx 85 3 35 6~ n,n O,<'6J I 3 I is J 8
IIX Hfi 4 561 19 32 0.335 , 1.8 9115J J.B
RX B7 ·1 29 6~ I'U2 0,J]5 , 1,8 J 15J15 3.8
IIX 80 5 J I 5J 1\:16 0,~07 , ,,4 , 7.:8 J.8
I1X 89 , 7.6~ n32 0.·101 , ", ,

'" J-a
Rx 90 6 7,8 25 32 0.·179 I ],'4 5 La 23,32
RX 91 " 19, 5~ I J:16 O.7JO 1 25 ~32 10
IlX 99 9 43 61

1:4 ] 4

15)2 0.25~
, 9 1.. ~ 1532

HX 201 2.026 0.226 0,126 0.4~5 -
Rx 20~ 2 29 64

-
7;32 0.120 0.137

fiX 210 J 27.32
- -

3B 0.213 0,750
RX 215 5 355·1

- -
1532 0,210 1.000

/;vle TlI~ ple,sUlc PJs,Jge !lole ,lIu~lr~led in the flX lill "

All dililcnsion~ in inch~s

API TYPE R RING·JOINT GASKETS
IAPI Spec 5A) Itor use in 58 flanges)

ov,ll

H"'9 P,Tch diJm
H,'i~lll 01 fln~ W,c:h 01 IIJI ApOIOtirn"lc

Io'I"ill' -_., --'-- octagonal dislJnce be:w~en

nU:llber 01 ling 01 ring OYJI

0 I
QClagonal IIn~ ma~eup

f IIangel

R10 '" " ~, 16 9 16 " 0,205
R13 J I.~ 7/ 16 , 1/16

51J2

", 5·5 0.305 3116
3 3,4 Ii 15 II i16 5 a 0,J05 3/16

015 , 71 16 '1,16 5'8 O.JUS
nn 4 1,4 i'i I6 , Ii 16

J!l6

n 3 I 4 7,'
5'8 0305 JI 16

7· 15 11"'5 5R 0,305 Ji16
II 35 5 3. 7, 16 11116 58 0,305 3' 16
Rll 5 7·6 "5 1116 5, A
HD 5 J8 7, If;

0,305 J'16

R" 7
11,,\1) ~,~ 0,)05 J! 16

" I,' 16 11/16 ~ ~

R" 7 58
0,305 lila

7i 16 , li16 5. 0.305 3116
"5 • 5,16 7,15 \ 1116 53 OJOJ
R ~6 8 5,16

3116
J.2 3" 11, ,6

5 47 9 3,4
O,3~ I '"I 15;16 O,~S5 sm

1\19 " 5;'S 7/16 I III 6 5 B 0,305 )!J5
R 50 " 5:8 S'B li8 13'16
n 5J 12 )~ 7; 16

o,~ lJ S.'3Z
11116 5 8

A 5~ ,2 ),'4 5.3
0.305 )116

71d lJ 16 O,~ \) 51)2
851 '5 7,16 I 1'15 5 B
RCJ " ,,2

0.305 31\G
I , 5 15 , ", 0.5al

05\ " 1,2 7'16
7iJ'l

" " 5'8 0.305 JI16
~ 66 '" l'2 58 78 I}' IG

8 69
o~ 1) SJj2

" 716 " 1& sin 0)05 ] 1&

5 " " J,~ , I
RlJ 13 1.2

0,~B5 ] 1&
): 11 16 0.3~ I

,.
R l~ 2J J , , 15 16 0,~85

881 2 1{1
),15

7116 - 58 0.305
ns, 2 '" 7, 16

J'16

R85 ] , ,8
- \8 0,J05 316

12 - I' 16 0:3~ I
R 86 3 9; \6 5 8

IB

A 8: 3 15116
- 13,16 o.~ I] 5 J2

\ 8 - 13 Ie. 0.413 5 31
RBe ,

'" ]I

R59 4
- 15 10 IJ, ~a5 ),16

'" 3 , . 15 16
ROO 6

0,185 J;16
16 78 -. , 1,16 U,58)

591 " '" I I , 116

R 99 9 I iJ

,
"

0,879 51'
, 1& 58 [l.805 )16

~,

,

i· \
~,.

1 h
>

,~.. ~
'\\
10
7','
,,':

.j ',I
~,~ :

·.~I :1r'-" .
)'j'

I' ~

H I
i

~~.

I'.'If
.}~

~
$~ It,~.

F' I

f if:;: I
. ~\

I:, \ij
\tb.

I
I
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I

I

I

I
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I
I
I
I
I

,
I

I

I

19519.01

'BI17G~1

1f,J

'"

10'

16i

'':':l; ,
".

>:1

1~1)'J~·5J I
ijO:'O·~

I - I -
n 1 19ooo·n 1 '~'"n

"

4'/,; IS,X'C' I u,/. 'A': 8 1 5~\7-<S~-!C ,2155·19·11) I 195~~ I - __ I - I -

No,' J.XO ",,'. ;':, --!-J ,;,?v·..e-;"o \ ·,?3'5~.1J.ltl " 7';~9'?l !;I; 5S90,'6 I 3/ I 1)100)-3; 'lla

4'/,; mo I I'::. 8,/; 8 I ~915-'1,lil I 129SS-~?,10 ?g5.~-C4. I ~ I t~~·,~ 3'9 1 '900J·~~ '11i:'

~'I,: 100:" I "~" 8'.'1! I S9~":'2J"O 1:('95~·IJ..'(i I 7'WS'·OJ -; I L

4'1.,' '2Q'XI \ 'i,·· 11"- a 1 5912·20-10 I 129S5-12-~O 195~~1 J,; 6.590-'6 J7 I 19000·31 ";"

~',t';:OOOO I ,..•.• 9'h" 8 I 591~.JB·l0 129S5·17·1et ~ 1~~<;.().t \ - - - \ 15:1 I

3'/,,' 15.000 1",\,"' a' 8 I S91":·~S·10 J 1295S-13·10 l 7~~·03 i - - - \ _ 1!j...l

)'j•• l0.[YJO I" , ~'1" a 1 591).1'/.1!;1 \ 'c:'3~').n"Q ~ 7\15'H2 ~ - - _ I - I 1~

RequIred for Boiling Two APt FI~n9u Teg-eth£or

'"1';,; y!JO .,". r a I 5'9:3-"-'0 '2'9~S,"-IO I 79:59·0'2 I 71 5~SO'17 V ( 15'000·'21 I '~f,r - 1 -

1.'1." 'O,Q:)J I 1;:. 5'1': 1 ~ 1 &11i·OS·1C 129~S-07·10 I mg·" I - - I - i 152 1

111/'1" 15.1;:00 I +;" ~ 5'1.'" 3 j .s~11·10·'O I 12'6SS-0i·1Q 7950;·11 - l _ _ I - '150 lM7S...{1I

ASTM A193 GRADE 87 MATERIAL· SOLTING
ASTM A194 GRADE 2H MATERIAL - NUTS

STUD BOLTS, NUTS, RING GASKETS, AND WRENCHES

1548

LAND AND PLATi=ORM PRODUCTION

~:' YjJ l I',;' --10" \ ,,~ I ~;~7.JJ~·:O I 12955-0i?,~C I ~?~g.(l5 I S.J I 65;(1-0; I 5J
: 11',~(1 i~,i" 14'/:' 12 I 5S3'1~\·~';, Ie 1295~·~7,10 I 7'6~9·,JJ ) ~ 65~,SS ~ I

*" 7'/,(::.JOO ",;'. SYI' ,~ i 5~'.·~~,10 I '29~5"1J,10 7V~~-oJ A~ l e~n.(J1 ~)! ·.900:l.... ) I 'If)l 1
,'/,;!>COO 11.,"' 111/,' 12 I 59\~·~5-10 1('955-19·10 ?~59·0S ~ i ~~9'J,3a 4.d I l':lOO')..4S ".;,. I - ! -

Ot>~ Dlr:. (' API ,5DDO P~' "'.0 1 ~('!O ';'"::'~I

-to' bl.~A IllJd.1 ""~nl!:I, ,,'os;! r,"rd! rd!~o"d ",,"" "~'il'IOfl (.IOJ

I
-~:'.' ,

1/1 'd

.-"-,-'" ..~--:-~.
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A

L! - hI /50C',/"SI r )---r/':;SJ.~d /CL-::/t.} ....;.
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/ ~ £JS;7 - / 0; '/ :/1C /I//I.JrJ /, /~o-

1'/ '
• 1.-' ,) I /~ liI);7} A/;/'/)c f: S ,

j c/;-{ " 0/1' (' _ / ,/ ,7/,/D i:J
0.:>. /)/;r?/ /'.-.s:,

) ;;:C 0/1 c 1/

/ x

/ x.

J y
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hILL SHEET SI LNITS .i G\)1
\\' r: I.L VULIJ.\n:s A ~'l) P;H:';':'ECU\{D~:D DATA

AllflCllllf Cap"lcily (lll'/m) ..
(I)l~)

wht~ 0 .. mm 10 of hole or cllImg, d '" mm 00 of plPC: or COUlfl.

~I12732-10

Section 0 d Gpacily x LcllgLh " Volwne Ongi.naJ Moo DcmilY (kg/m~) :::

MeJHUrcd Dep\h (m) =-

]PLIr.lp MI OU4'Ut (ml/sLk)::.

Pump M2 OU1.pU1 (mljstk)::.

• BOP Suclf\¥ellhcad RaLing (kPI) ::.

~• Casing Bunl Raling (API) (kPa) ::.

• Formation Rating (LOPIPI1) (kPIl) ::.

~Drill SIring Volume (m]) ::. •Full Annulus Volume (m]}:::

o H Ann Vol. (below Shoe) (m' ) ::. spjM1 Slow Pump kPl at •
In Slow Pump kPa It

SPj
PUMP STROKES DATA

•Dnll Slrin~ Strokes ::: Drill 5Lrmg Vol m] + Pump Oulpul m]lux ~ 'LX,0
Full Annulus Suokc! ::: full Annulus Vol m' + Pump Oulput m'/$l.k " 'LX',~IOdew Shoe Stroles ::: Vol below Shoe m] + Pump OutF'lt m]/~l.l. ~ ,LX,
TOLaI Slrokcs -0 ,LX, + ® ,Lk, - ,Lk, @

DATA RECORDW OR CALCl;LATED AFT~R A lUCK 11
SlOP? ::: 'P. SICP ~ <P. Pil G"in ::. m' TVD ~ m

Kll.L Mud Demil)' "
SIDPP ( ) kP.

+ ( ) kg/m] Orig Mud Density = 'gIm'TVD ( ) m x 0.00981

INITIAL Pump PreBure == SlDPP ( ) 'P. + S!uw Pump P'reJsure ( )'P. ~ 'P. 0

FiN ,\L Pump Prl:ssurc: ~

Slow Pump Prns ( ) kP.)( Kill Mud ( ) '&lm'
~ <P~jOril;illll Mud Dcnsity ( ) 'gIm'

nARYTES MUD WEIGIITING TABLE

Fun] Dent (kgJrn)) 1100 1200 1300 1400 1500 1600 1700 1800 19001Il:g inclemenL 1.J49 LJ9J 1,441 l.491 1.145 1.604 1.667 1.735 1.809

... TO! kg ~qd =( ) 1.:8 mer)( Mud difference ( )'gIm'x( )m' II:. Sacl.:. required =( ) TOLOI '8 + 40 ~ ( ) I&ckl ' I

CirculaLing Cuing Pre5surr. (CCP) SICP <P. - CUP <P. ____ <P•.

I

MAASP kPlI, is thc minimum of U\c Lhrce pr:-rccordcd pressure T1lUngl • j
and applies only up to © ( es, whcn thc innux is inside ca~ingJ1iner.

PRESSURE CHART
)strok

K.DJ.. MUD (SrAOKES) DRll..l.. PrPE PRESSURE 02.)

I+H+4··:~ l++ ++1+1 1 1it . .1 , ' .h++ 0 ( )QI.~+ ·-1+· ., , .. -
, ,iJ-
, , , , , , , , ,

'_ '--l ~ ; ~ ___ ' L I _
. ,~, ,

:j:++ -~jD~-'jj:' Ir1:ftt+
,

"Hi' 1+ 4-:- - -::-" ---i I++-- --j-j ;~ I

-;- ~: It - --I+it.· .. T ~+ + ":t:::=t- i+- , ' i - -; '" , ,

1,

,

- - , -
,

,
, T - . -

)1
, , ,

, ,
, , ,

0(
:+= H - - .:~ - ) (

; . - - ~ ,
+---+-+ -- - . -I .. -+

,
. .1

© 'I, , ,
Innux imide casi-,-H ,. ~-1

, c+ 1+~. T - T
,

@ 'eUf+++ ,

~ H- , ,

Tow Strokcl
~I+ 1+ I+I+H+l +1 Hi- 1+ +H , 1+

t

KJU... !v1UD rLJ~U)ED (S1"IWKES) __'>-
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I Diamond Core Drilling
Table D3: Physical Properties of Diamond Drill Rods

I
nlld Si/.l: Nomillal

00 * ID
(mm)

\\':111 TPI
Thichll~SS

(nun)

Coupling:
Dimension

(mm)

r\lass

kg/m

Ro~

Cap:lcity
litre 11 0 m

Rod Plug
DispLlccm':'lIt

litre 110 nl

8.71

607
9.61
15.07
23.00
35.05
61.35

9.6
15.6
24.3

3S.5

61 I

101.6

3S.3

I Table D·l: Longyear W Series Flush Joint Casing to DCDMA CODA & BSI Standards

I
nuu Size Nomin;ll

01) • lD

(111m)

'" ::111
Thickness

(1~1m)

Coupling
Dimension

(111m) kglm

Rod
C:lpacity

litrciiOm

Rod Plug
Displacement

litre 110 m

I
I
I
I
I
I

EW 46.0 • 33.1 395 416
A \V 57.1 *' 4~.4 4.35 :560+
illY 73.0 • 60.3 6.35 10.43
i\1V 8S 9 • 76.1 6.35 I1.S0
Hili 11,1.3 '\01.6 6.JS \6.83
Joints with 4 [hrc~,d per inch coupling supplied in 2 (609.6 ;TIm), 5 (1524 mm) and 10 (3043 mm) foot.



j
4.5 WIRE:"'1NE SiZES (0·5E.=\1::'5) I

a-Series, Diamond eilS3 '\ r: .0 ,.-",

\J \j ~O}

1
._.

,~

580.0. SET 1.0.

IIN IN

"-.... "" "" A C 0 G "
1875 I 062 2.281 1,937 1.660 1.095 1.437 \.597 1.656 1.825 025

AO
.:\7.52 29.97 57.94 49.20 .012.16 27.81 :}6.5O 40.56 42.06 -'6.61 6.35

J BO
2.345 1.433 2.625 2.250 1.669 1.469 1.612 2.001 2.063 2.280 025 I59.56 36.40 66.67 5715 42.:;9 37.31 46.02 50.83 52.40 57.91 6.35

2.965 1.875 2.522 2.125 1.125 1.906 2.375 2.597 2.&57 2.908 0.25
NO 75.3i 47.52 66.60 53.97 42.42 48.41 60.32 65.96 67.49 73.86 6.35

I HO
3.7S3 2.500 3.813 3.281 1578 2.531 3.062 3.313 3.375 3.711 0.25

I9558 6350 95.85 83.34 42.52 5<:.29 77.77 84.15 85.72 9426 6.35

PO
4.805 3.345 .::..627 4.120 2.919 :3.408 4.060 4.293 4.386 4.745 0.25

122.04 84,5-6 117.53 104.65 7.\ 14 86.~6 103.12 109.04 '11.40 120.52 6.35 I

] 2.980 1.7' '2 2.810 2.125 '.669 1.802 2.250 2.535 2.595 2.908 0.25 cl
CHD76

75.31 4:}.5 71.37 53.98 42.39 45.77 57.15 64.39 65.91 73.e6 6.35 Ii3.967 2.500 4.000 3.281 1.669 2.590 3.123 3.441 3.566 3.908 0.25CH0101
1eo.76 63.50 1016 83.3' 42.19 65.79 79.31 87.41 90.56 99.25 6.35 I
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11.75
90.51
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1439.55

518.30
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017 .45
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3.57
3.62

1549
2.05
079

2021
336.00
238.09

0.47
2.52
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5.30
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c3.98
87.05
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11 f .92
291.17

1008
20.53
2567
35.91

193.10
46.67
21 .11

211 53
341.04
300.86
430.40

31.55
57.59
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EFFECTIVE: 5.6.92

RSPLACES: 11.4.91

FOB f\OELA\DEIBRf\NCHES

SECTiON: 1A

i\USTRf,L1AN PRICE LIST

7

62.9 .'

171

WEIGHT

KG ADELAIDE

1•
1

NO
REaD

•
•

L5
•

j 0
.0

5.6
5.6

1 11.1

1 11 1
1 •
1 •
1 •
1
1 2.6
1 1.6
1 ,
1 23.3
1 20.0
1 35.9
1 35.9
1 •
1 1 8

.. "-'. i ':". ; '. ~ . < ~' : '.;:1,

NO CORE BARREL
ASSEMBLY

STOP RING

LOC:<ING COUPLING

OUTER TUBE 5FT
OUIE~ TU BE 5F I CP

INNeR TUBE 10FT Co

CORE L1FTEi1

OUTep, TUBe 10FT CP

I ANDING RING

INNER TUBE 10FT .

CORE LIFTER CASE

I,DA,oTOR COUPLING

TrlRE.~D PROTeCTOR

CORE LIFTER CP

OUTER TUB~ 10FT

INNcR TUBE SF I CP
IN,\lER TUBE SFT

SPINDLE BEARI\lG
COMPRESSiON SPRING

INelER TUBE CAP ASSY\2: -, TO -4 \
HYDRAULIC GREASe rflTlNG

CHECK VALVE BODY

SELF LOCC<lNG NUT

STAINLESS STEEL Bk.-L
INNCR TUBE CAP

co
CORE BARRELASSY1 OFT

DeSCRIP,ION

INNER TUBE ASSY 58

24909

2<1891

2.1892

24894

2·1300
4'::'.J07
24893CP
2~893

24310C?

4066~

24696

24910

24 891 CP

24695

24893

24397

24314
24313

4C677
37382

24889

25301

63510
63509

63511

PAR'
NO

9

33

22

33

33

30

21

23

26

22---2

33

31

25
25

23--3

23

20

1-35
1-35

ITC::M
NO

24

,32

[22-<'

, 22--1

123

1--26
1-2.6 63512 i/INNERTUBE ASSY10FT ...... ··t·:::.t··1t.21.:4·t
1-2.2 63513.··.·:·.··t ·HEADASSy·,t·: •••..••.•.••••.••••.•••.•.•••••• ····.·t·,·t·.·'.·':1/·.'··.'9.5t·

1 42913 SPeARHEAD POINT 1 •
2 15141 COMPRESSION SPRING 1 •
3 42914 On:::NT PLUNGER 1 ·
4 42912 SPEARHEAD BSE 1 6

5 42905 SPIRAL PIN, 7116" X I- I ·
6 42910 LATCH RETRACTING CASE 1 1.3

7 24305 SPRING PIN 1/2" X 2- 2 •
8 44733 LATCrl SPRING 1 •
9 40950 LATCH 2 ·
10 2~548 SPRING PIN. 112- X 1 112' 1 •
11 22646 Spm\lG PIN, 1/4" XI I,T 1 •
12 24883 LA I CH SUPPORT 1 ·
13 62625 BODY LATCH NO IND. ASSY(I3--1 TO-<;) 1 2.5
13--1 62626 UPPER BODY 1
13--2 23676 o RING 1
1:hJ 62374 STeeL BALL 1
i~ 62380 BUSHING 1
13-<J 63324 LOWER BODYIINCcUDcS PIN 62380 BUSHING) 1
14 24885 LOC:< NUT 1 ·
15 24886 SPINDLE ASSY 1 1.4
16 24887 SHUT OFF VALVE 2 •
15 44209 SHUT OFF VALVE NO ELAST 2 ·
17 24 888 VAL'/E ADJUSTING WASHER 2 •
1M 2'.312 BALL THRUST BEARING 1 •
186 18298 HANGER BEARING 1 •
\

~I
C1-

~l.-__

I
I
I
I

.-1
it
11
',1j.
1

11
,I
1
~il

]1
II
-,'-11
21.
II
~.
11i;1
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1
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REPLACES: 11.4.91

FOB ADELAIDEfBRANCHES

AUSTRALIAN P RICE LIST

EFFECTIVE: 5.G.92

SECTIUN.1(,

21-3

19

I
I
'-

31

16

25

15
23

~

~
o~=

30

I

'L~~
...... 1 32

'..J

NO CORE BARREL
ASSEMBLY

33

I

~

". q : .$(A

~.
~

';m
~

11
~

13
~
~~

II
II
~
~
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~
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0. 58
1

0.58

0.89

5.62

0.69 I

1.68

3.89

1.26

50. 82 1

67.04

6525

50.82[

189.53

11 ',3.90

273.16

BRANCH

'.626.85

57.23
2.20

46.4 i

41.32
7.56

1.84
0.37

0.58
189.63
14390

0.53
65.2G

67.04
1.6S
3.e9

273 16

1.26
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SECTION: 1A

/\USTF1t"lIAN PRICE LIST

EFFECTIVE: 5.6.92

RE.~LACES: 11.4.91

FOB ADELAIDE/BRANCHES

NO WEIGHT

REaD KG

'.' - .' 15.4

•
•

•

•

•
7.3
2.8

, • , 'I'1I : . .- j , .. , -, L" ~,,,, ':

r- ,r~ F~ .,' ~ PO'

.j. '0 \J _L U ~J

NQ OVERSHOT
ASSEMBLY

Se:' F LOCI<JNG NUT.l/2·-13UNC

BODY
JAR TUBe: ,VELDMENT

DESCRIPTION

44445
22917

44444

PART
NO

10
9

8

ITEM
NO

"NEIGrlS LESS THAN ON" POUND (45KG)" USE LOCKING SLEEVe FOR LOWERING
IN DRY HOLES ONLY. IT MUST BE REMOVED WrlEN HOISTING INNER TUBE.
NOTE. FOR USE WITC' THE KNUCI\LEi-'.EAD PIVOTING SPEARHEAD SYSTEM ONLY.

, 4"448 A, A r ,.
13 15965 LOCKING SLE"VE" 1 1.6
14 45582 SPIRAL PIN 1/4' X 1-1/2' 2 •
15 44442 S/LOCKING S(SCREW 3;ll--24UNF X SIS" I
16 44449 OVEP.SHOT HEAD 1 3.3
17 06951 COMPRESSION SPRING 1 •
18 42906 PIN. 112" xl 15/16" 1 •
19 14651 LIFTING DOG 2 .5
20 37394 SPRING PIN lid" X 1 3/4' 1 •

...

ITEM PART NO WEIGrlT

NO NO DESCRIPTION ReaD KG

1-20 68293 •. ·COr,1pLE.TEC)VE.RSHOTASSY6MM - 15.4

1 36244 CABLE CLAMP -EJ'-1M 1 ·
2 36243 . WIRE ROPE THIMBLE-6MM 1 ·
3 25991 EYE BOLT 1 •
4 25990 SWIVEL CABLE COLLAR 1 •
5 25986 NE"DLE THRUST BEARING 1 •
6 25985 CASTLE NUT 112-20UNF 1 •
7 "4615 COTTER PIN 3/32' X 3/4' 1 •
8 17447 HYDRAULIC GREASE FrTTlNG 1 •
9 44444 BODY 1 7.3

10 44445 JA.9 TUBE WELD MEN I 1 2.8

11 22917 SELF LOCKING NUT 1/2"-13 UNC 1 ·
12 44448 JAR STAFF 1 1 .1

13 15965 LOCKING SLEEVE~ 1 1.6
14 45582 SPIRAL PIN 1(4' X 1 1/2' 2 ·
15 44442 S/LOCKING SISCR EW 3i8-Z4UNF X 5/8" 1 •
16 44449 OVERSHOT HEAD 1 3.3

17 06951 COMPRESSION SPRING 1 ·
IS 42906 PIN 1/2" XI 15/16" 1 •
19 14651 L1F liNG OOG 2 .5

20 37394 SPRING PIN 1/4" X 1-314' 1 ·

, "'11 ,-

7).
;lJI

I
I

•,.

=J1.
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11
:.
I
••

JI

~I
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SECTION: 1A

AUSTRALIAN PRICE LIST

REPLACES: 11.4.91

EFFECTIVE: 5.6.92
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I
I
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Report to

Prepared by :-

PROGRESS REPORT

ONRESUL1'S

OF THE

SHITfIM 1.

STRATIGRAPHIC HOLE

CONDOR OIL INVES'IMENTS PIT LTD

EL 1/88

( - Directors of Condor Oil Investments

( - Director of Mines

( - Minister of Mines

Malcolm Roy Bendall
Managing DIreCtor
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JERICHO

Unfortunately due to the gas encountered in Gilgal 1 and the re­

examination of Shittim 1 revealing gas emanating from that well, the pre­

collar of Jericho 1 was not completed due to instructions from the T.D.R.
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SUMMARY OF CURRENT POSITION

Two stratigraphic holes were drilled to depths of 51 m and 81 m in north

Bruny Island in late November 1994. Condor is very happy to report that

gas flowed continuously from both holes and drilling was discontinued for

safety reasons. It is Condor's intention to resume drilling with a Blow

Out Preventor as soon as one is delivered from Perth. As drilling was

stopped following orders from the T.D.R. we would appreciate an

extension of the renewal date of our licence by six weeks from the date of

installation of the BOP on site.
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FOREWORD

There seems to have arisen a lot of confusion with the T.D.R. over

Condor's drilling programme.

This report is written in order to clarify Condor's position.

The Company is very pleased to report that there are continued signs of

gas inflow from drill holes on Bruny Island and as a safety precaution we

are happy to drill with a BOP as has been suggested by our drillers and

the Mines Department and insisted upon by the Company.

Condor has investigated arrangements for a BOP (Appendix 4) and upon

approval it will be shipped over as soon as possible.
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INTRODUCTION

This report outlines the continued signs of gas inflow at near surface

onshore Tasmania. Potentially it sets the scene for the establishment of a

whole new industry in the State.

As a consequence of extensive scientific research over a 10 year period by

various explorers, costing in excess of 3 million dollars, enough data was

collected (summary Appendix (1» to determine the location for a

stratigraphic hole onshore Bruny Island.

After a site inspection with the T.D.R. Representatives (Carol Bacon and

Dennis Burgess) on 17 November, the prerequisite requirements were

stated. These requirements were addressed by my letter of 19 November,

1994, and the first hole, Shittim I, was commenced on 21 November by

K.M.R. Drilling.

To ensure a good start to the hole, a five and a half inch rock hammer

was used, as a good pre-collar increases the chances of successful

completion to total depth.

It was intended to pre-collar the first 100 metres of the hole prior to

drilling NQ to 1000 metres.
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INTRODUCTION

The correspondence from the T.D.R., dated 23 November, 1994,

confirms "The hole is to be diamond drilled at core size H or equivalent

pre-eollar near surface", confirming Dr David Leaman's advice in his

letter of 21 November, 1994. (Appendices 5E and SF)

Whilst the rig was set up to pre-collar, it was thought prudent to put down

the first 100 metres of Gilgal 1 and Jericho I, so as their casing could be

concreted in and set before drilling re-commenced. As is outlined further

in the Report, due to gas inflow to Shittim 1 at 60 metres and gas inflow

to Gilgal 1 at 50 metres, the pre-eollar for Jericho 1 (figure 1) was

abandoned. This was at the advice of the Registrar of Mines, this verbal

instruction (Appendix 5 H) being confirmed by later advice in a letter of

28.11.1994 (Appendix 5 I). The rig which was moved off site and

stopped drilling, clearly has the capacity of coring N Q size as per

Appendix 1 specifications, the intention being to core to 500 metres then

swap to a greater capacity rig. The driller has a first option on the greater

capacity rig, which subject to approval is scheduled to be on site in early

December, 1994, on target for December 31st completion date.

Drilling records, sampling and detailed accounts of the two holes are

included in this Report.
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INTRODUCTION

Condor Oil is anxious to continue on its programme and is awaiting

clarification of the Departments new requirements.
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DRILLING

SHlTIIM I

The location of Shittim I (Figure I) was detennined by Dr David Leaman

through examination of geological, geochemical, geophysical and

topographical data.

Appendix I outlines his logic for siting the hole and was accepted as a

legitimate position for a stratigraphic well by the T.D.R. (Appendix 5,

14.11.1994) on their visit to the site on Thursday, 17 November, 1994.

On that visit a further letter from Dr David Leaman was requested

(Appendix IB) as well as other requirements including copies of

notification of the land owner which was covered in my letter dated 19

November, 1994.

Having covered all statutory requirements, the rig was shipped onto

Bruny Island on the 9.30 am ferry and was located on site (Picture 1) 30

metres above sea level and drilling by 12 noon on Monday, 21 November,

1994 (Picture I). Six and one half inch casing was set to 2.5 metres by

12.30 pm (Picture 2) and drilling ceased at a total depth of 81 metres

(Diameter 51/2 inches) at 4.30 pm, Tuesday, 22 November, 1994.

The hole was dry for the first 64 metres until hot brine returned at a rate

of 7000 gallons per hour with a distinctive strong odour (Picture 3.) The

drill dropped about .3 metre into a cavity at this point and hit numerous

calcite line cavities further down.
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Alluvium, rim r.rna dllposits,l/I(/oon dllposits, lind$lind (OM) It Crlldoc (EN 025280).

BlIlICh lind tidlll flIt dllposits.

Stllblllllnd mobilll dUfIII dllPosits.

Blown shIIIIt SIInd dllposits,· with undllrlying consolidlltlldSIInd (Ose) It South Arm (EN 401389).

Scrtlund tlllIS - prIIdomiflllntly dolllrittl (Otd) 0 :prlldomiflllntly SY/lnir/fllf) 0 :prIIdomifllmtly Lower
P.rmllllflllr rocks (Otp)~ It (EN 0203BO): prlldomiflllntly TriGc (Ott) ',,' It (EN 081377).

GrwIIlllndbouldllr bIIds - prIIdomiflllntly siliCllOIIS dIIm {(Jgs) 0 :
prIIdomiflllntly do/lITittl dllSts (O,d)D.
ErosiOllllI SUrfllClI.

&sIIlt lind IIssocilltlld pyroclllstic rocks; whllrtl indiClltlldby OUlIlJrflllry 1/1(/ (Tbl) I;;;:::~.

Domiflllntly dIy, $lind, flTIIVIII.

SiliCllStoflll (f/TBybilly lindsilcrtllJ?); prllSIInt lIS outr:rop Tq; whIIrr indiatlldby aullr.rflllry I., (Tql) _.

FllrricrBlJ; prtlSllnt lIS outcrop (Tf): fllrricrlltll dllriVlld from Tmillry do/llrilJ bouldllr bllds indiClltlld (Tfd)D.

Ku: UndiffKllntilltlld CMnozoic udiffl/l(/tlry rocks in Bruny Is/lindbortlllt (EN 313123).
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dropstonllS lind oCCllSiofllll fossil horizons.

Risdon SIIndrtoflll- CJWSII - /lTllinlld fIIldspllthic SIIndstoflll, /lTllnulll - lind~OfTlllrlllJ.
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DRILLING

SHITrIM 1

The weight of the water slowed the progress of the hole considerably

along with pervasive silicification, it taking 45 minutes to complete the

last three metres of the hole.

An increase in the odour at the same time precipitated the decision to

abandon the hole. Appendix 2 and 3 summaries the hole geology,

sampling and observations whilst drilling.

Subsequent to the rush of gas into Gilgal I, the Shittim hole was re­

examined. It was found that flammable gas was escaping from the hole,

bubbling down the hole being plainly audible for the fll'st three days

accompanied after that by a clear hissing noise from gas escaping from

strata above the water table of the hole.

The hole is capped with alSO mm top fitted with a pressure gauge and the

immediate area around the hole fenced off with plastic safety fencing.

Picture 6 illustrates apparatus which will be used to sample the gas.

Picture 7 shows it working, this method was used to establish that the gas

was flammable.

Pictures 8 and 9 illustrate the discolouration of the polypipe caused by the

condensing of the gas fraction
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SAMPLING OF SHJTIlM 1

Rock chip samples were taken at three metre intervals in Shittim 1. These

will be split and delivered to the T.D.R. Water samples were taken on

site (Picture 3) and delivered to the C.S.I.R.O. Marine Laboratory for

salinity. pH and geochemical tests, the results of which should be

available shortly. Preliminary results on the geochemistry however.

indicated the presence of a heavy diesel fraction with biomarkers

consistent with middle eastern crudes in the brine in the trace amounts.

Large rock samples recovered during drilling indicate high porosities and

permeabilities in the rock consistent with the flow of 7000 gallons per

hour of water.

Tony Yeates of The Australian Geological Survey Organisation

(A.G.S.O.) is sending down gas sampling devices so as the exact nature

of the gas emanating from the hole can be determined. Further testing by

A.G.S.O. in these holes is possible in the near future.
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SHITIIM 1

FURTHER WORK TO BE COMPLETED

H W Casing will have to be set to the pre-collar total depth of 81 metres

and cemented between the casing and the country rock to establish a solid

base for the annular preventor. The portable cellar concrete slab

compacted gravel area, mud pits etc. Prescribed by Ted McNally and

detailed to Hazell Bros. will have to be completed.

Appendix 4 includes pictures of the annular preventor with portable cellar

Condor oil has secured and which was used on a similar stratigraphic well

in Western Australia.

Once the BOP is fitted to the H W Casing the hole can be cored at NQ to

1000 metre.
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DRILLING

GILGAL I

The location of Gilgal I was chosen because it was in a similar geological

position to Shittim I, being some 400 metres off structure, see Figure I

and 2. The similarity of structural position to Shittim I was important as

although it is completely different geology to that encountered in that

hole, it should be unlikely to encounter a reservoir in that hole and as

such was a logical site for a second stratigraphic hole.

Jericho I was chosen by the same logic, all the holes were not expected to

encounter hydro carbon reservoirs and, in fact, are still not, the shows to

date being low pressure surface phenomenon possibly cutting hydrocarbon

and brine migration paths updip.

The hole was commenced at 8.40 am, Wednesday, 23 November, 1994,

and drilling to a total depth of 51 metres was completed by 4.30 pm the

same day.

The hole was cased to 2 metres with 150 mm polypipe, the remainder of

the hole being drilled by a 5 lI2 inch hammer. The hole was drilled very

fast, 42 metres having been achieved by 11.55 am, 3 hours and 35

minutes after commencement, in excellent competent ground conditions.
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DRILLING

GILGAL 1

Moist, clayey fractured conditions started at 42 metres and continued on

until the total depth of 51 metres. The last 9 metres was only achieved by

introducing water and foam into the hole to establish some sort of return

from the hole.

The hole was completely flushed twice with water before the drill rods

were withdrawn.

The rods were withdrawn some 71 minutes after drilling ceased, a mirror

was used to lock into the hole, clouds of gas were observed swirling up

the hole and upon listening to the hole, a loud hissing noise was evident, a

strong odour accompanied the occurrence.

The rig was moved on to the site of Jericho 1 ready to commence pre­

collaring. Expert advice was sought as to proper procedures to control

the gas inflow to Gilgal 1. A water truck was subsequently found to fill

the hole and kill the gas flow. It stopped the gas, boiling the water about

two meters from the top of the hole and only bubbling and effervescing at

the top. Grade 9 high pressure 100 rom poly pipe was installed the next

morning and concrete was poured between it and the country rock

effectively stopping the gas flow. A cap was installed on the 150 rom

casing with a pressure gauge and a safety fence was erected around the

hole.
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DRILLING

GILGAL 1

The hole flowed gas at a low rate, a high pitched whistle being clearly

audible down the hole for 2 days after cementing. The hole started

sucking on Sunday, 26 November, 1994, however, by Monday, 27th, was

again blowing gas, the smell of the gas is quite distinct from that of

Shittim 1., it having an indescribable musty smell opposed to the acid

acrid smell of the gas in Shittim 1. Appendices 2 and 3 summarise the

hole geology, sampling and observations whilst drilling.
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SAMPLING OF GILGAL I

Rock chip samples were taken at 9 metre intervals as the geology seemed

fairly consistent down the hole. These samples will be split and delivered

to the T.D.R. Water samples, from the water recovered by filling the

hole to surface level the third time, were sent to the C.S.I.R.O. for

salinity, pH and Biomarker analysis. The clay which caused drilling

problems in the bottom of the hole was found to be immimissible in

water, it was recovered from around the top of the rock hammer, it had a

very strange indescribable acrid musty smell and was sent off to the

C.S.I.R.O. for analysis. Initial results indicate a UCM of heavy crude

from 25 onward. Further tests on the biomarkers of this are being

completed. A.G.S.O. gas sampling equipment is also being sent down by

Tony Yeates so they can sample it and determine its composition.

A.G.S.O. may also do further tests on the hole to obtain further

geological information. Picture 13 shows the apparatus which will be

used to sample the gas once containers arrive.
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GILGAL 1

FURTHER WORK TO BE COMPLETED

This hole is cased with 100 mm high pressure polypipe to a depth of 51

metres (T.O.) H Q casing can be set and concreted inside this pipe to 100

metres before drilling on a 1000 metre NQ cored stratigraphic hole.



I NTRODUCTI ON

BACKGROUJIID INFORMATION

NORTH BRUNY ISLAND

INVESTMENTS

533 900 mE
5215 000 mN

. 25 m.qSL

CONDOR OIL

Location:

Petroleum products have been reported on North Bruny Island for
several decades and active exploration was undertaken more than sixty
years ago.
Several hells have already been attempted in the Great Bay and Big
Lagoon region. All have been limited by the funds and equipment
available. The details of this drilling and the companies involved
were described by Bendall (1991).

The most important of these "ells was Johnstone's \~ell drilled in
1929. The si te is shohn in Figure 1. Although it reached a depth of
less than 50 m and no reliable records of formations or hydrocarbons
encountered have survived some oil was recovered. It was a light oil
and was stored in drums at the site. It was not analysed and none has
been preserved. Its source is unknOl>n. The "ell did not penetrate
deeply into the Permian succession due to jamming.
The deepest drilling in the area. at the north end of the isthmus.
"'as to 135 m and this does not appear to have encountered the thick
dolerite sheet "'hich could have been expected at this approximate
depth.
Any hydrocarbons found in the area, or these holes, must have drained
from, or through, the Deep Bay and, more probably, the ~Iinnie Point f

Formation which includes poroes sandstones.
A number of other seepages have been reported in this same general
area and all occur in rocks at abou t the stra tigraphic level of the
Hinnie Point Formation. All these units are Permian in age. ~lany of
these seepages. and tar coatings, have been found around Variety Bay.

A PROGNOSIS FOR A STRATIGRAPHIC
HOLE

The knOwledge of this old drilling programme .and the company behind
it "as forgotten for nearly sixty years. As "ere the seepage reports.

The site chosen stands above Variety Bay on the eastern coast of
North Bruny Island and overlooks Storm Bay. See Figure 1.

The well defined and described in this prognosis is the first well to
be drilled by Condor Oil Investments in Tasmania.
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Exploration was renewed by Conga Oil in 1984. The new exploration
incorporated an initial literature search and relocation of reported
seepage sites. The si te 0 f Johns tone' s Well was found and samples
taken of muds. soil and local fluids. These confirmed the trace
presence of hydrocarbons and the chemistry '-ias consistent with a
source within the Ordovician Gordon Group limestones of southern
Tasmania. Cnfortunately the trace amounts recovered do not permit any
defini te conclusions or complete appraisal of the oil - as might a
small jar of the actual oil.
The exploration was expanded to include regional gravity and magnetic
surveys (Figures 2. 3) which were interpreted to suggest that
possible source rocks may exist to the west and southwest but were
most unlikely beneath North Bruny Island itself (Figures 5, 7). This
was essentially confirmed by the trial seismic traverse along the
ridge from Trumpeter Bay to Church Hill (Figure 4). The geophysical
analyses "ere primary and regional but did provide an understanding
of the setting of the region, possible locations of critical
structures and older basins. and a context for migration paths
(Figure 6). Some viork "as begun to crystallize the detailed local
setting of North Bruny Island but this viork "as never funded nor
completed. Samples of the initial analyses are reproduced in Figures
8 and 9 and this incompleted evaluation provides the information used
for location of the present well proposal. Complete details of the
status of exploration studies (geophysical and geochemical) actually
completed may be found in Leaman (1990, 1991 and Carne. 1992).
There remains scope for much more work but further work would be
enriched by some new control information; including depth to basement
and seismic velocities.

The seepages recorded in the area can be understood in terms of the
structures described regionally. A reservoir to the w'est, sealed by
the base Permian unconfor~ity. may leak up dip to the large dolerite
feeder near Ford Bay or the faults marginal to Storm Bay which were
reactivated throughout the Tertiary. Given the thermal history of the
region it is possible that actual generation did not commence until
the Cretaceous and may still be occurring (see Carne, 1992).

Earlier drilling programs may have intersected some near surface
migra tion paths. As '.ould the ne"er fault fracture systems. :\11
leakage appears to occur slowly and there is no evidence of any high
pressures. The association of seepages with seismic activity also
suggests a tight, low volume system above the unconformity or seals.

Consequently any ne" well drilled in the North Bruny region must have
a conceptual or stratigraphic basis with the direct aim af further
sampling any migration paths and confirmation of sequence.
Such a well would provide proof that oil is indeed migrating through
a viable fracture net and that either generation is continuing or
that there may be a large reservoir nearby. A reasonable sample "auld
also resolve many of the source and genera tion issues since it w'ould
allow exhaustive chemical analysis.
These are the primary objectives of this well.
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WELL PROGNOSIS

HISTORY OF PROPOSALS

\orth
this

on
of

Formation outcrops
lies near the top

older than the Deep Bay
and the site selected

Surface to 20 m ~finnie Point Formation sandstone/siltstone
20 50 m Deep Bay formation foss. mudstone
50 - 400 m dolerite

400 - 450 m Deep Bay Formation foss. mudstone
450 - 550 m Bundella formation foss. mudstone
550 - 700 m hoody Island Siltstone mudstone
700 -1000 m Truro Tillite tillite

unconformity
1000 Precambrian schists

\0 formation
Bruny Island
formation.

The prognosis for the well is

Any drilling programme is dependent on the exploration undertaken and
in this case only limited regional analysis has been completed.
Site selection has been jljdged, therefore. on the basis of minimum
depth to basement (in order to establish the stratigraphy of the
region), the loci of seepages (in order to maximise opportunities to
sample the migration pathl alld good drilling conditions.

Drilling of the site was again proposed in 1991 (Bendall, 1991).

Final stage evaluation of the geophysical and structural information
available, however. did indicate that the Johnstone's Well site may
not provide an optimal stratigraphic section. The nearness of a
dolerite feeder and the risk of thickened dolerite coupled v.i th a
higher stratigraphic level meant that any hole at the old site may be
several hundred metres deeper than one across the hill. This issue
became important to the company felt the loss of its o~'n drilling
equipment and funding became more restricted in the 1990-1993 period

Conga Oil proposed re-drilling of the Johnstone's lI'ell site in 1987
in order to prove the veracity of the old records, obtain a small
sample and complete chemical appraisals. The recovery of even a small
sample from a fracture or bedding seepage ",auld also have been of
considerable financial benefit to both the project and the company
since it ",ould have established that parts of Tasmania do have
petroleum potential - a possibility that had been long dismissed in
both large company and government circles and I,hose attitudes made
financing of the exploration difficult indeed. The company itself had
sufficient confidence in the project to employ a drilling engineer,
review used equipment in \orth America, and to purchase a rig with a
capacity in excess of 2500 m. This equipment was never imported into
Australia for reasons beyond the scope of this prognosis and became
the source of considerable financial loss to the shareholders.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

4

Some key unknowns are included in this prediction.
a) Thickness of dolerite. 350 m is an average estimate.
b) Only one dolerite sheet is presumed. Two are possible but

a basal sheet may be relatively thin.
c) Thickness of tillite. This may vary from nil to 700 m.
d) Thickness of the Deep Bay and Bundella Formations. The estimates

are representative of local formations but a variation of up to
50% is possible.

Items c) and d) depend upon the location of this site with respect to
the basin deposition axes. All formations older than the Minnie Point
Formation may occupy active rift stages and their thickness thus
depends on the location of this site with, respect to the block
rotation of the rift. Insufficient work has been completed in
southern Tasmania to establish this with certainty but if older
structures have been rejuvenated then it is possible that this
eastern location is comparable with Glenorchy where the tillite ,;as
absen t .

Hydrocarbons seepages could be encountered at any level and very
careful monitoring of fluorescence within the core recovered will be
essential. The site itself hes been selected I,ith regard not only to
the posi tion of exposed faults disturbed along the Storm Bay co"st
during the Tertiary but elso the likely Jurassic disposition of
faults - se,'eral of "hich are either no longer exposed or disguised
by intrusions. ,~ comparison of Figure 8 and the regional geological
map of the area (Kingborough) will indicate some of these
differences. The surface geological map is not. in itself. a reliable
guide to fracture foci or faults. The coalescence of structures east
of Church Hill and south of Variety Bay may well account for the
number of small seepage sightings in this part of the island.

The ,,-ell '.,ill also be used for seismic velocity tests in order to
permit revie~ and reprocessing of seismic data.

WELL REQUIREMEl\.S

Type of "ell:
11,0 types of pet~o~eo_,l-relc,ed ,;ells may be defioer] ie.g. Came.
1991 i :
1, Exploration '~el~ l\~·ildc2.t) is one drilled to discover 1.~·hether

previously untested trap con~itions contains oil or gas. and
2. Stratigraphic ~ell drillec solely to obtain subsurface information
on sediments. structure. organic maturity and provide control for
geophysical purposes.

The proposed well falls within the second category.

\0 specific t2fget or source is proposed; indeed, all regional ~-ork

suggests that the prLnary t2.rget for wildcat drilling lies several
kilometres to tile west.

The I.ell I.ill be a small d:emeter diamond hole 1'\') ~hich I,ill be
continuously cored fa shallo'., pre-collar may be prepared - option).
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HOLE NAME

well apply to a hole aimed
petroleum reservoir structure

open hole mud-control methods.

Detection of hydrocarbons:
It is expected that fluoresence methods will be required to detect
any hydrocarbons in the hole/core since no large flOl's are
anticipated in any formation given the seepage styles and seismicity
relationships.

The name has historical significance as the place where both a new
start and a turning point was achieved. This is clearly what is hoped
for on North Sruny and for the company. It might also mean a new
start for the way in which this state is viewed by petroleum
explorers. It is also the name of an attractive tree whose relatives
are common in this country and which produces a useful light oil.

for both the

special requirements
of drilling fluids,

This llame has a number of important connotations
company and the area.

The name designated for this ~ell is SHITTI~-l.

Prognosis submitted on behalf of Condor Oil Investments
~"" '1

by C!,~ _ e(QaUvLCVv~
l;..oA"'-~ GtQrLr'-U/\ I (

i 1'1 1/ crlf

A diamond hole to a depth of 1000 m needs fe",
beyond those normally specified for control
access and landholder compensation.

5

Comments on equipment experience:
The history of all previous drilling of this type within Tasmania
supports this view. ;\0 Mines Department diamond drilling has ever
required any special equipment, including the 1000 m hole at nearby
Woodbridge. No problems have ever been encountered with high pressure
hydrocarbons including the Douglas River hole drilled by the
department, and which is still flawing gas. Other drilling in regions
with oil shale, ""hether for the shale or for groundwater, have e\'er
posed pressure problems. The much deeper mineral exploration holes in
western Tasmania have, likewise, not presented any experience of
problem conditions even though gas risks may increase with depth in
any basement type.
The Variety Say area is not noted for large seepages, or very gassy
ones, and there is no ground for any expectation of incidents. The
load of a full drill ste![\ in a limited diamond hole is clearly safe
given all past experience. ~ere special regulations to be imposed on
this hole, as has been suggested to the company, then this company
would respectfully insist that they should also be applied to every
water bore in Tasmania and all mineral holes in western Tasmania as
"ell. It would also ask "hy government drilling did not operate to
comparable standards.
Quite different requirements might
directly at a fully investigated
drilled using standard exploration
This is not such a hole.
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OF STRUCTURAL I\"ORcIATION DEDUCED FROCI GRAVITY
DATA IN SOUTH lAST TASMANIA. See also Figures 53,

•
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CONDOR OIL INVESTMENTS

SCWIARY
cL~GNETIC

5E.
A: Locatio~ and orient2~ion of Jurassic dolerite feeders. The
~2ttern is no~ r2ndo~ a~c :5 related to older flexures.
B: Trend su~mary ci~~~~am, all data. Labelled strllctures
e~~emplify major axes reju\·~~ated.

c: C6ri~ours lD l~m belc~: sea 1e\'e1 of depth to crystalline·
b2.setT~ent .
D: Contollrs In l~m belo~~ sea level of base of Cambrian (?) units

incl. vo~ca~~cs. Gap between C and D represents a variable
thic](ness of Late Precambr~an dolomitic sequences.
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NATURE OF GEOLOGY INFERRED BENEATH PERMIAN UNCONFORMITY IN
SOUTHERN TASMANIA
(based on initial geophysical interpretations. Provisional)
Note that distribution o~ Ordovician-Silurian rocks is not yet
well defined and ~{ill ~n the su~jec~ of second order re~ined

analysls. The indicated ~~ld systems are like~~ise sketchy a~

this stage.
Co~pare this pla~ tllLn sec:ions and basin structure contours in

CONDOR OIL INVEST~ENTS
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CO~DOR OIL I~\ESTMENTS NORTH BRUNY WELL
SKETCH MAP: PART OF INCOMPLETE 3D INTERPRETATION OF NORTH
BRUNY REGION S~CWING LOCATION AND CONTINUITY OF DEEPER
FAULTS
Analysis by Le2~an Geophysics 1988 FIGURE 8
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GILGAL 1

DhY ,JeL;;' FHOiO] SURFAC",:CC 45 METRES

45 I·; TO 51 t"l deIST \'IIT'-l STICKY CLAYI.;uc-r viAS H1NISSIBLE

(;AS IN FLOW AT FRESSURE (SOU,lD OF "C;ISTLING NCISE) AFTBE

R&\j(JVAL OF DhlLL STEING, CLOUDING AS IT l·jOVJ:;D UP THE

HOLE, ,'lILD AROMA C~ CAS \-/[lEN CAP CF HOLE REi-lOVED AFTJ:;F.

30 SECONDS.

FULL COLUNi'l OF \'iAT1:.R FU1'JPED INTO 'I'BE HOLE TO FULL) GAS

BOILING 'I'BROUGH THE WATER UP UNTIL 2 ~ET~ES FROM THE TOP

Ti{E" BUBBLING AJ.'W E1"F",RVI::SCEi~T AT TOF 51 '\lE:TRES 01" hATER

HEAD.

CASING lOUT IN 17 BOURS AFTER DRILLING

CREASE UN JGINTS OF RODS

MAC3INERY elL FOR ,-UuolMER LUBRICATION

NO DIESEL SPILT ON THE SITE

1'0 DI1:.5;;'L ,",l,.5 PUT DOWN THE HOLE.
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ANNULAR

SHITTIM 1

(;1'.5 AT 64 1'1 to 81 1-1

1 FT V\.;CS FRO,'1 64 I'J ONivARDS

POROUS 5$CTICNS '!IEEE IN7ERSECTED

7000 GAL FER HOUR HA':i.'EH

BRINE MORE THAN 2,000 PPM

'I'M IN JOINTS (BLACK, SOFT, SHINY)

SMELL OF GAS VERY STIZONG (UNPLEASANT SMELL)

HOT \'lATER AT 64 NETRES (ABOUT 40' C EASED ON BODY TE!1F.)

GREASE ON JOINTS OF RODS

MACHINERY OIL FOL HAN.l'1ER LUBRICATION

NO DIESEL SPILT ON THE SITE

NO DIESEL ViAS PUT DOhN THE HOLE

2 DAYS TO DRILL THE HOLE INCLUDING CASING AT 150 ~1 TO

2.5 HETRES

5\, " HOLE FRON 5 M TO 81 M DRILLED BY AN AIR HAl".NER

OPERATINC AT 175 PSI
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Pectil Eugiuctdll~S~.·"iccs :3 0, 0 ::;' J [j
Oil & Gus Drilling Enl'inecr'ing COJl!r:\IIt;wts

if, (."Iin Street Wesll','rfiJ Western AUSI,alin (J005 Tel IIJ')),)8 J 30122 fax (09) '18J 3330

I
I
I
I
I
I

:vIr Makvlm lJendnll

ConJur Oil Investlnenb Ply Lid
Sfl Wells Pd~ lJlacklllRlls Bay
TnSlllalli" 70S2

D~~::H' Sir

lilt' enclosed

DATED 14illl'l4
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I
I
I
I
I
I
I
I
I
I

Prelilllinary \Vel) Plilll
SlillLl.HJ[e Str;jtj~rlll'l1ic J)rilling Pr()~!·:Jnt

lor CcmdoJ' 011 hl\l'Sllucut.Ii 1'1) LId

rn~;. as~i:3[ your COIJlpauy prep;uin,g. the tWL.' hole drll1ill!.~ flr~"\t!r:-uI! \.... (~ discu.':Iseu r~~el\lly. "rbe: \Vell
Plan still requires u gencrill s[ralig.(~pll}· <.kscripli\IIl and (lab SL'MC!l b('fore i1. schedtll':: l crtsing phUl

and nwd prpgralll call be pn"sel!t~d, (05tl118- fnr t.:adl \\"~ll may the!! be established. Should your
geulogisL ha\ (' this infoTllliirioll f(H (he alea ill \',"hLeh yi.lli ;11't' pl.'lllning these wells it \\'C>llld ns~ist this
pl0cess <::(lJ]siJerably.

III pr-:"j"',Hil1,'l: to dri11111esc v;('115 It \,'ill be nccc:.;sar;,· to Lk~\"t:klP H \""ell Plan LnsiJe.:ln "OveTatill~;

l'ril..:cdur~s and Emergency R('Srl"H1S~ ~1(JllllHi" for (he Dcp:lI'llllE'11t of \Iillellli Resources ill ~:0\,lr slate,

i\~({il Ll1gjll~~l'ing Sct'vicC5 has c1e\'l"k)~l('d EI. ~li[l\hck Oil 8~ (;a:~ Drilling M_<lJ1ual ...~hicll (ol1Jd assi~f

YUUI (:Olllp(:lll)' with this WOI\....

I -;li0uld b~ plensed if you \\-erc to cOllsid-::r using Ill)' s('n'ic.:l~~ ill tile role of drilling t'llgineer and
drilling supCniS('f f\,)r your progretnl SillC'~ 1 ha\'(: (,i.lIl~iderabjt, ·:,:\periellce plaJllling and drilling both
l:utl\clltionul ,Lnd .-;lillllwlc oil and gllS explot'ntion Hlt.l dcvelopll1C'nt W\2'115.

Thnllk yuu f(lr youI' cOllsideratkl1l il11llis matter and 1 Jock ror'\\~\ld 1(J b~aring from you ill due -.:('Ulse

\"ur> C"ilhfu Ily
11e-::-.til [Jlginetril1g Service:'l

EdwHrd C 11'!cNnlly BSc, (,PEn"
\'[iHI,lger
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I'~dil EII~ill~Crill~ SCI ,'iccs
Oil &. C ..JS J)rjllin~ Ellgilll'l'ring CCH1.~ulll\llts

26 C~olill ~)tICCl \Yot Perth \Vcsterll AU31mh<L 600,'; lei ((Y":I·~01 3322 Fux (09) ·1813330

PrelilIlinary \Vell Piau
Slill1!luIc Sfr:Hi:lrapllic Drillillg J'n'gl am

for COlltlur Oilln,,'estHlf'ut5 Pt~· Lhl
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I
I
I
I
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Drjjj:ng Cllntr,Ktor

Drilling Engi1leering

DrilllJlg Supavisuf

Gl'l'Jugical Supl'rvi ..or

Drill Fluid Lligineering

Gto~")',i,,1 Logging

~ lud Loggins

Casi.ng

Cf:mentil1g

Surv,ying

BJ\1\\"(\\11 Pt'e\'('ntcr Slack

Pr0ductiun T';:."itJng

Sydnl.') Oil C.'fIlp:ltly Driilll\G ,\E:';p\:~:'(ltlLJIlT:1.lst ACN 010 _~61 JSO

C/· HO ...... ulh &. llowatil
All~lmli<I Pl~H.:e, 15 WillitllL1 Sll;;"ct 1'("llb ViA 600U

Tel (09) 322 11'12, fox (09) 322 114'

Di~Jllond Dr:lljlt~ PlY Ltd
PO Bo.\. lOS 7.C'cll'lll T3~mJlli;1 '_lfiO

-r,1 (004) 716339, Fax (004) 71 (,585

redO Engine::riI1f. Services
l'O nox 913 West Pel1h \VA oR;:,
Tel (09) ·18\ 3322, Fa_s (09)481 3J3~

Edw:u-d C. McNally

PI.:'Cil r::_ngi.Jj~'I:'! illg Seryicl:s

I3PB Ausrralia

Exlog

Local Contract

lice Drilling Pry Ltd

HalibIJrt\..lH
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l'ecUI Eugiut>eJ'iug Scrvitl'~ 3 0 0 ,2 1 i;?
Oil & Gn,,, DrlJllnt! Eni.!jnccrillg CUll.'t:UJtUIII:'i

~6 L;o}1Il ;)ICCct \'.... (:)1 f'cnll \\'t:Htrll ;\U:lITL\lill 6005 Tel «9) ·18 I 3]~-!2 F~.'t (09) ~S 1 33.30

Pl'ldim illlll'Y \Vcll Phlll
Slim holt,' Stratigr.lphil:: Drillillll Pl'O~r';Hu

for CtlUllu,' 011 h.l\'\,SIIIIClIbi J'l~'" Lhl
I
I
I
I
I
I
I
I
I
I
I
I

Well COllfigurntioll

Anticipntl'd Drilling Sdleuule
Activity

~lob and unpnck
Rig up
Establir;h watcol' hore
Drill \'Ind scI P\V conductor pipe
r-.rud rolary drill ill£, tu 5lltTacc H\l,,' Ci\Sillg roillt.
Run and CCllll'lIt surface HW casing
In,mll Oil" te,: BOP',
[)i;lllJ(..Illd J1Q ("Nt drill tt..' illh::ntlt'ciilte C35iliG point.
I{lln F !ogsmitt'

Run :lnd l:t,"mo:":M( ir~1.(.'lmediat{;" l-lQ Cil.5jll~

JnswlllJJltl kst BOP's
r)innl(\/Iu NQ l:l'r,;;. drill tu TD
Run F. log~ o;uite
C(:[IIt'IIT :"lo,"tlldc1nmellt p\lIe,S

Rig down
PJckup "ad DemulJ

TilDe

I
I
I
I
I
I

Rig Huurly Rate
Drilling Rates

Pre-Cullar

IIQ Coring

o- 100 III

100 ·200 m
200 -300 II'

0- 600 III

600 • 800 III

800· 1000 III

1000 - 1200 III

Sihour

·1 ":/8" :-.,.tud Rotary' DJiiling
a -600 III

6UO - 800 m
800 - 900 TIl

61l1l - SOO III

'JQ Corillg
0- 600 m
6110 . 800 TTl

800-120001
1200 - 1600 m
1600 - 1800 lU

,,
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j'eclil Engineering Senice~

Oil &. GilS Dfillillg Ellg;llt:t:'I"ing Consu't(lnt~

2(1 Colin Street \Vot Perth \Vc31cm t\1J::'l.:"nliil 600,-) Tel (091 ·~l:ll J:322

l'relillliullry \-"ell Plan
Slimholif" Strntlgnlphlc Urillin2: ProgT 11m

for CUlldor OilIIlH'~IIll~Ilt'lPlY Lid

Diamond DrillIng (JllR ISUU UrjJI Hlg Dr~criptilln

Drill lJnj\'ersl'I.l 15(JO all HyJm\Jhc Tup Drive

Fo.' (09) 481 3330

I
I
I
I
I
I
I
I
I
I

1\'10"

Rolatiou lIc:ud Tor11lle

(;~nc .. al Ft'lIlllfC5

Pull Down
rull Uv

HOd Rn'1I1Wllt

Rod Clnmp,

\\lr~lLnc \\'inch

16 III kJlgth WitJl 12 In ruJ pull capaci~y

172 kW GM 6-71N DLe,el, 2100 rplll

Tur drive direct (ouple'. lligh-Lnw llW'lllil1 :.'.t"lt l"Ulgl.~

5-3~() rpllliow l::lllf:,t, 380-1 SOO Ili[h ranf.t"
Stepless speed ra.l1g~

r-.1JX G,800 Nm Iov..' nUIJ~t!, 3{\O Nrll if}' I ,_"(-,1) rl~llI 111gb rarl~e

Fully aUlo[Jwtn; tUft.{Ut s!JC'ta\l cUlltr(,1 nlllHLlii Jit!ll\l:.md bits <::tlllIJ:"iIllLlnl

50 mm (2") 10 lloilling hollow ,o;pinJlt' ..:t't bl'ricated g(:!Jr~ and bearings
p055ib(~ rpm using ma.-..:irnullI fl\·aiL:lb1t' t,ors<:ptJwcr
Watror to oj] hctit tlxchanger.

Hydraulic cyli.nder over chait\ with 7_J7: III fir tr,n:crs"t
~fa.,< trnverse sPe'!"'J 24 m1nll1l up i~nd 18 lll!'llin do\.vn
HyJrauli~' head racks bnl:;k ill top IlI:l'~t

7,000 "I:
Ij,OOO k~

.2 f fMC ])eal) LlipJL'\ plJJHpS

Rawu 1,10 LPf\'1(3G US(illllUJ,l, 7,OIJO kPa (7UU psi)

Hydraulic R.i~ld StiIlSV[lS
9,500 Nm makeup torque. 12.000};m br"kOll' torq"o

4·1.5 mm (1.75") to 1rj8.3 mm (6.{'i~Y') in rod ("Iounp~ wiDI 8.7Y· clamp ('peuing

J]ydrau lie, self (,11ergi/j('.~ \\' ith InlllllllC[ \'o'r~t1.:h::,s and bit u:lskets

2.000 m of 10 111m (l:8'·.) wlre rope_ l,fW(1 l;,g full dmm pull t\t 260 m/ru~l

I\.\irll nUl.l T3dinl piSlUfl 1"!lIIIP~ J~Sl!}ltd will: _; .iIIJCP.:'l1dt.:llt (lr~ll !L'()P CllT"ut~

(MuuI - WaleI'· C,liIldm)

I
I
I
I lhill Dlluell.fjlons

I
I

Weight Length
19,500 kg 16 m
Dare drill on hydr:lUlic jackllp tny

\\itlLh
2.5 m

H,'jghr
3.6 m



I
I
I
I
I

P~c(il Fnginccriuj; Sorvices
Oil & Ga~ Drilling Engiuetring COn"illltl1ut!il

H, Colill Street \V-est PerU, \\"eslcrn /\ll'1l.ralm 13005 Tel t.O~)} ,13 t 3322

Preliminary \Vt>1I Phlll
Slilllhoic Strlltigr"allhn.: Drilliug l'I'(I~n\l1l

for Conlkll" Oillll't'tSfllJE'DI~ I't) 1.tll

SliJllholc Oil & Gas Ol'ill holc Cost SUlI""ary

fu;o. (09) 48 1 ]]](1

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

LJcscrlplioll

LocJtion ucce';'3 l ~it\,;" survey and pIepilration
Muuilisatioll, UIlIJlILk alld C':'i.t.dbli:-;hmclI[
Vewob, sitt' rest('r;-tfleln

\\'ule-r truck tllg
\Vmer bure HllCl11lalCi ],l1s

Well ~itc drilling 5up~rvL501

Rig Hi,.
\Va~t::s and UI1 (osts
Calllp lllre ;\llllcatcrLllg

Fuel & hlbril,;aJlls

(' (lnlll\ un it:llt iOll S

l\fiscellnneDu,'i int!ll1gibl~s

CC'lllt:':ll l\uJ ~:hcrllkil\-"

CCllJ-:lltillr; Vl:11l1 [("111;,1

P\V,l1W &.. HQ Ca-::illf!, IlllJ ('"tsil1~ lJ'I'l<lIillg.
Ca::.ing W(Jling

Lynes DST lOt)1 rental

Cor~ t''1llirJlI~Tlt

Cor..:- b,lildlitlg alld CQrf: cllla~ysi~,

Portable C'C'IlM
BhJ\yo\!t prevt"'nter <,q'Jipmcrll r~llt/)1

Kill <\lld te.<:t pump
11 W well n'lIl{c;e

[h.l\\Jl.llokJril1 ;Ind cClsil1£ WLlli1lg
/\nc i ILu;.' stlrfJc~ mud Iliuh.l1jn~ L'quirrUl"lLt re!l;JI

Ancjlt~r)' rnud 'lurface t::q1lipmerll
MuJ JogglJlg
G~uphysicj,11 'strcliJW lugging

Mar..:rla!s tri1nsport
PC:ISVlUld tri1nsp0rL

Wdl U1SUT<lIlt:e

Well ovell!t'llds O'~·~)

Uffice tUld l\Jlll ini:;ll',1til)Jl

Supplie,.

E. C. MCN"lIy
Diamond Dr'iHing. Pt~· Ltd

Pec:til Frqjin\.'(:"nj£.
Pectil EI\Gi'h~l:ri.J1fJ

J'eclll Ellg'tlCCrlllg

Peclil Engillt-:l:ring

Exlog Gas n,"h:~ IC.H

UrB Aw-,tr,~li;]

Cost

5



I
I Mineral Drilling Handhnnk<C)

IliHUJO'"( Con, l)rillio~

Tallh' D3: I'hysil'al ProlJCI"lies or Diu.mollll J)rill Ro,!,

VrlgtnaJ Djamolld Core Drill Rod$
£ lD' 21..1
i\ 41.3·2&.6
R 48.4 • 35.7

N 60.3 ' 50.8

VC1.JJ1A .,,- Snit:J C(}rl~ Drill Rods
I(W 278'183
EW 3:S'cJ" 25,1
.AW ·U.8' :"1.1
R\V 54.1'" 4,1.5
NW 66.8· 57.:'
l-IW 89.1'77.8

I
I
I
I
I
I

Ro{i Size N[lrninltl
()I) ~ lfl

(mm)

WIIIII IPI
Thlr,kntu

(mm)

6.0
6.4
6.4

H

4.8 4
J8 1
4 g J
48 J
4.8 )

57 J

CUllplillP:
DimfrL~lmr

Imm)

! 1.1
IL;
I ~y

254

10.3
I ~ 7
J5 (r

l I} fI

;".9
6IJJ

4 )7

5.61
(,,1<2

1./8

2 Rl
J 74
4.91

fJ.2J
S.03
11.(,6

R(·lI
Cavl\,jly

(inc de m

36
6.4
100
:>00

2.6
3.1
91
15.6
25.'
47.S

It\J.) Plug.
Dlspl",<:emcnl
litn: i 10 m

3.71

6.0i
9.62
15(/1
23(10
35.\15

62.35

I f.ol/gymf WJrplint' C(}'~ [),ilf Rodl

EQ 34.9 26~ 4.2 4
,IQ .1:1, ~ 34.9 4.8 4

I
[lQ ~~ti

, 46.0 4.8 3
RCQ··C0111pC..:'ik 55.6 ~r76 ·1.0 J

NQ 7(/ () 60.3 4.9 3
NCQ-C0mpo~i((;' (/J.9 G1.9 ,10 3

I lIQ 88.9 , 773 56 )

I-ICQ·Cd:;'rl).,j [C ss 9 lll.'.? 4.0 1

PQ 114.3 • 10)2 56 3

.16J
3\.9
4(i.Ci
.Hi.O

r:;O.3
(.(1. "

77.:i
;7.~

IOJ.2

320
:1 (1.3

5.Y'i
, 1S
7.58
t"l :'{;

1145
~ ~!,

l5.:l6

5.~

\).6

166

28.6

4i.~

S:U.i

I.}tJ

15.f~

2el 1

62.1

I
I

LtJIIcyelH" C1IIljlo!>/fr 1I~'11\}' Duty W/reltrti~ CtJr~ /)rm Rod!>
om 76 69.9 • 60.3 ·1.8 2.5 55.l!
CUD 101 2.5
elm 1)4 2.<

286

I
I
I
I
I
I
I
I

Tllbll'1>4: l.ongJcar ,v Scric~ Flu,h .Toil\! Casing I" nC!)i\lA e))1)A & BSJ Stllllt!lmis

~t1I11illi11 WAll Cililplilq:: I\lJu~ Rod Roo Pille

Oil " IT' ThtcknrH DlllleJnion CRpllrii.\ Dl<:p'~[~mefll

(I1\1lll (111111) rT'llTl) kK'lrr Jin~ :'10 :.' 1m c . >';;li

EW 40.0 ' 38.1 J95 410
AW 57 I • 48.4 4J~ 5.04
F\W 73.0 • 00., 6.35 PH3
1\ \V gS.9 + 7r.?' 6,jS 1180

IlW 114J'I01.6 63j 11,8)
10iul'> \\·;rll..f. ChrE'fld r~~1' ulCh coupling .~llrrIJeJ ill 2l609fJ Ilj['.\I, ~ (1~2.'\ 1\11'1) :ltld 10 l,3n"n=: mini ~'oot
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15th November, 1994.

Pectil Engineering Services,
26 Colin Street,
WBST P~RTH W.A. 6005

Dear Sir,

TIE: BLOWOUT FR~VENTOR PURCHASE

Thank you for your letter of the 14th November, 1994.

We wish to advise that following negotiations with the

Mines Department, we will no longer need a Blowout

Preventor. We would therefore request that you stop

preparations for forwarding scme.

Would you please supply an account for your work to date

which you indicated would be approximately $2,000.

Yours



~i, 0 "" ',

29/11/94

8

Malcolm Bendall
Condor Oil Investments
002235886
002292153

Edward McNally
Peclil Engineering
(619) 481 3322
(619) 48'1 3330

TilE ["'OlLOWING ARE NOTE':; I USEDrO PRU-'ARE rHE 800M DRILI.ING
PROGRAM AT SANDFIRE LAST YEAR. INCLUDED ARE PICTURES OF
THF' BOP AND ANCILLARY PLANT USED FOR \f\/ELL CONTROL.

I SIIALL BE INSPECTING AND COSTING TilE I::QUIPMENT THIS WEEK
AND WILL FORWARD YOU THE COST FOB

Facsimile Cover Sheet

IIELLO MALCOLM

Comments:

To:
Company:
Phone:
Fax:

Date:
Pages including this
cover page:

From:
Company;
Phone:
Fax:
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A component diagram and te,t ,chedule are incl\lded in the
following pages. (See Drill Hole !lOr diagrBm).

PrActlce~ to ~h\lt in thc drill hole Bnd control abnormal
pressure

No pressure integrity testing of formation below the HQ/HW
CAsing shoe were conducted to establish leak off The low
integrity of sandstones in the WallaJ and Grant [,.,,: been well
Memonstrated wllile drilling Bnd testing would not hove
assisted the shoe.

J. Drilling
2. Tripping the rods In and out at the hole or
3. With tile rods at surface Hlld
4. Pulling the inner COTe barTel

IlJULLUJ(1 9Pf,HAl'IOKS

Pressure tests to establish the inlegrity of RW And HQ casing
strings were carried out after cementing and; ,,,,ping the
cement wiper plug. Both strings tested to 800 psi for one
minute.

Arc described in Slimhole Drilling Operations Manual - E.
McNally 1991. t\ copy of the manual "as all the location.

Practices adopted to control abnormal pressure developments (
artesian flow) werc pI'epared using the ODCAA - University of
Qld. DMME Manual killsheet.

I
I
I
I
I
I
I
I
I
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C
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,
" , ~IAKE UP 1NS1"ITrtl,tip:~b~; Ill)

HAKE UP potn::RJm:AI:J:<
CLOS'CV,nV1:S----- <''>'.•. .. .'. ~. :,. "'.If . , ..:

ACT I VAT E" l\N:WT;tIU-P REV ENTER.':
190OP SI fOR"J-tl i:·I\U'n S ,',:
PUIW F'1 C- 3YJ" "R-I-e' P.lll-.jP TO 3QOiP SI
HO L D 300 PS~I"""""i'iJi\-~:tlI NUT ESrHEN
BL~~D O'F- "'- .. ,.', .... , ... /'Lr, r ~ .,':,.~, ..-..'.

7. CLOST INS'HE B&P:'·:.. >· ,":2.
8. ·1'RESSl:RE"tJf'-P.t&.,-3'6:TO 800':I':~I

~.\ ~1J :; ti UT+N--f{).jl.·:$'fjB UTES:',.-."., .. , '\ ,: .
• • -.- c"

. ..-'

,
" ,
3 .

6 .

:2

50P FUNL,[IO~,r'-IEST'SCHEDULE.( _

0630 fiRS

, .-..- ~

, _.-

2) .' 10;' 9 2

.
jlQ IWU INSIDE 11\' CASHIi, RUDS ..
PRESSURE TEST IIJ 300 FOOl FOR J tHii:'TES .- OK BLEKD;'OFF
CLOSED THIS BOP f.~!D FRESUf<E TESTED RIG UBIS TO.'SOO "031
J ~I U \: T ES ,OK, fJ LEE D (- F F
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TotnlSII'·oh. ..@ ~~I_~~_®=====~SU::;l =- .Lkl@
_._-_.~-----_. -----------_._------_ ... _-------._---=--==-=========

D,\"I'..\ RECORDED OH CALCl:I.ATl.D AfTER A KKK----------'=------_-1

o_~__'P. ©

•.__~ kP. <D

lY'D;;; ~_m

'1 Slvw Pump lU" .... SPM

P'Jll1p 1i2 OuIf"-lL (1l1 1Mt) :::

• BOP Sl.ll.~tf\J,·cllj-,e.&dRillini {kP"j ::: I

• c..InK aUIIl RaLi..ng (AI'!) ('r.Pa) = _

• r')llllaliun Killin, (LOP/i-'I'I') (kf'.. ) .. I
----1

Drill Sllil"li \'OIUllll~ (m)) - I

Full Ar.llulul Volume (mJ
);:. ----I

o H NUl Vol (bod!) .... Sh(Jitl) (,n') .. I

-_. __ ._-- ------~

SiC? ,.. _

SHEET - Sl lJ:'iITS

SfD.~P.':.P.l( 2,) ,P. .,
TV[) ( ) m x Q.o:ml

\..1'.

KILL

SlDPP ::::I

~n1AL l'lll-r.r P1'<'.'I...\l1"l'. "" s~npp ( ) ~\' .. + Skl~ i\;,.I1Ij) l'l'UNn!. <. ) lP'l.

_ Slo...... Pump PitH ( J}I'. " Kill MutJ-L. ~_.~~
Fl........ AL f\JlllP Prelillre )

OTig,L-"l ,\-hld DClllilY ( ) kg/Jn

KILL Mud [;(-nlity

_____~ . . _ "2 Slow Pump ~ .. 1\ SPM
J

.~._._- -- -~ --.-=_-~~~~=~_=_ __~~-_~~_-~ _J: ~_~ IE' --~~I: R(jKi:<T·-~~:6~- . .~ ~--=-~__~~-~--l

Dri.l: SITi.ng Sirokea • Dnll String Vol rfl~ .,.. i-'ulnp (AUp.ll _~.__~ m'l/nk ,1.k..0
FlJU ,4"r,nub, S\rOk~t =. fulJ AN'lU;J~ Vd 11l~ -I ?J"TIlP o.:lrlUl ll\"I/n.lr; 1Ur,;1 aD
Bela .... ShVc;: Strdrl .. Vol below Sh.;-.e m ' I Pulnp OutpJL m)/Il.k .til ©

-------- .._---1--- -.:'.:.':;,1,[,.. 1. Hi! L',~'L'-i A ......[J j'f-.:tRI-.:·C0JHJ1::U D.'\T;\ - -----.~

AI\D'UU C'i~~~~~~:~!rn) ~ ~~i;~:~)-~-~~~';r--r~':~IT1 In or Min Dr C-HV,.. r1 _ m.-n Of) d rl~ ()( ~~lh~. I
D d C"j'I':l}-)( L(,I',~:JI ~:_~_\~~_J Ori,im.l Mw D<:.nshy (kg,,'m') ;;: ----1\

-t Me.uurc.J Ckplh (m)-=

I'ump tlIL Oulf'lL (m!/stk) .. _

1---'

,.
I llLPlllS

H Y.!'

'"

I-
I
I
I mts...,.,.d)

I
I
'a'C'-'Sh'X) m

I
I

@ ,,1..0

TDliIl St.rol.::1

©---'""
lnf'lUl inl-icc CUlni:

)Tou.l'l + 40 • (

BARHl5 MUD WEIGHTI'G TABLf;

_ .. ----- ••_----~-------_._----~-._-­
.._ ..•_----~------------

OFTSIiORE Sl(..)\.~ }'Li\lP DATA

Tct kli Tl"-'jd • (
\---11---

L---' .

I
I
I l
I~

I~
'",-
0:

I 1000000A/U Of' Q. lei.
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.) /'.~ U ,. i' Ii} G.;) u "- '"
/Hl[LLI:-;G t)P~H,\TWr-;S SD.

DJ-i.lJfluiI1H Pr(!,li';l'~mltll'l

Sllllllllll.rr of (lpert\tion~ drilling' .3 7/8" hole trolll 1'"l2 to "'~7.'i m. (I'::ont.

."0 QCCllrrflnC"-' of overr".d 1 or

Three bjt~ W~l'e Fulled wil!l plugged cun~~ ~nd !~~k~d up be~I'int9 hcc~uge they h~J b~~n run 011

borto~ Aft~r plu~~in~. E~ch of the hi t~ 1!811 flatt~ned cane~. Alt~rn~tin~ ~&nd. ~L~tA. claystone zonee

lIludc tor dl111clllt rtr(lltTl~ ... tnJ t11P, bIts and it m,ly ha\.~ been an poprc)\'~ment it j~t or roc lJits had been

selected.

tOPIUC' un lim T'n~l\til'! fUel:'! wer", flot~d in till" intl':r"vPL[ '~lJj]1'" dlilling, Tripping e .... en whit .... r~6ulAtint;:

with mln{~ltm Fip~ ~r~ed ~wabbed the h01~ ~n:i ~r'oduc~d f low wi Lh ~ mud wel~ht 01 9.2 pp~. It fr~qu~nt)y

b('lcau'9'l:' rl[\':f1~~,lry [n Jisplilce the kill lI1~ld ['rl~fl in:~itl~ tla. 11"; c.;L;:i;;!': during the trLP to cc'ntrol the fioOl,

:-;f~Vf'rl'll lrips "'en' romFlt·tcr.t OIJt of t.ll~ tlCJlc wilh tile wdl ~;tjll flo .. ing ~n(t lhf: g,lle valve had to tJl'l

clo~cJ to corllain (low wllile m~kin~ bit cllan~oS,

I
I
I
I

()-t;rC'lxin 'U~fJocc,df\nt ~il..!J ml:ltl~ up in Lan!':. J whit,:, t.hil1in5 nilln !"l1,.ntotitIS c1~Y.3 b~lo11' "5E.lI!I.

rn.n:k I-Ia!l U9o!'1oj to ('Iilntl"l J1i~hlY \'l~cn!l!rted mud returns at lh'!J llu w line,

The

I
I
I
I
I
I
I
I
I
I
I
I
I

Fill en bOtll'll!o "it",r tr{pptn:.a: 11Ml to h~ hM.k rl"..'llHH'l and ~Qme- ti!1';' Wf;I:J lQ!lt atriflPi1t~ bac]( to tJottcm at 39'"

..,nd IIU I'll. The inter·.. ".1 di,l not 11('i\\'e ~.;l,nd 0: ~tHl18 ~hill-l it \.'>S (,,,en but tll~ bottolll section inGrfla.~tl1 mud

~oli~~ ~nd n tllinnin~ a~ent W~~ n~~~~J to I'~JUC~ vi~cu~ity.
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DRfLLIN0 OPERATIONS S[)- 1

II
Ca..:;:in.e: awl Cetl\entin! PrOKralD1'llC

II
II rROORAH~~

II I. CClllent plug 40 ~ &0 III in 8 liZ" '.;C'ndllctor hole.

II
1.

3.

Ciliunttne b In" ~,=,nr1ul:'t('r in P; Ill·' hoI", J'It ill Ill.

Ce~ent plug 1&0 to 192 til iTl 5 1/1" ~ud8.C& holfll.

II
II

••
5.

(..

CSlDfllnting HH cilsing rods at t81.5 w surface .

C~m~ntln~ HQ rod ~tring in 3 7/8" haJ~ at ~87.5 ~.

Cement ~b~n~onment plu~ from 760 m to surface.

II

II

d$;t0~

I'L/A//~'

II
II

II
II
II
II

II
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SD I. DRILL HOLE COMPLETION REPORT

CONTENT

SIIMMARY OF RIG EVENTS
nRII.I.FLUID PROGRAMME
CASING AND CEMENTING PROGRAMME
WELL CONTROL
DRILL HOLE COST SUMMARY
APPENDIX
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A synllicsis of relevant geological information is underway. A new I: 5tX),O()()-scaJe
strOllo-tectonic map and time-space plols of Tasmania's leClOnlC elements, with some
r~!cvant neighlJoul ing pans of Gondwanaland for comparison, ,Ire being compiled
uSing AGSO's new limesciJle. to provide a hasis for interprcting the new dala.
Compilations "re scheduled t'l hecome :\viJililble fronl "bout lale December I9~4.

This is thc nrst of a new series of communications to e:<.plorationists with interests in
Tasmania. 'T/\SGO" is one of the new NGMA projects and is being run jointly by
Al,SO imd Mineral [(csoufce, Tasmania (MRT). It is designed to understand thc major
genlogicill events (hill have innucnced the distribution of TiJsmania's minerals and
petroleum resources.

The initial phase d the project is durrunantly data acquisition (see Attachment I).
Activities include airbume geuphysics. lilnd and marine deep reflection sei.,mie
,ur';"v:ng. some geochronQlugy ,md a compilation of relevant gcological information.
This will be' followed b\' some reView work (involving collaboration with Universities
:lfIll other rcs~archers) and data processing, prior to th~ SUbSlaTItiallnterpretive phase.
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[ I November j 9'14

Dear Sir/JYladam

Re: Tnsmania NGMA Project f"TASGO")

Director, E:<.ploration
Conga Oil PL
84 Wells Parade
Blad:r""" AdV TAe: 7052

The Ali,traiian Geological Survey Organisation and the Ta.lmanian Dcpartment of
Minerals and Energy hal<: i;ommenced a serie~ of multi-disciplinary studies under the
NatilmaJ Geoscience Mapping Accord (NGMA). We are writing to you to inform you
of the project and their progress and to invite you to contact the project leader or Slaff in
the project if you want further information or wish to participate more closely in the
work.

The project was publicly launched by Tasmania's Premier. Mr Groom, on 21 August
1'194. The projcct plan also received a mention in the AugW;l 1994 edition of AGSO's
Alls(;"o News and the CktobcrfNuvember issue of PESA News. It was presented to
the Tasmanian Chamber or Mines at it, meeting in LaunceslOn on 24 June 1994. A brief
update of activities will be given at the Chaml:>er's next meeting in Lil\lnceston on 29
November 1994.
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Some new Ii/con dating will continue in 1995. Priority will be accorded to samples that
can dale or put timing constraints on teclonic evcnt!;, 0/ which can improve the accuracy
of the geochronological timcscale at places where there is good biostratigraphic control.

/Jf.illl/~
Mr Mike Ayre---­
Director of Mines
Mineral Resources Tasmania

Telephonc: (002) 13 8333

With best wishes

Dr Torn S Loutit
Co-Chief,
Minerals Petroleum anJ
Sedimenlarv Resources Division,
AGSO '

Telephone: (06) 2499674

If you would like to participate in any of our activities, or feci that you could ~ssist in
any way, pleasc call us at the numbers indicated hclow. fUlther information on the
project can he obtained from Tony Yeates at AGSO, telephonc (06) 2499335, or Tony
Brown, Stale Chicf Geologist MRT, tclephone (002) 13 8165. Specific jnforlll~tjon on
the seismic surwying can be provided by l3<lrry Dl1JmJ1lond, telephone (06) 149 9J81
or Tim BaIton, Ielerhon~ (06) 249961.\

Airborne geophysical surveying nf inshorc regions ot" Ta.,mania commcnced on I J
Octoocr 1994. To oaW 28,()OO linc kilometres of m<lgnelic data have been acquired at
800m line spacing, representing nearly one third of the survey (see Attachment 2). The
King Islano portion will be flown at 400m line spacing and will include gamma-ray
spectrometry. The data are being acquired to map the continuations of Ta.>nlania's
geological provinces and structures offshore, and to cn,;urc thai wc position Ihe deep
marine seismic reflection lines to cm" major structures. Data are expected 10 become
available in the first half of 1995.

Planning for the /mu'ine rctlection seismic survey is also underway. An indicative crui>e
track is shown on Attachment 3. II is thought to cross many significant geological
boundaries and structures. Precise cruise positioning will be finc-tuned when the results
of aeromagnetic surveying become availahle laier this year. The ship provides a more
cost effective mcthod I'm imaging the geometry of the major geological structures.

Planning for onshore deep reflection .seismic surveying in February 1995 is well
underway. aUf budget will allow about 100 line kilometres to be shol. Tasmania's
terrain is f<lr from ideal for the seismic method. Of the traverses considered to be
logistically feasible, the following have been selected along existing roads: west Dunda~
Trough; east Dundas Trough; Mathinna Goldl1elds lineament; and some experimental
soundings in the Tasmania Basin, hopefully through windows in the dolerite.
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Figure 1 Areas to be covered by geophysical mapping program
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Your company should write to Mineral Resources Tasmania requesting approval

• No specific petroleum/g'as target or source is proposed.

• The hole is to be a stratigraphic bOl'ehole to be drilled solely to obtain
subsurface information on sediments, structure, etc.

Thank you for the report entitled 'Condor Oil Investments, North Bruny Island,
a prognosis for a well'.

3 {) 0;;; 3 ;j

include a slgned
your consultan t

.\IINERAL RESOURCES T.-\S.\\A:'\L\
I:\DUSTRY SERVICES 01\1510:-';
PO F1,,,,{) Rmn'" Park
T",m.lni,1.-\lJstr.lli1701-'1
.W Gnrrlons Hill R"MI KO'n\ P,lr).;
T,lsm,lnia "\lIstnli,l 70 IR
T,,1:00213R3B raxOO~33il3)S

HLADOHICF.-\:\O
DEVI':I.op",r~T1)1\10;;10;'\
GPO 8m 6~6 Hoh-nr
T.1~mJnia. AuStf)lia --;00\
22 Elizaheth Street IlohMI
Tasm<lni<l ,\ustr:dia -"000
Td 002 _IJ ),'),:;8 r,l_\: O()2 1 ~ iSOn

TASM A"~D'V£LO"MCNTAND R"OURCFS

Ms C A Bacon
(002) 33 8326

CAB420.94:NW

• The likelihood of encoun tel'ing gas 01' liquid hydrocarbons is no greater
than in any other previously drilled stratigTaphic hole in the south-eastern
Tasmania region.

EllqUll"ics

l l hone:
\"()ur Ref:

Our Fi!e:

WORK PROPOSAL EL 1/88

to drill a stratig1'aphic hole. The work progTamme should
statement from an acknowledged expert (such as
Dr D E Leaman) that:

14 November, 1994

Dear Sir

Mr M Bendall
Director
Condor Oil Investments
84 Wells Parade
BLACKlvl.A,NS BAY TAS 7052

As discussed with the Registrar of Mines and myself on Thursday
10 November 1994, lVlineral Resources Tasmania would be willing to consider
approving the drilling of a stratigraphic borehole on Bruny Island under the
same conditions as are required for drilling stratigraphic holes elsewhere in the
State.
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• In the opinion of the expert no blowout prevention equipment is necessary.

If there is any suggestion that Condor Oil Investments intend to drill any other
sort of hole, or intend to drill for oil or gas or drill into a suspected petroleum
reservoir than all the requisite provisions of Schedule C must be followed.

There is a considerable difference between drilling a hole for oil or gas and
drilling a stratigraphic hole.

You have been advised previously that EL 1/88 will not be renewed unless the
agreed work programme has been substantially completed by the renewal date of
31 December 1994.

This gives very little time to implement the proposed progTamme.

Yours faithfully

C A Bacon
MANAGING GEOLOGIST
HYDROCARBONS & TENEMENTS



Please find attached copies of statements for the financial
status of Condor Oil Investments Pty Ltd, a summary of previous
work, a prognosis for a stratigraphic hole and notes or. well
pad specifications.

Tas.

CONDOR OIL INVESTMENTS PTY. LTD.

~:~'~~ . ~.C.N. O:45W~~3p~:d~
i L 2 B,lack{nans Bay, Tasmania 7052
~,-'-' ----j
~ - ~

!itt~_·~ T~~::;;:v::::.;~;';94.
~~-",~--~_.-.-_._".( ---.~

;·.......--==,·~--...:;;----l··_.,.=---,

7018;,'__ ' "'_~ ~_I:
'-~,..:, ,

Dear Sir,

Mr. M.h.D. Ayre,
Director of Mines,
P.C. Box 56,
ROSNY PARK
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We have also attached copies of previous documentatior. related
to earlier drilling proposals, equipment and expenditure.

The prognosis co~~ents on drilling conditions. 'Ie draw attentior.
to the type of hole envisaged and previous Tasmanian experience
ar.d request normal conditions of security, safety and specificatio~

for a deep diamor.d hole. Condor Oil notes that deep holes in
Western Tasmania have encountered hydrocarbons but these have
never caused problems and no special conditions are applied.
Many of these holes are also much deeper.

We have the agreement of the property owner (R. Hazell) to drill
at "Murrayfield" and now await your early approval to drill
this stratigraphic hole.

~e note that a bond with value greater than drilling cost has been
mooted. ,;e believe this to be inappropriate, especially given the
losses forced on the company from previous proposals and
restrictions. We believe the drilling should be encouraged under
fair conditions. No reply has ever been received to correspondence
cor.cerning previous drilling proposals and assobiated losses.

The timing of this effort is of some concern. The company lost
4 months operation this year due to M.R.T. tendering process for
surrounding areas. No financier would support the company until
the issue of competition or re-acquisiticn could be settled.
The commercial risks were too great.

Every effort is being made to drill this hold to the tenement
schedule but it may not be possible, depending on your approval
processes and rig availability.

Yours faith~f~~~



Lear Carol,

I have also given Rohert Hazell d copy of the relevant
Drilling ~ads Section of the Mineral ~xploration Code of
Practice Manual.

Iii 00 1

19th Novmnber, 1994.

Telephone: 002 29 6576
Facsimile: 002292153

84 Well& Parade
Biliokmans Bay, Tasmania 70112

CONDOR OIL INVESTMENTS PTY. LTD.

A.C.N. 055 403 515

'B'uU2 :?::-JL! ~3

I note your comments th~t with the nrilling of a purely
strutigraphic well our cllrrent Bono of ~30,OOO is adequate
and that once you had recelved Appendix (1) we would have
automatic same day approval for our hol~. Further, at
your request, 1 have included D copy of the Notice of
1ntfmtion to enter.~ Private Land, given t.o Robert Hi.lz.ell,
with a copy of 'Land Holden, Position" as Appendix (4)
whith you will note Robert Hazell has si,gned.

Thank you for your attendance with myRelf, Derlni6 Gurgess
anrl Hr. Ha7-ell on 5i te, l-Iurrayfielil, bruny lsl"nr], thursouy
November 17th, to in8pr,ct the site of 5hi ttim - 1, Condor 's
first ~,tratigraphic well. lIppendlx (1) and (3) comply with
your requf:fits of your 1E-tter, dated 14th J,ovembr,r, 1994,
included as Appendix (2).

I'lS Carol bacon ..
Mineral ReSO'JrCEE 'rasmanla,
1'.0. box 56
kOCiNY Uv\K Tas. 7018
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Tony Yeates, the froject cd-ordi~nator for the "TASCO"
3 million dollar project (appendix 5) has also indlcated
that he views the drilling of shittim 1 as being vital to
the processing of new seismic data ann the possible
re-processing of old data as it will provide the only down
hole seismic in the State to calibrate the results correctly.

In regard to your comments on pre-collaring thf' fil:st
100 metres of the hole, I would simply point out that at
Smithton, where a 700 metre deep wild cat well for gas was
put ~down oV your Department on known gas seepages composed
in part;4f- explosive methane, without Blowout f'rr'vention ~
gear, ~n structure, the hole was pre-collared to a depth of
150 metres by a different rig to that. used to drill the
hole. It is,standard industry practlce as stated by ex
Hines Dep<lrtment ChiEf Driller (KlCrry ]<icharrlson) ann Peter
Sharp (Diamond Dri lling Ta:omania) to prrc-collar deep

• /7



You are also invited to attend an on si,te inspection with
Peter Sharp and myself at a date to be arranged.

4(,J UU 1

3 {) U;2:3~)

- 2 -

Yours

I1ANN:IN(3 DIRLCTOR

"'----

c.c. "obert flazclJ
Lavid LHlman
hay Croom
lJcter Sharp

Finally, I appreciated your comments that the, Department
wants this hole drilled as much as I do. I hope that a sorry
series of events such as outlined graphically in my letter of
the 15th November, 1994, are not allowed to re-occur. In the
end, the people of Tasmania are the ones who wi,ll suffer from
any continui.ng pedaritic disputes between Condor and the
Depa!'tment.

Diamond Dri 11 holes as thin practicle greatly increases 'I':'he
chances of completing the hole successfully to target
depth ano also is quicker and half the cost of coring
the first IOO mttres.

In regard to the hole, Fhittim I, the first 100 metres
of geology i.5 exposed and readily accessible in the outcrop
at Variety Bay. In any case, no geologi,cal information
not already known will be lost, as we are drilling to find
out what we don't know, not that which is already known,
it is logically the best practice to pre-collar. We will of
course, as a matter of correct scientific procedure, collect
the chip samples at three metre intervals, so as anybody
interested in the hole may examine them.

~J4 U:J UU
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During the site visit on 17 November 1994 it was noted that no preparation work
at all had been undertaken.

Mineral Resources Tasmania has been advised by Mr Bendall that he had
arranged for drilling rigs to be on site at short notice.

The Registrar of Mines has spoken to both Mr Kerry Richardson and Mr Peter
Sharpe in relation to availability of their drilling rigs.

At a meeting in my office on 24 October 1994 Mr Bendall advised that a
concrete drill pad was nearing completion at Bruny Island, on Mr Robert
Hazell's property.

3'DO;~;~10

MINERAL RESOURCES TASMANIA
INDUSTRY SERVICES DIVISION
PO Box 56 R05nv Park
T J.smania AusLralia 7018
30 C')rc1ons Hill RoaJ RlIsnv PHI.:.
Tasmania Australia 7018 .
TeI:001B8333 Fax002338338

HEAD or-nCE AND
DEVHOPJ\\ENT DIVISIOi\:
GPO Box 646 HohJ.rl
TasmaniJ Ausrr.llia 700 I
22 [liubeth Sneel Hoban
Tasmania Australia 7000
Tel: 002 B S883 h,: 002 33 3800

DRB263.94:NW EL 1/88Our File:

In a subsequent discussion with Ms Bacon and Mr Burgess, Mr Bendall stated
that a compacted gravel drill pad had been completed together with a gravel
area prepared for storage of drill pipes.

PROPOSED DRILL HOLE - BRUNY ISLAND

TASMANI!WDEVELDPMENT AND RESOURCES

Enqwne, D R Burgess
Phone (002) 33 8341
Your Ref:

21 November, 1994

Dear Sir

Following the site visit by Carol Bacon and Dennis Burgess last week I am
writing to express my serious concerns in regard to the quality of information
that is being conveyed to Mineral Resources Tasmania by Mr Bendall the
Principal Executive Officer of your company.

The Chairman
Condor Oil Investments Pty Ltd
C/- G R Garrott & Co
Level 7, 39 Murray Street
HOBART TAS 7000

Mr Richardson's rig is available at reasonably short notice but will not move on
to the site unless payment is made up front. To date no specific date has been
arranged.
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The situation in regard to Mr Sharpe is more complex. He has been asked to
provide a quote for a hole and is visiting the site during this week. However the
Registrar was advised that no contract will be entered into until money
outstanding from the Comstock Project is paid and sufficient money to cover the
work is placed in a trust account.

In any case Mr Sharpe's rig is not available until May - July 1995 which is
clearly at odds with comments from Condor Oil Investments Pty Ltd.

Apparently misleading statements by your Principal Executive Officer are not in
the best interests of Condor Oil Investments Pty Ltd's dealings with this Agency.

In this regard I have clearly stated on several occasions that Mineral Resources
Tasmania is supportive of genuine well managed exploration programs and have
looked forward to progress on the work programmes committed to by your
company.

Yours faithfully
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Registered office"
3 MALUKA STREET BELLERIVE. TAS. 7018

All correspondence to:
GPO BOX 320 D. HOBART. TAS. 7001

Telephone: (002) 44 1233
Fax: (002) 44 6674

November 21, 1994

I1s C A Bacon,
l1anaging Geologist,
Hydrocarbons and Tenements,
l1ineral Resources Tasmania,
PO Box 56,
Rosny Park Tas 7013

Dear Ms Bacon,

Mr M Bendall, of Condor Oil, has asked me to prepare a statement
about the objectives and needs of his proposed stratigraphic hole
"SHITTIN 1" for you.
The following summary essentially restates what was included in my
prognosis for this hole. That prognosis was prepared, and the hole
specified, on the follo~ing bases only.

1. The hole is to be diamcnd-drilled at core sizes H or equivalent
pre collar(near surface) and N (remainder).

2. It is to be drilled for stratigraphic purposes only and to permit
geophysical logging and seisnic velocity tests.

3. No specific hydrocarbon target is proposed or inferred; nor can
any be defined at present.

4. There is no expectation that drilling characteristics in this
hole, or hydrocarbon encounters, will differ in any material way from
comparable stratigraphic hc~es previously drilled in SE Tasmania.

The prognosis fUlly discusses chese issues.
Any major ch3nge, by the cc~~any or driller, of hole type (other than
of any pre-collar), depth r~,ga, drilling method or objective might
well change these presumptions. I have indicated to Mr Bendall that I
would prefer he avoided the "se of a pre-collar since some shallo~

information might be lost in the subsequent dependence on down hole
logging methods near surface. Full chip samples should be retained if
a pre-collar is drilled.

Yours faithfully,

(Aj Q~w'~~~
Dr. D.E. Leaman
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• EL 1/88 was reOh\'f,rl !n :3 J December 189.+ on tbe b8.1.'> of ,I work
pl'Olrramllle wlJk,h irwll1dio d, ,untlng"t oth •.'1 ,Kli\~li(~", tho d.rrllinrc of two
oil/gas w~ll, by October 199.1, "wi on IJH! .';,1\01' progT:lI1l11lf onf' weD Wd',

l)ropoSI'Q for EL ] 7/90,

• The reuc'I','<t1 or EL 1)88 Vi:", (luitl' separate: [rom 11w ilccl;lllancl; of
J<;qJloratJon Lie-ene" Application lO/~J.,l, to whlr;h W8 (lj(l iigrce to ~\,ld rh,'
rr']JJlquj~JJ('d portion of EL 1/81) fo!lowulg' tilt" expiJ'y of tlJe EJqlJorabon
Tender pl'rjod, We' ba\'c lIl£lde th., fact <.juitp clear rhit\. EL li88 and
EL 17/l10 ""ill not be rcnew('d if the 11'01'11 p)'O:';T<lmm"" (o!' the cunenl
r.enl,w"J!, w:e [Jr)t coroDlf;ted and that ELA JO/94 1$ bOom," held fJeDdJul'
sati<;fal'torj' work OlJ EL ]f~8 Thr, l'en"'o\'"l (Jf EL 1/88 "'<15 deJay(,d for
some months j)lmr.1jrq;, Pil.Yn1(o!lt oftb ..~ ;JJHilL"] rr"n!;

3 'c' ,. c'
" ~.. '. ; ',' /Jj ,"v \J f"" -.J{ ~,

follr.'fMl 1".I;..:i'..JUKLE.1 fAS,\\A.''';IA
INDUITI\Y iEh\lC!.I ulVUIO~
pO au!', )6 K.",If1y r.r~
IUfT,r'IlI.' A\J~(' ~;I .. "'!I: I ~-i

1(1 (:,;."-1.-,,,,1-1,\1 H,,~,\ Re"J "~Il

T.",n".",. ,.0"""",.:,. 70:.~
... I ,-. " ~ OJ 1 L ", II Il «(,1(

ULr\j,) r:;[t'I((; (\:~p

Oll~ r.LUr','t'I.!l:<trl'f L.II·,'H~'U:"

(11'0 tsl1" o4ci Hub~tl
I u,.,,~!~ ;\'.1,11,,:117001
21 t:11U~fUI~lr"'(1 I {rA, •."
ru",.',;" t'\"If~:I' 'i(fNI

fA"'" "!WDEVlI0l' MEN TAN D '''0 U",OS

.\18 C A Bacon
(002) 33 8326

CAB440.94:NW

Thauk yuu fOI YOllr 1"IU'I"" of Ji) :\(,nmber 1994 and 19 NO\'(;lUbel' )!.!'J,1

PROPOSED PIWGH,4.}I,\JE EL J/88

23 l':ovember, 1994

D ... ou- Sir

Attention: :\1r M 13end~JJ

Mr G Ii (llll'cvll
Chairman
Condor Oil Pt>' Ltd
Ct· Lf!veJ 7, 39 Murray Str(,el
HOBART TAS 7000

f'bOfU:

Your R.f.

(;u,1'11o-
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'l'hie requC-s\ \0 driLl a RtrH Ligraphir 110)1:' has only been nJHde recenrly /\
stmugraphic !loll' would be very u5~fu.1 In exp;,nmnl; tbe g'oololPcal
knowledge of the south f~<htpm lJart of T,tsman ia aou ~liner;lJ ReSOUf(e,'
Ta:,mlt1llil IS fully sllpportivo of thE' coJ),:cliofJ of thts data.

By wuy of Ii cOJJoiJpl'flble r:onressioll, Wl' have ))(:(.Q \\'ilJing to alter the; ',l.'ork
pro[,''l'am.me cOUlmitlllell1 (]1] EL WIll for two wells (drilled Into an oiJJga,:;
targcl~;) to a stratigraphi<: holt>, driJ)I,d /:HIJrH: kilometres from the migiJlaJ
pl'opl)sal, and v.'hicb. is f!eslgnet! OIl)Y 10 collect geoecientillc ctal;1

The original wnrk llrogriJmme outlined" \i.J;lJ<:labk whcn'by til r,~c well.';
would be d;:illed hy S,~pV·mbH 1903 on the two explol'ation )icf'f1ces,
VirtuaUy no work ilL all wLJch IS oll!lin"rl OJ] I)W 1~!J3 94 wurk programme
has he'~ll eompletp,d to date.

However, with only a mon th Ul' so left ])rfore t.he explIY of EL 1/88 yOq)'

request to drill a Sll'af.1[;Tal'hi,· hoJr 11;-;;; bee/l f're,enu~d to IlS.

00 u,w,ideTatioD (It.De pl'OpOAaI I am prepared to grant approval foJ' till;

dril.J.iug of ODe ~lratLgl"il{JlJl.c hole Oil l\f"f(;,I\.fir,lrl, Rruny Jslfmd. on the cleRT
and uneq,uivocal undt'rslilndiJl[.: Illal:

The, hc)lo is to be diamond drilled at core si~e~ H or £)(JuiV,,]f;D1

pre collal' (ne;.JT sunRee) aDd N (rem l'Iinder) ,

IL is to be; dnJJerl fol' stl'atigl';;jJ1Jlc PUJ1WSI'S only and try pf'rmi(

geophy..i~'allogging L'lnd sdsmic vdocity tests.

No spPcifi(; hydJ'OC81'UOfl lru'get i,o jlr<'I'II.'-f,rt (i1: jnfpI'rpd: nOl' C~ll ~ny be
dellued at pre1;lmt.

TbeI'~ is 110 eXj)eCln1.;lln 1.b:.It dnlliJI~ I har:wletisti,·; ill (hi.', hole or
hydroc.:1l'bon eDC01Jlllpl',', \l:ilJ (liff,,]' In ally m;Hr,l'ial \\'dY (]'om

cutlljJdl"Clhl" stl'<Jti::,'Taphlc hol('" 1l1('\~(I\l~ly drilled UJ south C;1st
Tasmania

'l'he work mu,t bf, conducted l1J :'\uurdalJl'l, wllh the MJIH,nd
Expl')l'ation C.,d" of P":'\l.:tiu,

The hole lllu~t be capped on c0111pl"'ti01J

Shuu],1 ~T\lllndwat.(:r h" "nC()llnV~l'I~d 81"lJo must be: tAken to ('118\11'('

thpre is no polllltioo of this l'e~O\ll'ce and in the eV8n1 that th('
gr,jnndwalel' l1uws from the holt' (a,'tfJsian .:onditiol1E) l.111~n m('{,<nH'."
JlJII:·;ll,,~ taken to )l1:nni\nC'ntly eup and conlejn thi, rr,sollrc(>



LI, .... V.' ...

I
I
I
I
I
I
I

•
I
I
I
I
I
r
I
I
I
I
I

•

...

3

Please uota thM in allow IJl~ Condur Oil Pty Ltd to chauge the work
programme for t"'(j oil well" to one "Il'atigraphic; hole l'epxesents 11

SlgnifiCllllt concession, whicb we have made in the ulterest5 of furthering
the geological knowled~e of tbe Stute.

I ani abo awllre tbat tb<:- rig "lI~gested foJ' thio work il\, according to our
inforn:latiou, unavailable until next May.

You shOtLld al.o hf> aware tln'lt spUdding thi" driU hole, and drilling to JOO
metres as ~I pre-coU;lf will not satisfy the (erms of YOU! work programme.
and if this is aU that has been donlc' by :;1 December 1994 your rtolneww of
the licence will not be recommended.

Youra faithfully
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Rlc,CORD OJ' Tl:.LEFHONE CONVbRSATIONS WITH ;''JR. DENNIS BURGESS

ON THURSDAY, 24TH NOVEMBER, 1994.

PHONE CALL 1. THIS CI,LL WAS :FROI1 DENNIS SAYING THAT

MALCOLM HAD RUNG HR. AYRE AND THAT AS PiR. AYRE WAS

BUSY WITH HIS NEW APPOINTMENT WITH THE DEPARTMENT OF

LABOUR AND INDUSTRY, DENNIS HAD BEEN ASKED TO CONTACT

i1ALCOLM. I TOLD HIH I WOULD PASS HIS MESSAGE ON TO

HIM.

PHONE CALL 2. DENNIS RANG, IN AN AGITATED STATE, TO

SAY THAT THE PREMIERS DEPARTMENT HAD RUNG HIM STATING

THAT HALCCLN HAD TOLD THE, PREMIERS OFFICE ABOUT THE

GAS SHOWS IN THE STRATIGRAPHIC HOLES BEING DRILLED ON

BRUNY ISLAND. I REPLIED THAT THAT WAS WHY MALCOL.'l

WANTED TO SPEAK TO ~~. AYRE)AND WHEN HE WAS NOT

AVAILABLE HE, SPOKE TO THE MINISTERS OFFICE.

1. I CONFIRMED. THAT MALCOU1 HAD STRUCK GAS IN TWO

HOLES ,'iHILST liE WAS DRILLING A STRATIGRAPHIC HOLE. HE

ASKED IF HE HAD AUTHORITY TO PROCEED)AND I TOLD HIM

THAT CAROL BACON HAD SET THE REQUIRENENTS THE PREVIOUS

WEEK?Al~D THESE HAD ALL BEEN MET. ~ffi. AYRE SUBSEQUENTLY

CONFIRMED THE AUTHORISATION.

2. DENNIS ALSO ASKED WHO WAS DRILLINC THE HOLES, AND

"'/HEN I SAID 'HICHARDSON' HE SAID 'WHAT, KERRY RICHARDSON I

I SAID 'YES, SHARP ivAS NOT AVAILABLE UNTIL NEXT MAY MID

KERHY ShID;'!E COULD START STRAICHT A\'iAY'. DSNNIS 5EE;HED

SURPRISED.

3. DENNIS SAID THAT HE \,AS CONCERNED ThAT MALCCLN LIED

TO ilL·) ABOUT ROBERT HAZELL HAvniC BUILT A DRILL PAD ON

BRUNY ISLP.ND. I SAID I THGUG3T IT dAD BEEN DONE, BUT

DENNIS SAID THAT IT NOT BEING DONE HAD REFLECTED ON

HALCOU1.S CREDIBILITY. I HADE NO COMMENT, EXCEPT TO SAY

THE GAS SEEP IN 'SHITTIN l' MW THE HEAVY DISCHARGE FRO!'l

'CILGAL l'WERE REAL A.~D COULD BE VERIFIED. HE QUESTIONED

WHETHER WE EXPECTED TC ~IT OIL OR GAS WITH THESE HOLES,

AND I TOLD HIM WE WERE VERY SURPRISED BY THESE SHOHS;AS

WE WERE DRILLING ON SITES SELECTED BY DAVID LEN·ffiN AS

BEING STRATIGRAPHIC HOLE SITES SITUATED SEVERAL

KILCMl'.TRES FROM ANY 'TA.".CET' AR;':;AS.

/~

\1
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DENNIS FORCEFULLY SUGGESTED HE CEASE DRILLINC' FORTffiIITH/

AND I REPLIED THAT DRILLING l~ STOPPED THE PREVIOUS

DAY AND THAT i'lALCOUI liAS DEVOTING i,LL or HIS TINE

CONTROLLING TIlE GAS FLOWS, ESPECIALLY FkOi'! 'GILGAL' 1

WHICH, ALTHOUGH BEING CONTROLLED BY THE APPLICATION OF

WATER, WAS BEING CASED IN COHC!<.ETE TO HAKE IT SAFE.

DENNIS SAID THERE WAS TO BE NO MORE DRILLING DNTIL A

ELOviOUT PREVENTER \'lAS FITTED TO THE DRILL. I REPLIED

THAT I WOULD FASS HIS CONJ'1ENTS ON TO MALCOUI.
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PROPOSED DRILL HOLE - BRUNY ISLAND

I note recent cOlllments made to the Minister for .l\1ines that signs of oil and gas
have been l?\idl?nt in two percussion drill hole" on 'Murrayfield' Bruny Island.

AND RFSOURCI:'S

To n:0.~.c.<?l;r'.: !:}~~I'}.t,~ ._ .

No Fe:v:-:f! .9 ?-n ."fl.??, .

Company .

From c:"""": ..~., (~'.\f.r:'?\~ .

Company .

No. 01 Pages 1.. .. .. Dale 2-!! ~~I.9 ~ .

FAX UIl.E.' P...~H.~

.\lll"HtAL KESOllRCES TA.SI\1..I,,;.n,\
l]'.'''1I<;1R)· Sl,ln"ICES 1)1 '"I'\IO.""J
]-'(1 tin, ;t-ll.~,,,,, P~lk

b~m.lll~;,\ i'H"Tr"LJ 7U1S
~l) Gord..::·n:; ffdl R";,,.-] R"q" /',;;-k
T,Hl1j~nla Al~~l r~li.1 "i) ~ S .
T",J: Vol HRBJ J ,.,,-1101 J.\ ti.\~R

Hb,lJ flFFI("!c !\I'\D
Dr\' U.OP.'l!,"';f [1"'I.QlJS
CI'D Reo" i:dh H"L .. n
T.hrrlJiliJ A;l<!rJk. -jOn I
n FJ,.·..1\;.c,h Slr,:,'.:t ll,),,,,,
T,hlll~r.I,' A\I~lr1\1~ ":non
T rl: 01).1 ~ ~ .):is-=: J,H: 1m: .1.\ ,,,,no

'ASMA" ~D'SHO'M",T
D 1{ Burgess
(002) 33 1'\341

DRf\280.~4:NW EL 1/88--

Dear Sir

f'h'_-'I~t" .
Yr'''lr t'f-I'

(lw f-'Jk;

28 November, 1994

Mr G Garrott
Chan'man
Condor Oil Pty Ltd
C/· Level 7, 39 I\ihll'l'ay Street
HOBART TAS 7000

En'1uiL'!CS

Attention: MrI\l13cndill

Specific:ally completIon of SHITTEMl can take place only \\ith blowout
preventJOil eqlliVJIlf'nt in place ilR pY'ovided by thllt Scheoule.

vVhilst questioning the signillcance of the rl?sults 1 now have no option otlwr
\h<l11 to require yom full compliance with the provisions of Schedule 'C' from this
point on.

You I'S failhfuUy
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I Chaflered AccOlJlllanls

Geollrey R. GArroli F,C.A.
Telephone : (002! 34 6533

(002 346060
Fax: (002 31 2805

OILCONGA'0'002 2921:>319:3603/!2 '94I

I · O. R. Garrott & Co.

I 71h Level, flU l3uilding, 39 Murray Streel, Hoban 7000

I 2nd December 1994

I
I

Mr. M.W.D. Ayre
Director of Mines
POBox 56
ROSNY PAHK. TAS 7018

I Dear Sir,

I
I

o:::tlOOR OIL lNVES'IMENI'S PTY. LTD.

On 19th rlIf1}f. the Managing Director. M. I3endaJl. indicated clearly Condor's
intention to cannence drilling on ShHtim 1. 'l.'lle appendix to that letter
Wf're all the pre-requisite requixenents including notification to the
property owner (refer letter dated 19.11. 94) •

I
I
I

This drill hole was clearly cannencecl with a dri,l.1 rig operated by K.M. R.
Drilling on Monday 21st November. 1994. This drill rig is capable of coring
an NQ strati'lgraphic hole as speclf J,ed ill tlle dccunent forwarded to you "II
prognosiR for a Stratagraphlc Hole".

The Managing Director advises that he was insl.nJcted by Mr. D. Burgess to
cease drill ing. due to unidentHie<l g<ls inflow into the holes. and that the
drill rig be rroved off site.

I
I
I
I
I
I

These instnJctions appear to have been officiCllly confinned by your
Department as per your letl:er dated 2Ath November. 1994 and received by me
tooay (2nd l2'ecenbel-. 1994). This letter statr>s that blm;,out prevention
f'Cjuirrnent is required. whiel1 is conflkt.ing with "dvice which was acted upon
in ccmnencing the drilling progra"me.

Condor has therefore been cmlpelled to cur1 ai] i t5 drilling progri'ITme. <'n
your inst.ructions. Condor is well advanced to ccrnplete the Shittim 1
stri'll:agraphic hole. having flecured th,' supply of blowDut prevention
cCj1Jir:ment. drilling Cj1JotatiolJ for services, drilling engineer. anciJlary
personnel and 8uPlDrt.

The financing for t.his drilling progrf:lIlIlle has been arranged subject to
secur i.l:y of tenure.

It is this security of tenure which if; requiJ:ed to cGlIplete Condor's drilling
requirElTlcnts. which had been planned 1.0 be en1lp] eted by 31st Decanber 1994.
and I understand th.,t a drill rig had been rr>s"rvc,j for this purpose.

I
.. /2

• (.OMPI.r- n: nM~(Jf. or ~a: nvu r~, H.jnUllIrK;
nt"(]'~l~"d 1". /lql'!1I~ !\f'ql':T('If'~ l\ur1'lrols, ~j'H,,1l nlJ~.nf:l~~ r\d"I~('r·; A\j~"'/l~.~. Vil'",1l'_\"~: Sf'rll!t,llint I'AylOl1 t;f1'vrr:o MMIAgomoni GonsUII,"g
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Condor wj 11 nCM possibly be unilble to canplel e this work by 31st December
1994, in view of the Department's new requirffilents.

If these requiranents are reasonable. th" drilling prograrme should be
ccmpleted within six weeks of notH ical:i.on.

Yours faithfully,

Q\JIJif'II\N OF DIREX:'IDRS
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