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PHILLIPS AUSTRALIAN OIL CO.

DISCOVERY BAY NO. 1-

SUMMARY

Organic geochemical analyses carried out on cutting
samples from well intervals 1215m to 1370m, 1655m

to 1930m and 2295m to 2770m in the Phillips Australian
0il Co. Discovery Bay No. 1 Well have indicated the
following:

The fine grain rocks contained within well
intervals 1215m to 1370m and 1655m to 1930m
have an immature, poor hydrocarbon source
character. At a more mature thermal maturity
these sediments may have generated good
amounts of gaseous hydrocarbons.

The fine grain rocks within well interval 2295m
to 2770m have attained marginal thermal maturity
and have generated minor amounts of liquid
hydrocarbon at zones 2315m to 2370m and 2595m

to 2630m. '

This study focuses exploration attention on encountering
‘these organic rich sediments at a more mature position

within the basin. At a higher level of thermal maturity,
moderate to good quantities of gas and minor to moderate
quantities of 0il could have been generated and expelled

into available reservoirs. _

Paul Tybor
Analabs‘ S
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INTRODUCTION

Organic geochemical analyses have been carried out on
thirty five (35) well cuttings samples from the

Phillips Australian 0il Co. Discovery Bay No. 1 Well.

The purpose of this study is to evaluate the
hydrocarbon generating capability of the sediments
penetrated by the Discovery Bay No. 1 Well.

Analytical

Upon receivihg the samples, the following analytical
program was implemented. '

Type of Analyses Table - Figure
C, - Cy light hydrocarbon |
g&s chromatography N |
% Total organic carbon screen
analysis II
Pyrolysis . II

General Information

All data and interpretations given herein by Analabs
are proprietary to the Phillips Australian 0il Co. '
Two (2) copies of this report have been sent to Mr.
Gale Yarrow of Phillips at their. Perth Office.

Any questiohs relatéd to this study may be‘direcfed'Q

to Paul Tybor or Gary Woodhouse at Analabs in Perth

W.A.
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DISCUSSION OF THE RESULTS

Hydrocarbon Source Rock Evaluation

Within the sedimentary section pénetrated by
this well, three (3) intervals were evaluated
geochemically and are as follows:

1.  1215m to 1370m

2. 1670m to 1930m
3. 2310m to 2770m

1. 1215m to 1370m

The rocks within well interval 1215m to 1370m have
an apparent immature thermal maturity with poor
hydrocarbon source characteristics. - These rocks
at a more mature level of maturation may have
generated moderate amounts of predomlnantly
gaseous hydrocarbon.

The apparent immature thermal maturity placed on
this interval is based solely on the low Tmax
and Production Index (Figure I, Table II) values
obtained from the samples from this interval.

It should be noted that Tmax and Production

Index data are not as difinitive measurements of
thermal maturity as are Thermal Alteration Index
(TAI) or Vitrinite Reflectance (%Ro) data, hence
the apparent immature rating has been- given. -

- The poor hydrocarbon source character. givén f05” 
- these sediments is based on the poor volumes ‘of
”‘gas (Table I) and poor free hydrocarbon yields:

; Figure I Table I1I) obtained from the samples, .
ev%n though good amounts of organic matter (% -TOC
Figure I Table II) were analysed from these samples.- -
This is probably due to the immature nature of '
these rocks which have not experienced sufficient-
time and temperature to generate any 51gn1flcant ‘
quantities of hydrocarbon.

The organic matter contained in these rocks is
probably the gas-prone variety, due to the low '
hydrogen indices and high oxygen indices calculated:
for the samples (Table II). Consequently at a more

" mature position within the basin this interval would

be expected to have generated fair to good amounts
of predominantly gas. Here also, there are analyses

. available which provide better insight into the

types of organic mattcer pbeLht‘ in vocks {(visual
kerogen and coal maceral 1dent1f1cat10n) than does
the hydrogen and oxygen index.
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. 3. 2310m to 2770m

2. 1670m to 1930m ' “\\\

Well interval 1670m to 1930m contain rocks
which have good amounts of organic matter
(1.31% mean TOC, Figure I, Table I1I),
however, this interval also yielded low
Tmax and Production Index values, which
suggest thermal immaturity. Low S

(Figure I, Table II) values were r%corded
from the samples comprising this interval.
As a result this unit is characterised as
an apparent immature, poor hydrocarbon
source unit, which has the potential of
generating good amounts of predominantly
gaseous hydrocarbons at a more mature
geothermal regime. These rocks are also
gas-prone due to the low hydrogen indices
and moderately high oxygen indices (Figure
I, Table III).

The rocks comprising well interval 2310m to
2770m have apparently experienced a slightly
higher geothermal history, than the sediments
contained in the two overlying intervals.

This is evidenced by the slightly higher
Tmax values obtained from the samples from
this lower zone. Conseauently, minor to.
moderate hydrocarbon generation has occurred
from the good amounts of organic matter (%
TOC, Figure 1, Table 1I) contained in these

- rocks. This hydrocarbon generation is
evidenced by the fair S, peak values obtained
from the samples from i%tervals 2315m to-2330m,
2355m to 2370m, 2595m to 2610m and 2615m to
2630m. At these 1ntervals, the hydrogen = .

- indices are slightly higher than the hydrogen _f / g
indices of the other samples, and are approachlng '
a hydrogen index value.of 100 (Figure I, Table: f;"'
IT1). Also, the oxygen indices of the samples hi ‘
from this lower most interval are generally it
lower than those of the samples from the two
overlying intervals. This suggests that the
rocks encountered within the lower portion of
this well are more oil-prone than the overlylng
sediments '

As a result, the rocks comprising well interval
2310m to 2770m are marginally mature, based on
Tmax values, which have generated minor to
. moderate amounts of hydrocarbon at intervals
2315m to 2330m, 2355m to 2370m 2595m to 2610m
and 2615m to 2610 : L=

Exploration Significance

In the general vicinity of this well, the reservoir
traps in communication with the fair hydrocarbon
source rocks of intervals 2315m to 2330m, 2355m to
2370m, 2595m to 2610m and 2615m to 2630m, may contain
minor amounts of liquid and gaseous hydrocarbons. ,
3/- .,,//
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The remaining sediments analysed contain good amounts
of organic matter. However, the type is apparently
gas-prone, which has not given off significant
quantities of gas at the apparent low thermal
maturities analysed in the bulk of the sediments,
sampled from this well.

On a regional basis, the explorationist should
attempt to define where in the basin these sediments
have attained thermal maturity. At a more mature
position in the basin, the organic rich sediments in
intervals 1 (1215m to 1370m) and 2 (1655m to 1630m)
would be expected to have generated good amounts of
gas. Furthermore the rocks in interval 3 (2295m to
2770m) could have generated moderate amounts of o0il
and good amounts of gas at mature levels of thermal
maturation. :

*hkkkhkhkhkhkhkx .
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LOG ANALYSIS

Table 1 lists all the wireline logs run at Discovery Bay No.l. The final
Computer Well Log Plot (CPI), a composite of log analyses for Runs 1 (450-
1190m) and Run 2 (1199-2766m) respectively, indicates no potential

hydrocarbon productive zones (Enclosure 6).

The primary water saturation parameters for this analysis are:

aRw = 0.38 ohm/m at 820C (180°F),
where 'a' is the Formation Resistivity Factory Constant = 1
Cementation Exponent (m) = 1.8 (Sandstones), 2 (Limestones)

Saturation Exponent (n) = 2.0

Lithological descriptions from several sources were used to choose the
appropriate coding. However, the mud log, the litholog, the daily reports,
and the sidewall core descriptions are not entirely consistent. Consequently,
the lithology portrayed on the Well Log Print may not exactly match the final
interpretation on the Composite Log.

Thin hydrocarbon-bearing zones are apparent on the Computer Well Log Plot
between 750-768 metres, 792-802 metres, and 855-874 metres respectively,
with water saturations in the 80-90% range. These zones exhibit a false
hydrocarbon content probably caused by the presence of freshwater or the
difference in lithology between these zones and the average sandstone

zones which were used to determine the basic saturation parameters.



TABLE NO.l

DISCOVERY BAY NO.l WIRELINE LOGS

TYPE

Run 1

DIL-SLS-GR

DIL-SILS-GR

LDL-CNL-GR

HDT

INTERVAL

435-1210m

1199-2776m

1199-2776m

1199-2776m

SCALE

1:200,

1:200,
1:200,

1:200,

1:500

1:500

1:500

1:500
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- Stage (1i) - Sample heated at 300 C_for 3 mlnutes to liberate free

‘Stage (ii1)- Sample heated from 300°C to 550°C at 25°C/minute’ to

‘\\\\

THEORY AND METHOD

PREPARATION OF SAMPLES

The samples provided for geochemical studies are firstly, where necessary,
carefully air dried. Then they are crushed to 1/8" chips using a van Geld

Jaw crusher, and finally they are crushed to O.lmm using an NV Tema grinde

TOC DETERMINATIONS

The total organic carbon value (TOC) was determined on the unextracted
sediment sample. The value was determined by treating a known weight

of sediment with dilute HCl to remove carbonate minerals, and then
heating the residue to approximately 1700 °c (Leco Induction Furnace) in
an atmosphere of pure oxygen. The_carbon dioxide produced was absorbed
on a “Carbosorb" tower. The weight of carbon dioxide produced was then

used to calculate ZTOC in the sediment.

ROCK-EVAL PYROLYSIS

Rock-Eval pyrolysis is carried out by placing approximately 100mg of
the crushed sample into a crucible and then subjecting it to the
following pyrolysis cycle:

Stage (1) -~ Sample purged with belium for 3.5 minutes outside,
' B of heated part of pyrolysis furnace

_petroleum (S1 peak), - - if' ﬂf" N 73‘.r}‘i“;“ -

produce petroleun from kerogen (S2 peak). The furnaee
is maintained at 550°C for one minute. Carbdn dibxide
produced during this pyrolysis up ‘to 390°¢C (550 C in the,
" case of the carbonate free sediment) is’ absorbed on a

spec1al column'

Staée (iv) - During cool-down period the carbon dioxide produced,
‘ ‘ during pyrolysis is measured (83 peak).

The units used for Rock-Eval data are as follows:

Sl’ 5,» 83 = kg/tonne of rock

T = O¢c
max

Hydrogen Index = mg HC/g TOC

exr

Oxygen Index = mg C02/g TOC ' ‘ 4////
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' HEADSPACE ANALYSIS
.Headspace analyEis is carried out on sealed containers%(ue;eil§'tinned

cans) of wet cuttings. The containers are approximately three quarters

~

Rock-Eval data is most commonly used in the following manner:

(1) Sl ~ d1ndicates the level of o1l and/or gas already generated
by the sample.

(11) Sl+52 - referred to as the genetic ﬁotential this parameter is
used for source rock evaluation according to the

following criteria:

<2 kg/tonne Poor
2-6 kg/tonne Moderate
>6 kg/tonne Good

(i11) 51’(51+52) — this parameter is the production index which is

a measure of the level of maturity of the saﬁple.'

(iv) T -~ the temperature corresponding to the 52 maxima. This

temperature increases with increasingly mature sediments.

(v) BI, OI - the hydrogen ([5,x1001/70C) and oxygen ([$;x1001/T0C)
indices when plotted against one another provide informati
“about the type of kerogen ccntained in the sample and
'the maturity of the sample. = =~

PR UYL Lt

filled with the cuttings to leave an appreciable headspace into which
volatile hydrocarbons contained in the cuttings diffuse. - ‘}7 .

The analysis involves placing a small hole (1/16" dlamter) in the containe
1id, sampling 1 ml of the headspace gas with a gas injection syringe , and
finally gas chromatographing this sample of gas under the follqwlng
conditions: instrument = Varian Aerograph 1440 equiﬁped with an FIDr
column = 3mx 1/8" Chromosorb 102; temperature program = 70°C for

1.5 mins then up to 140°C at 15 C/min- carrier gas = n*frogen at 23

itr mlc/
min; - injector temperature = 50°C; detector temperature =_200°C;ﬂfAfter
each analysis the gas chromatograph is heated at 200°C for 8 minutes

to remove the Cs + components from the column.

on

The integrated areas of peaks representing each of the C;-C, components
of the headspace gas are corrected for their relative weight and 4—////
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volume detector responses, and their concentrations are reported as
volume (or molar) Z. If requested a semi-quantitative estimate of

the amount of gas in the headspace is determined by comparison of the
data for the sample gas to that for a known volume of a standard gas of
known composition and accounting for the approximate volume of the

headspace.

Data from headspace analysis is commonly used to identify the zone of

oil generation by plotting the proportion of C, + components (either

C2+/Cy or % C2+) against sediment burial depth. Gas containing appreciable
quantities of C2+ components, termed wet gas (Fuex, 1977), is generally

considered to be gas associated with oil generation. 1In addition, the

the ratio of isomeric butanes can sometimes be used for assessment
of sediment maturity (Alexander et al., 1981). The amount of gés

in sediments can be used to identify zones of significant gas generation

‘and out-of-place gas.
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APPENDIX NO.9

BASIC HYDROCARBON SOURCE ROCK POTENTIAL

AND

VITRINITE REFLECTANCE ANALYSIS




PHILLIPS
December 2, 1982
INTER-OFFICE CORRESPONDENCE / SUBJECT: Basic Hydrocarbon Source Rock
BARTLESVILLE. OKLAHOMA Potential Analysis of the PPCo

Discovery Bay No. 1 Well, Otway
Basin, Offshore Australia.
Charge No. RA4053

EPS Report No. 2368L

BVP-215-82

0. J. Koop (r) N. C. Tallis
Perth Office

N. C. Tallis' letter .to H. A. Kuehnert dated Oct. 19, 1982
requested source rock analyses of the PPCo. Discovery Bay No. 1 well,
of fshore Australia. The study of 16 sidewall core samples and 10
ditch cutting samples from this well is complete. The results indi-
cate that there is no significant source rock potential in any of
these samples at their present level of thermal maturity.

A summary of these results was reported by telex on Nov. 11,
1982. 1Included in this report are a source rock plot and a pyrolysis
data chart which help to display the various source rock potential
parameters. Kerogen and pyrolysis printouts on all samples are also
included.

Although 18 of these samples have rich levels of organic carbon
(TOC > 1.0% by weight) and 6 others have fair levels (0.5 to 1.0%),
only 6 samples have a dominantly oil prone kerogen content. Sixteen
samples have dominantly gas prone kerogen, whereas 4 samples have
approximately equal amounts of o0il and gas prone kerogen (see
printout). Vitrinite reflectance values on these samples range from
Ro 0.51 at 844 meters to Ro 0.66 at 2776 meters T.D. These values
indicate only an early stage thermal maturity; i.e., not yet-into the
peak range for o0il generation. Spore coloration index values (TAI)
ranging from 2 to 3- support this matur%Ez level. -

Given the above data alone, secondary liquid hydrocarbon source
cock potential is indicated. However, the pyrolysis data do not sup-
>ort this interpretation. The hydrogen index values of these samples
indicate that the o0il prone kerogen present was apparently subjected -_
to oxidation prior to or during burial which destroyed its oil poten-
:ial. This conclusion would seem to relate well to the sandstone/
siltstone lithologies described in the sidewall core descriptions and
well logs.



All things considered, therefore, no significant source rock
potential is indicated in any of these samples at their present level
of thermal maturity. Given greater depth of burial, and conseguent
greater thermal maturity, only dry gas source rock potential of
guestionable significance could be expected.

As of this date we have not received samples from our second well

in this area. When received, it will also be assigned a high priority
status.

//7412;¢A94137’zéﬁ:/-\445222?

Dennis R. Logan '

.

. 3 Stanley

DRL/sjv
Attachments

cc: W. E. Ryker
K. Lyons (r) B. W. Knuth
L. H. Hoelscher (r) J. A. Standridge
{ H. A. Kuehnert (r) D. W. Dalrymple
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