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DEPARTMENT OF MINES OOOOOG
SOUTH AUSTRALIA

Rept.Bk.No. 772
G.S. No.4954 :
A " S.R. No.27/4/122
THE RESERVOIR GEOLOGY OF GAS RESERVE

ESTIMATES, COOPER BASIN

INTRODUCTION

A reservoir geology study was undertaken for‘all\gas
and oil fields in the South Australian Cooper Basin except Mbéﬁba,
Gidgealpa and Packsaddle. The fields studied are those which will
supply the Sydney gas market. Moomba and Gidgealpa supply Adelaide.
Packsaddle is considered to have reserves too small to be economic.

The aim of this project is to outline the geology of the
gas bearing Permian Formations and to obtain estimates of the
volume>of proven probable gas contained within the individual
structures. From individual isopach maps of producing formations
the Petroleum Engineering Branch calculated the hydrocarbon pore
volume and deliverable gas and oil for each of the fourteen fields.

The formations of interest are all contained within the
Gidgealpa Group which includes from oldest to youngest the Tirrawarra
Sandstone, the Patchawarra Formation, the Murteree Shale, the
Epsilon Formation, the Roseneath Shale, and the Toolachee Formation
(Table 1); Figure 1 shows the gamma ray and sonic logs of Big Lake
No.1 wel} for the Permian Gidgealpa Group. This well was chosen

as an example because all formations mentioned above are present.

Although it is not the thickest section available, the Big Lake No 1

log does give a good picture of the Gidgealpa Group.
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The South Australian portion of the Cooper Basin is
contained entirely.within Petroleum Exploration Licences'5 and 6
held by Delhi International 0il Corp., Santos Iimited and Vamgas
N.L. Farmout éreas as shown in figure 2‘ShOW the interests earned
by each of the Farmoutees and the locations of all fields incorporated
in the project. -

Three main criteria were used ‘to determine the field
limits. If a gas-water interface was.recoéhised in one or more of
the wells, it was used to define the payfgand bqundai'ies° In all
such cases, with the exception of the-igélachee FLeld,a-horizontal

or dipping planar interface was assumed. In the case of no gas-

water interface being present within a field, a horizontal plane

was drawn through the base of the lqwestfproducing sand and used.
as an assumed gas-water interface. In many cases this would have
given a conservative reserve estimate. In the absence of any
recoveries of water dufing testing, 1t Wés assumed that permeability
barriers were affecting production and these were placed halfway
between producing and dry wells Wherever‘possiblen A special study
of-permeabilities and their relation to structure and formation |
thicknesses was made fbr use only in the Tirrawarra Field.

A summary of all calculations for the fourteen fields
is contained in Table 2. |

The pages are numbered in sequence throughout this report
but figure and table numbers grelnot, The figure and table numbers

commence at number one for each field.
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SECTION 1: BIG LAKE GAS FIELD (I.J.T.)

General _ |

The Big Lake Gas Field’Was_discoverea by Delhi International
Oil Corporation on the 3rd of December 1971 when Big Lake No.1
Well produced ecoﬁomic guantities of gas from drill stem test'Nooll-°

The Big Lake Gas Field contains 4 wells on the fault
bounded, elongated domal structure (Fig.1) #hd each produced
commercial quantities of gas. The Big Lake Field was drilled first
to test the structural trap for the presencé of hydrocarbons and
subsequently to delineate the extent of the field.

Reservoir Data

- The maximum pay thickness fbr the Toolachee Formation
obtained from the section (Fig.2) was 130 feet-and the producing
sands .cover an area of 15 869 acres. The calculated volume was
1 154 268 acre feet and the average porosity for the producing

sands was 13.1%. The total pay thickness for the Patchawarra

‘Formation was 8 feet as determined from wells No.q1 and No.%., The

producing sand has an average porosity of 11,3% and covered an
approximate area of 7575 acres. This givps a volume of 60606 acre
feet for the Patchawarra reservoir which was treated separately

from the Toolachee reservoir.

Geometry of the Field

| The field was drilled on a fault bounded elongated
dome trending northeast-southwest and the field lies to the southeast
of the Moomba Gas Field, Moomba No.4 being the closest well
approximately 2 miles to the northwest. Méomba 4 WasAa dry well
and therefore Moomba 2 is the closest producing well some 5 miles

to the northeast.
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The Della Gas Field lies approximately 20 miles to the
northeast of the Big Lake Gas Field. Big Lakée No.1 well was
drilled off the culmination of the domal structure as shown by
Fig.1. | |

The tops and bases of each producing sand found in the
four Big Lake wells are listed in Table 1 which also gives the
total pay thickness of each formation intersected. It should be
noted that Big Lake No. 2 well did not intersect the Patchawarra
Formation but was still included in the areal extent of Patchawarra
producing sand. Big Lake Nos. 1 and 3 both intersected 8 feet of
pay sand in the base of the Patchawarra and No.2 well was considered
to be in a similar stratigraphic position to these, and hence
should intersect this interval if it were possible to drill through
the formation.

All formations of the Permian are represented in the
Big:Lake wells making correlations between wells very good. Moomba
and Della Gas Fields do not correlate as well with Big Lake
formations as they are incomplete sections, although correlation
is still reasonable.

The Big Lake Fizld is bounded by faults which were active
duripg the Permian and this downfaulting of the Big Lake structure
relative to Moomba and Della allowed a complete section to be
deposited°
(a) Toolachee Fermation.

A section through all four wells was drawn for this
formation for the reservoir estimates (D.M. envelope no.2051). As
the schematic section (Fig.2) and P horizon (Fig.1) show, fault

boundaries limit most of the field. The southwestern boundary
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was defined by an almost horizontal gas water interface chosen
from dual laterologs. The easternmost wedge shape of the structure
was likewise discounted by the gas water interface projeéted
horizontally through Well Nos.3? & 1.
(b) Patchawarra Formation

As only 2 wells intersected the'8 feet section of sand
and no basal Gidgealpa seismic was available the boundary of the
Patchawarra.sands could only be trended around the P horizon
contours just outside No.3 well (see Fig.ﬂ). This appfoximate
area was assumed to have a‘constant 8 feet pay thickness for the

calculation of volume for the Patchawarra Formation.
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WELL NAME KB FORM AT ION SAI\“D SAND Top |SAND RASE Twicr -
NESS
AND  NOMBRER | (FEET) . (S%)ZESECI)) {psEfT;?EA) ness |
B/G LAKE [ /4O | TOOLACHEE 5 TELO Ted s .
B2 76 24 76 30 o
C 7eng 7 606 7
C> 7589 7595 | &
- C3 75 4] 7586 | 45
£ 7523 Y S
D2 75/ 8 752/ 3
Da 75 09 >5 77 8
F 74 /6 7423 7
ToThL ?¢
PATCHAWAR RRA 4=s 7 92 s
BiG Laxe 2. /22 | TOOLACHEE A 7553 7’56/ S
Bra2 74992 75/ | 20
Ci 7479 7487 &
c2 7430 7474 44
cs 74 /5 7425 | /O
P 7339 73¢5 | X6
ToTAL /6
BfG LAKE“' 3 /3¢ !/OOL_A(C/\—fEE_ C 7668 7(?83 /5
<2 7654 7760 1>
<3 76 36 A% )
4 7614 7628 /1
P‘ 7559 75 78 /9
P> 7549 7555 c
75
FATCHA KW ARRA 97/4 P75 5 38
Bl LAKE 4. Jl] | TooracneE =y 7eoq A =
- B> 572 7606 /4
< 75 20 SES5 /5
Ca { 75 X/ 75 3% - {‘
75 40O 75 48 g .
Cs 75 /@ 7 527 =
D 7457 7462 '
, e g nEmz | g o
77
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SECTION 2: BROLGA GAS FIELD (B.C.Y.)

General

The Brolga No.1 well was drilled during April and May,
1972, Wit£ Delhi as operatorsAfor the Delhi-Santos-Vamgas-Bridge-
Basin-Reef group. The first gas flow was reported on 16th May;
1972, and further tests in the Patchawarra Formation also produced
gas. No other Welis have been drilled in the field. The well was
drilled to test a structurally elevated area along the already

proven Fly Lake-Moorari trend. No o0il was found in the Brolga

Field, unlike in the neighbouriﬁg ones.

Reservoir Data
| Thére is a total of 77 feet of pay in Brolga 1; it occurs
entirely in the Patchawarra Formation. The field covers an area
of 2 101 acres and contains 54 147 acre feet of pay sand, having
an average porosity of 13.5%.

Geometry of the Field

The Brolga well was drilled slightly aﬁay from the top
of a roughly circular dome which lies approximately 4 miles northeast
of Fly Lake 2.This small dome lies on a saddle dipping, generally
northeasterly, away from the Fly Lake towards the Moorari Field.

Ten sands, of thicknesses varying between 2 and 26 feet,
produced from the Patchawarra Formation. Details are given in
Table 1. No correlation of these ten sands with those in adjacent
fields has been attempted.

The field limit was drawn around the 9150 feet b.s.l.
contour on the Lower Member Coal seismic map. This level was
chosen as it represents the lowest level of the coal seismic

horizon between the Brolga and Fly Lake Fields, and also because
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it approximates to-the base of the lowest pay sand in the well
(Fig.1). No gas-water interface was detected in Brolga 1.

The isopachs (Fig.1) were drawn ﬁsing the Lower Member
Coal seismic contour map as a guide for the zero isopach and a
working section, (see D.M. Env.2055). A diagramatic representation

of the section is given in Fig.1.
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SECTION %: BRUMBY GAS FIELD (B.C.Y.)

General

The Brumby No.1 well was drilled by the Delhi-Santos-
Vamgas group with Delhl as operators. Only the one well has so
far been drilled in the field and it tested gas from the Patchawarra
Formation on ‘st April, 1972. The well was drilled in South
Australia, close to the border with Queensland, on an anticlinal
structure which is present in both states.

Reservoir Data

The total pay in Brumby 1 in 37 feet. It occurs entirely
in the Patchawarra Formation and is composed of four interconnected
sands. The field covers an area of 4 379 acres and the pay volume
is 67 923 acre feet-of sand with an average porosity of 12.2%.

Geometry of Field

The BrumbyAwell was drilled at the southeastern end of
a north-westerly trending anticline (Fig.1). It is approximafely
10 miles due east of Toolachee 6, which lies in the Toolachee Gas
Field.

Four pay sands have been identified in Brumby 13 the
thickest is 20 feet (Table 1).

The limit of the pay sands was taken as the lowest
closing contour on the top of Patchawarra seismic contours (Fig.1)
this was considered to be probably a little lower than 7 000 feet
b.s.1. A drill stem test immediately below the oné that produced
gas recovered a full string of water. Calculations, which are
shown in Fig.2, show that on this basis the reservoir limit may

be placed at 7 029 feet b.s.l. on the top of Patchawarra Seismic
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Contour map (Fig.1). These two criteria therefore give approximately
the same limit, as shown by the zero isopach on Fig.1. The
isopachs were drawn with the thickest pay of 37 feet occurring at

the well.



THBLE )

000019

2

7
W@‘(L&Md 7;>p ss.| Bave ss| Thid |We S 7}% fe JM? s\ Trkeo
K8 ness | 48 ‘ Pt
N 7052 764G ¢ g

> O 93 .

7092
7708
7//2

TN O
7/32

7099

N EE Al Bl 'SE I Bl BN BN BN B B B B B B BN B B
. . - AL . . | H : N . . " ) - ‘
. . . 5 . . -, T a » N }
. ) . ; . .
. . . ® : - : . :



A

000020

. A2
- = Em =

aey

Murtivee Shak _
: ‘755*'Jubga A .

Aflermian

-
——

T e

Top of - Patthawama

Franm.

FIG 2

‘DEPARTMENT OF MINES — SOUTH AUSTRALIA

Stgle: OlL"ag.

Compiled: B CY

Drn.

Ckd.

BRUMEBY 6AS FIELD

Da’qgmmmaﬁc Jeclioy mewj 6-w-I.
. } 7/

Date: 9. 72

Drg. No.

- b
. _

1M-2,70 Al810

R R PR

b 2060




N M - N N N S SN e aw BN ey N EE B .

o 000021

SECTION 4: BURKE GAS FIELD (I.J.T.)
Géneral
. The Burke Field is one well gas field discovered by
Delhi International 0il Corporation during the first drill stem
test of Burke No.1 well, on the 3%1st of July 1972.

The Burke structure is a simple dome shape adjacent and
to the east of the large Dullingari structure. Burke No.1 well
was drilled because no adequate tests were conducted in Dullingari
No.1 well. The Toolachee Formation was not tested at all. The
production from Burke No.1 strongly upgrades the potential of the
Toolachee Formation in the Dullingari structure. |

Reservoir Data

The total pay thickness for.Burke N6.1 well was 47 feet
in the Toolachee -and. 96 feet in the Patchawarra Formations.
. The areal extent of producing sands, pay thicknesses and

volumes are listed below.

a. Toolachee Formation: 47 feet of pay; 3317 acres; 155911 acre
feet, and an average porosity of 14.9%.

b. Patchawarra Formation: 96 feet of pay; 4884 acres; 207449 acre
feet, and an average porosity of ’12?0%o

Geometry of Field

The Burke No.1 well was drilled on a simple domal trap
(see Fig.1). The nearest other Well'is Dullingari No.1 well about
5 miles to the west. Dullingari No.1 well as mentioned above was
Cértainly not tested and so cannot be discounted as a producer at
this stage. |
The formations, producing sands, their depths and

thicknesses are listed in Table. 1.
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Good correlations of the Gidgealpa Group exist between
Dullingari No.1 well and Burke No.1 well.

a. Toolachee Formation

The sand limits were chosen at the lowest point in the
saddle between Dullingari No. 1 well and Burke No.1 well. From
this point the structure contours of the P horizon were trended
around the Burke structure.

A probable gas water interface was chosen on laterlogs
for Burke No.1 and placed horizontally on the Toolachee Formétion
section (see Fig.2). This shows it is quite likely that thé
Dullingari structure contains gas in the Toolachee Formation. .

The Toolachee Formation was not tested in Dullingari Nboﬂ well,
The gas water interface in the Burke No.1 well doés not limit the
reservoir to the Burke structure (Fig.2). However for a "“proven
probable" figure calculation only the Burke structure could be
considered. As relief at this level is low a constant thickness
of 47 feet was used for the area plotted on the P horizon (Fig.1).
b. Patchawarra Formation

As dips are much greater thaﬁ in the Toolachee Formation
a constant thickness could not be used for the whole area. A
single section was drawn (Dept. of Mines envelope No.2052), and
an isopach map drawn—up, using thé Base of Gidgealpa contour map

as a guide. A horizontal gas water interface was assumed. The

level was chosen from laterologs at 7738 feet. The laterologs

show at this depth the ideal characteristics of a gas water interface

which provided a cut off all around the Burke structure. Consequently
no half way barrier had to be assumed. The isopach map drawn for |
the:Patchawarra Formation is included in figure 3 which also

shows the Base of Gidgealpa contours.
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WELL NAME K.R. FORMATION SAND SAND TopE |SAND RASE Twicx -
RBURKE No.l. | 286 |TOOLACHEE 688 4 o2 28
655 867 12

6827 834 /

47

PATC_ HAWARPKLA / 7703 7738 35

2. 7679 7608 /19

2 7653 7669 /5

4. 76 245 76 32 7

5 7596 TEO7 /7

6. 7562 | 757 &

96
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SECTION 5: COONATIE GAS FIELD(I.J.T.)
General

The Coonatie Field is a gas field containing only a

- single well Coonatie No.1 well, drilled by Flinders Petroleum

iﬁ their Patchawarra East Farmout. The field was discovered
during the 1st drill stem test on the 6th of October, 1971. It
was drilled to test the Lower Triassic and Permian sections on
a seismically defined anticlinal closure. |

Reservoir Data

The total amount of pay is 44 feet in two sands, one
of 25 feet, the other 19 feet, both being in the Toolachee .
.Formation, No recent seismic P horizon map was avallable at
this time so a standard area of 642 acres was chosen. The 642

acres with a constant thickness of 44 feet assumed for this

~area, resulted in a volume of 28248 acre feet. The average

porosity for this volume is 10.8%. The closest gas field to
this location is Mudrangie approximateiy 12 miles to the

south-southwest.
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SECTION 6: DARALINGIE GAS FIELD (B.C.Y.)

General

The Daralingie Gas Field is owned by the Delhi-Santos-

Vamgas group and is covered by PPL 5 (Fig.1). Daralingie No.A

tested gas from the Patchawarra Formation onl27th November, 1967,
and since that date two more gas wells have been drilled,‘ All

three wells were drilled to test a large structure which is composed
of two parallel, northeast trending anticlines (Fig.1). A
distinctive fééture of the field is that one anticline produces

gas from sands different from those in the parallel structure.

Reservoir Data

The maximum pay of 58 feet occurs north of No.1 which
is also the well with the thickest pay section (47 feet). All
production is from the Patchawarra Formation but the two sand
intervals have been ‘considered separately for drawing the isopachs.
The areal extent of the field around well Nos.1 and 2 (sands A,
B and C) is 1% 309 acres and the pay volume is %28 383 acre feet
of sand with an average porosity of 16.4%. The other area,
which includes only sand Y, covers 15 %2% acres but contains only
278 %97 acre feet of 11.7% pérosity sand.

Geometry of the Field

The Daralingie Field is contained within a large
composite anticlinal structure (Fig.1) which comprises two
parallel northeast trending antiblines each with a smaller
northeastern lobe. The first well was drilled over 150 ft
down-structure from the top of the largest (southeastern) dome.
The Daralingie Field lies 8 miles northeast of the three dry

Pando wells and is 20 miles southwest of the Moomba Gas Field.
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There is a total of four-pay sands in the Daralingie
Field. ©Sand Y produces in the western anticline, i.e. from well
No.%, and sands, A, B and C in well No.71 Only sand A produces
gas in Daralingie 2. The maximum thickness of 21 feet is attaiﬁed""
by sand A in well No. 2 (Table 1). All the sands of the Patchawarra
Formation were found to correlate well between the wells and the
two parallel features contain similar sections.

The boundaries of both reservoirs were not easily
determined and have been drawn using several criteria. No water
was recovered during drill stem tests and the limits of pay sands
are therefore presumed to be related to permeability trends within
the sands. To minimize the errors in trying to predict permeability
barriers, a "half-way" cut-off was used whenever a sand produced
gas in one well but not in anethero No gas-water interface was
recognized so a horizontal plang through the base of the lowest
producing.sand was used to limit the reservoirs away from the
area between the wells (Fig.2). The working sections (see D.M.
Env.205%) and resulting ieopachs for both sets of sands were
drawn using tﬁefebove mentioned criteria and the base of Gidgealpa
Seismic Contour Plan (Fignﬂ) as a guide for positioning the

horizontal cut-off plane.
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SECTION 7: DELLA GAS FIELD (I.J.T.)

General

Della Field is a gas field discovered. by Pursuit 0il

‘\ N.L. by the drilling of Della No.1 Well in August, 1970. To

\date there are six wells in the Della Gas Field oflwhich 5 are
producing wells and one, Della No.3, well, was uneconomic.
Della Nos.1 and 2 were drilled by Pursuit 0il and the other
four were drilled by Delhi International. The Della structure
is an elongated. simple dome and was drilled to test this domal

trap for the presence of hydrocarbons.

Reservoir Datab

, The thickest producing sand togai was 120 feet Jjust
east of Della 5a. All production in thetDella Field comes from
the Toolachee E“ormation° The field éovers.an area of 15593 acres
and its volume is 927404 acre feet. The average porosity for
these sandsxi$»45.7%.

Geometry of the Field

The Della Field was drilled on a broad elongated domal
structuré and the first well was drilled down the flank (see Fig.
1). The other 5 wells were positioned to give maximum information
about the limits of the field. The Della Field is about 25 miles
east of the Moomba Field and 5 miles north of Strzelecki No. 4
well, Strzelecki No. 1 well correlates with Della No. 6 well With
respect to the Toolachee Formation.

The sands in the Della Field have beéh placed into
4 groups of sands, A, B, C, and D the producing members of which

are listed with depths to top and base and their thicknesses in
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Table 1. Della No. 1 well intersected 95 feet of pay sand. This
is the thickest pay section in the field.

The limit of the sands was chosen from a horizontal
gas water interface at 6458 feet (B.M.S.L.) selected from Della
No.2, Della No. 5 and Della No. 6 wells, from log interpretation,
drill stem tesfs and the dual laterologs; This horizontal sugfaég
was plotted on working sections (D.M. Envelope No.2054) and an
isopach map drawn from the sections (Fig.3) following the trend
of the P horizon. ZFigure 2 is a schematic representation of the
working sections.

It should be noted that the horizontal gas water interface

does not extend at the same level under the Nappacoongee structure.

' Water was intersected in the uppermost Toolachee test along with

some gas. This means the gas water interface is either steeply
dipping from Nappacoongee down to Della 3 or it is a quéhed gas
water interface in the Nappacoongee structure. In elther case the
volume of gas in the Nappaéoongee structure would be small, and

of the order of the possible producing structure shown by dashed

lines in Fig.% between Della 3 and Nappacoongee wells.
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WELL NAME K.RB. | FORMATION SAND SAND Tor [SAND RASE m.o:‘,-\,
AND  NOMBER | (FEET) (s(a';f.i,ﬂ {Cs%%?m/ :f;:_gr)
DELLA No.l 208 | TOOLACHEE A 6397 6426 39':.,
5 G372 288 |G ‘.
C 6353 | L3606 7]
Ca 6237 | ¢349| ;5 [
Cz 6222 | ¢z28 é
D €268 | ¢28z2| /s ',i"}
75 |
DELLA No. 2. | /29 | TooLAcrEE D 6386 | e3¢ | 40!
DELLA No.2 | 222 | Too L ACHEE D GA4C casg /o
DELLA No.4 {212 | TooLACHEE A 6347 C 2o s -
B 6222 | L2306 | /4
C 6305 | L33 =
C> €292 | 629¢ 4
=
DELLA No 5a. ToOLACHEE A g2 G224 4.2
3 G175 18] S
| C G125 &l 65 30
D CO96 | 6107 I
87
DELLA No.&. TOOLACHEE B C454 | casg 4
| < 6435 | cadz| 7
r C"’ CA 19 424 5
2 6368 | cao7| 39
55

| " a - .

i
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SECTION 8: FLY LAKE OIL AND GAS FIELD (B.C.Y.)
Genéral |
The Fly Lake Oil and Gas field is owned by the Delhi-
Santos—Vamgas;Basin—Bridge-Reef group of companies. Three wells
have heen drilled in the field, two of them produced oil and
gas, the third was dry. Fly Lake 1»tested gas from the Patcha-
warra Formation on 26th September, 1971, and‘oil.from the Tirra-
warra Sandstone two weeks later. The field is sub-divided into
two structures which are aligned along the northeasterly trend-
ing Fly Lake—Brblga—Moorari Trend (fig. 1). The wells were
drilled on these structures with therhdpe of fiﬁd;gg oil and

"gas as at Tirrawarra to the east.

Reservoir Daga:(Patchawarra Formation)

The maximum pay thickness in the gas sands is 163
feet ét Fly Lake 1., The gas reservoir covers an area of
4 477 acres and contains 252 462 acre feet of sands with an
average porosity of 11.4%.

Reservoir Data (Tirrawarra Sandstone)

N

N

The Tirrawarra Sandstone attains a maximum thickness

of 60 feet (fig. 2) to the northeast of No. 2. .The field -

1

covers an area of 3 765 acres and contains 126 492 acre feet.
of sands with an average porosity of 11,2%;

Geometry of the field

The field was drilled on an anticlinal trend con-
sisting of two sub-structures (fig. 1). The first well was
drilled at the top of the larger, southwestern one, ﬁoo 5 was
drilled lower down the same feature and No. 2 on the smaller,

northeastern anticline (fig. 1).
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The Fly Lake field lies approximately 10 miles west of the
Tirrawarra Oil and Gas Field.

Fly Lake 1 contains 15 gas-pay sands and 4 o0il sands;
No. 2 contains only '7<an:dﬂ2wre'spective1y° The maximum gas sand
thickness of 27 feet is attained in No. 2, and there are 3 sands
of 20 feet and greater in No. 1. (see Table 1). An oil sand in
No. 2 is 39 feet thick. The sauds in both the prodﬁcing wells
and the dry one, No. 3, all-correlate well with each other.

No gas-water‘interface was identified within the Fly
Lake Field, although No. 3 produced considerable amounts of.:
water from the Patchawarra Formation, and a half-way permeabil-
ity cut-off was.chosen between producing and dry wells. This
half-way cut—off ﬁas used to minimise the errors involved in
predicting a permeability barrier. The field limit to the -
northeast of No., 2 was placed on the top of a small anticline
between the Fly Lake and Brolga Fields because of»the absence
of any definite indication of a permeability barrier's position
(fig. 1). Away from the wells, the two reservoir limits weré
drawn using the seismic maps as a rough guide - the Lower Mem-
ber Coal for the Patchawarra Gas Sands and the Base of Gidge-
alpa for the Tifrawarra\Oil Sands. Isopach plans were compiled
with the help of a working section (D.M. Env. 2055) drawn
from the southwest to the northeast of the field. Figure 2.

shows a diagramatic representation of the working section.
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SECTION 9: MERRIMELIA GAS FIELD (B.C.Y.)

General

The Mérrimelia Field was explored by Alliance 0Oil
Development; only the fifth and final well found gas. All
previous ones were dry. The five Merrimelia wells are
scattered over a distance of more than 20 miles within the
Merrimelia-Innamincké farmout area - Nos. 2 and 3 are well to
the north of Nos. 1, 4 and 5. All were drilled on separate
anticlinal features along the eastern, up-thrown side of -the
main Gidgealpa Fault and No. 2 was drilled on a structure de-

void of any Permian strata.

Reservoir Data
Merrimelia 5 produced gas from 47 feet of sands at

the top of the Toolachee Formation (formerly believed to be

Triassic). The reservoir covers an area of 1 372 acres around

No. 5 and contains 64 468 acre feet of sand with an average
porosity of 16%.
Geometry of the Field

The well was drilled near to the top of a small dome
which is part of a larger, northeast trending structure
(fig. 1). It lies a little over 1 mile northeast of No. 4~
and approximately 8 miles south of the producing Tirrawarra
Field. |

Five pay sands are presént in the well, the maxi-~

mum thickness being 19 feet (Table 1).
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‘”nThe reservoir limit .was drawn at approiimatély the
7350 feet b.s.l. contour on the P seismic horizon plan’
(fig. 1), which corresponds with.the position of well No. 5
on that plan. .A uniform thickness of 47 feet throughout the

area was assumedox'The corresponding sands in. No. 4 were tight

'and failed to produée hydrocarbons or water.



Jabl /o 000040

Iett Jwd|  Top S Kave s.s| Thick |weu S Ty o fuze ss.| Thick-
KB ' ness LB ness
5140 728 2,32 4 |
200 B | 784 756 . 2 !

C | 7219 | 7223 | 4 | |

D | 7233 | 73s/ /g | f
£ 7250 7373 /9 | :
|

A \ I

. . N P -~ "
i .. . L . M



R I N N BN BN BN BN BN B BN B B B B B B BE e
. 4] i A . » .
i N

000041

TIRRAWARRA
FIEWD

Frg./

o
O
ANGE =]
/“\' QP\

10000
3

\ [kt of Reoervow

go?°

DEPARTMENT OF MINES — SOUTH AUSTRALIA

Scale: /- &0 0oo

Compiled: B Y

Drn.

Ckd.

MERRIMELIA GAS FIEL)
/’)D " Horiggm - (ovbowrs

e
—

Date: [/-7-72

Drg.No.
Epw 2057

182,70 A1810



”" » .
. B

o 000042

SECTION 10: MOORARI OIL AND GAS FIELD (B.C.Y.)

General

The Moorari Field is owned by the Delhi-Santos-
Vamgas-Bridge-Reef-Basin group. Moorari 1 tested gas from the
Toolachee Formation on 8th February,.1971, and oil from the
Tirrawarra Sandstone 13 %ays later. The second, and 1ast,
well was dry throughout the section.: The field was drilled to
test a structural trap which is well defined at the top and
base of the Gidgealpa (fig. 1). This small anticline is part
of the northeast trending Fly Lake-Brolga-Moorari structural

feature,

Reservoir Data (Toolachee and Patchawarra Formations)
The Toolachee pay consists of four sands totalling
2O feet the thlckest is 6 feet. The three Patchawarra gas
sands are 22 feet thick in total and the maximum is 9. feet°
e In this study, the gas pay sands from both formatlons
were combined for compilation of the isopach plan; their areal
extent equals 1 705 acres, the volume 1s 46 074 acre feet of

PP T

sand Wlth an average porosity of 10. 9A°

Reservoir Data (Tirrawarra Sandstone)
i L ;
The Tirrawarra Sandstone contalns four separate sands

whlch total 129 feet, The lowermost sand 52 feet is thef
thlcgest in the section. The oil reservoir covers an area of

2 204 acres and contalns 126 242 acre feet of sand with an

average poros1ty of 11, 9%.
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CeOmetry of the Field
| The field was drilled on a dome elongated in a north-
northeasterly dlrectlon which is part of the Fly Lake—Brolga—

Moorarl trend° The first well-  was drllled about 200 feet down

e

structure on the southwestern side of the antlcllne and the

second well further down on the northern 51de (flg° 1) -The’

k’»} -

Moorar1 fleld is 4 miles due north of Tlrrawarra 3 and a- llttle

sive IR .
pe o ia i 4.‘»-”#' Y

further northeast of Brolga 1 - both are gas produ01ng wells,__

T,
:.;_...\x..‘. T4
e

Table 1 ghows the tops and bottoms of the pay sands

R AR
SRR

encountered 1n Moor ri 1; the first four are 1n the Toolachee

L—\u’.»‘

Formatlon, the next three the Patchawarra Formatlon and the

rest are Tirrawarra Sandstone (Fig. 2). The sands all correlate
reasonably well with the non—productlve ones in Moorar1 2 and

e g .
the relatlonshlps are shown on the worklng sectlon (see D.M,

No water was recovered durlng testlng of Moorarl 2 o

AAAAA ”1 N ]

and the sands were assumed to be tlght.. The 11m1t of each set
ofhpayAsandsrwas deflned by placing a horlzontal cut offxplane’
(assumed 1nterfaces on fig. 2) at the base of each productlve
interval. Away from the wells, boundaries were drawn us1ng
the P “horizon and Base of Gidgealpa Seismic Contours for,

the gas and 0il sands respectively (Fig. 1),
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SECTION 11: MUDRANGIE GAS FIELD (I.J.T.)
General
The Mudrangie Field is a gas field discovered by

Alliance Petroleum Australia N.L. during the drilling of Mud-
rangie No.1 well on the 2nd of November, 1970. Two wells have
been drilled on the field (fig.1) one by Pursuit 0il and the
2nd by Delhi International 0il Corp. Mudrangie No.2 did not pro-
duce economic quantities of gas owing to tight sands.

| The field is probably unique to date as it is the only
fault trap producing field in the Cooper Basin (see fig.2).
Mudrangie No.1 well was a wildcat well to test this fault trap
for the presence of hydrocarbons,

Reservoir Data

The total pay thicknesses were 11 feet in the Toolachee
Formation and 56 feet in the Patchawarra Formation, each con-
sisting of one sand only. The aereal extent of the field is 2 221
acres for both the Patchawarra and Toolachee Formations but
volumes were 124,376 acre feet and 24,431 acre feet respectively.
The average porosities were 10.4% for the Patchawarra and 24.0%
for the Toolachee Formations.

Geometrey of Field

The Mudrangie Gas Field was drilled on a fault trap,
with bedding down and away from the fault, towards the northwest
(Figs.1 and 2). The first well was positioned reasonably close
to the fault (see fig.1) as no knowledge of the gas water inter-

face was then available,
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The closest well to Mudrangie No. 1 is Merrimelia No.%, ©6 miles
to the east which is a dry well and very close to a bald headed
Permian structure. The Tirrawarra 0il and Gas Field is only
8-10 miles west of Mudrangie No. 41 and correlations with this
field are far better than the reduced, to non existant, Permian
sections in the Merrimelia Field. Only the Roseneath Shale is

not represented in the Mudrangie Field.

Only one sand from each formation produced in Mudrangie

" "No. 1 and these are 11 feet for the Toolachee and 56 feet for the

. Patchawarra Formations. A simple working section was drawn up

(Dept. of Mines Env.2057) but was not necessary as constant
thicknesses were assumed.

As te P horizon was the only seismic available and no
gas water interface was determined, the base of the producing sand
in each formation was taken as the boundary. The trend then
followedthe P horizon contours to the ‘fault in the east and to a
permeability barrier in the west. (See Fig.1).

The permeability barrier was chosén from the complications
in faulting and change of trend of contours near Mudrangie No.2,
because this approximated a half way cut off (See Fig.1). Vol-
umes of each formation were then calculated using the same area

and assuming constant pay thickness for each formation.
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SECTION 12: STRZELECKI GAS FIELD (I.J.T.)

General

The Strzelecki Field is a gas field discovered by
Pursuit 0il N.L. during the testing of their Strzelecki No. 1 well
in the first drill stem test conducted. Two wells have been
drilled on the Strzelecki structure. Strzelecki No.2 well pro-
duced onlj water. It is a broad domal structure complicated by
a saddle éloser to Strzelecki No. 2 well and separated by another
saddle from the Mudlalee structure which also produced only water
(Fig.1). Note that North is to the top right hand side of the
page in Fig.1. The field was drilled to test this large structure
south of the Della Gas Field and to investigate the porous and
permeable sands of the Permian Gidgealpa Group.

Reservoir Data

The maximum pay thickness obtained from the section

'is 80 feet (see Fig.3) and pay sands are confined to the

Toolachee Formation. The field area covers 12,649 acres
resulting in a volume of %73%,180 acre feet of 12.4% average
porosity sands.

Geometry of the Field

The first well was drilled on a broad domal structure
6 miles to the south of the Della Gas Field. It was situated
north of the culmination of the dome on its flank (Fig.1).
Eight sands produced from Strezelcki No.1 well as can be seen
in Table 1 where tops, bases and producing thicknesses are

listed. . The total pay thickness is 43 feet for Strzelecki No.1.
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Strzelecki No.1 well and Della No.6 well show a good correlation;
in fact, better than Della No.6 well correlates with the other
Della wells.

The pay sand limits were complicated by the dipping gas
water interface from Strzelecki No.2 to Strzelecki No. 1 well,
Dips on the gas water interface were calculated by a simple
plotting method for; |

| (a) Mudlalee No. 1 to Strzelecki No.1 wells. The top
water producing sand was taken as the gas-water
interface (G.W.I.) for Mudlalee. Strzelecki No. 1
well has a well defined G.W.I. o

(b) Strzelecki No. 2 to Strzelecki No. 1 wells.

Strzelecki No. 1 G.W.I. was fixed (see above) and a
slope was chosen (See Fig. 2) so that Strzelecki
No. 2 Toolachee Formation was below the G.W.I.
and the saddle between the two wells dipped below"
the G.W.I.

The slopes of the above two G.W.I.'s were corrected to
a single direction and compared most favourably (N 1/1000). The -
calculated slope was adjusted in direction again, and found to trend
favourably to the Della G.W.I. level. A dipping gas water
interface with the calculated slope was then plotted on the
P horizon contour plan (See Fig.1) and the isopach map drawn
with the aid of the cross section (Fig.2 sketch). The working
sections are all included in Envelope 2058 of the Department of>

Mines Security Register.
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SECTION 13%: TIRRAWARRA OIL & GAS FIELD (B.C.Y.)
General

The Tirrawarra Field is owned by the Delhi-Santos-

- Vamgas-Bridge-Basin-Reef group and is situated in the Patcha-

warra Central farmout area. The first well tested gas on 20th
May, 1970, and oil on 29th May, 1970. Eight more Wells were
drilled after that and Tirrawarra 10 was driiling at the time
of writing. Of the nine drilled so far, five have fouRd oil
&Nos° 1, 2, 4, 8 and 9) and five gas (Nos. 1, 2, 3, 8 and 9).
Nos. 5, 6 and 7 were all dry. Data concerning No. 91Were
received too late to be included in this study. Tﬁé”field was
drilled on a large anticline to test what was anticipated as
being a structural trap. Since the commencement of eiﬁloration
it has been realised that the reservoir limits in the Tirra-
warra Field are dependent mainly upon permeability barriers
rather than structural criteria.

Reservoir Data

(a) Patchawarra Gas Sands

The gas is produced entirely from the Patchwarra
Eormation and maximum pay thickness occurs near well No. 8
é?ig. 1). The gas reservoir covers an area of 7 145 acres and
contains 205 822 acre feet of sands with an average pordsity

of 10.6%.
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- (b) MTirrawarra 0il Sands

The Tirrawarra Sandstone{atfains much greater thick-
nesses than the gas pay sands (Fig. 2) and covers a larger area.
The oil reservoir extends over 11 817 acres and contains 829 145
acre feet of sands with 12.2% porosity.

Geometry of the Field

The field is situated on a simple anticlinal structure
which is aligned roughly parallel to the northeast trending
Fly Lake-Brolga-Moorari trend. The first well was drilled
slightly away from the centre of the structure and the rest of

the wells have been placed at varying distances down the struc-

" ture (Figs. 1 and 2). The Tirrawarra Field lies 4 miles south

of the Moorari Field and the Brolga and Fly Lake Fields lie a
little farther to the west.

(a) Patchawarra Gas Sands

Five producing sands (F, G, H, I, & J)‘héve been
identified in the Patchawarra Formation (see Table 1 and Fig. 3).
Not all of the five produce gas in a given well and.the ﬁaxi—
mum number in most wells is 3 sands. The basal sand, J, is
generally the thickest and reaches a maximum of 3% feet in well
No. 1. The Patchawarra Formation sands are generally easily -
correlatable between wells and this is helped by the presence
of the Lower Member Ccal and other thinner seams which are

present throughout the field.
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(b) Tirrawarra 0il Sands

The Tirrawarra Sandstone in many places is composed
of one sandstone which ranges fo more than 100 feet in thick-
ness (Table 1 and working sections, D.M. Env. 2059). In some
wells one or more thinner sands and silty layers occur above.
the main sand. The Tirrawarra Sandstone is easily identifiable

underneath the Patchwarra Formafion and can be correlated in

‘wells throughout this field and in the surrounding area.

Reservoir Boundaries

(a) Patchawarra Gas Sands

The gas reservoir limits were derived using a com-
bination of half—way peemeabilify cut-offs and the Lower Mem-
ber Coal.structure contours. No gas-water interface was
identified in any'of the wells., The isopach plan (Fig. 1)
wa$ drawn using the working sections (D.M. Enﬁ..2059) and the

Lower Member Coal céntours.

(b) Tirrawarra Sandstone

' Only small amounts of water have been recovered

from tests in the Tirrawarra Field and the production is there-
fore assumed to be controlled mainly by permeability bérriers
within the sands. Foliowing a study of the averéée-permeabil—
ity for cores from the Tirrawarra Sandstone in -all of the wells,
it was felt that the previously referred to half-way cut-off

betweern producing and dry wells would be innappropriate here

~where the well density was greater.
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An empirical relationship between the average permeability of
the Tirrawarra.Sandstone'g@d the amount of folding and Gid-
gealpa Group overburden was applied inlan effort to définé the
0il reservoir limits. The degree ofﬁledigg-whicﬁ ﬁhe Tirra-
warra Sandstone has undergone was equated with the tangént of
the angle (8) between the tangents of points at half a mile
either side of the point for which the folding. was being
measured (Fig. 4). The profile for measuringAthe.angle was
drawn along the 1ine of greatest slope on the Base of Gidgealpa
plan (Fig. 2). |

The following formula was used:

K=F ( G. Tan ©)
T
Where K = pérmeability (average) in-millidarcys
G = thickness of Gidgealpa Group in feet
© = angle of folding (see Fig. 4)
T = thickness of Tirrawarra Séhdstdne in feet.

In.an attempt to determine the relationship between
the LHS aﬁd RHS of the above formula permeability data from
well cores ﬁere used. Values for (G. Tan ©) were determined
at each well site. ' These calculated vilues were Fhen plotted

againét average permeability values (Fig. 5).. No simple

_relatiqnship is evident. All wells fall within.a.zone which is

asymptotic to both axes. No cores were taken frgmgwell No. &4
80 that a permeability value’ cannet be ass;éhéd'ﬁé it. What-
ever its value, it will fall within the general zone outlined

on Figure 5. This zone was outlined by eye.
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In choosing a line to represent the function relating

the two parameters plotted, the most conservative view was taken.

13

That is to say, the lower boundary of the zone of plots was

taken. @s the function rather than a line of best fit.
(G. Tan ©) '
T 3

Values of were ca}culated at 14 points
around the Tirrawarra Field (Fig. 4). These points were chosen
close to seismic lines where the structural control would be
best. Using the function on the graph (Fig. 5) permeability
values were determined at these points. These points were then

~used as controls for a line defining‘the 2.5 md limié of per-

‘meability in the field (solid line, figure 4).

In order to make the estimate even more conservative,
structural control on the limits of the field was also assumed.
The 9850 feet contouyr was chosen because it allows the possib-
ility of some water in the sandstones in Well No. 7 (D.S.T. No. 3).

The final limits of the field were detérmiqu by
using the 9 850 feet structure contour and the 2,5 mdxiermeabil—
ity line in combination. The final limit was taken at either of

these two boundaries, whichever defined the most conservative

area (shaded area, figure 4).

The isopach plan (Fig. 2) was drawn using working
sections (DM. envelope 2059) and the Base of the Gidgealpa

contours.
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SECTION 14: TOOLACHEE GAS FIELD (B.C.Y.) ~
General L
‘:The Toolachee Field is owned by the'Deiﬁf;Santos-
Vamgas group and was discovered on 16th March, 1969:' Nine wells
have been drilled to date, the ninth (Toolachée£East-1) was

drilled after this reservoir study and is notjihC1uded in this

report. Six of the wells have tested gas ahdubnly two (Nos. 2

and 8) were dry. The field is divided into three distinct

producing areas mainly as a result of a sloping gas-water inter-
face (Fig. 2) which cuts off the reservoirs around wells Nos.

4 and 5 (Fig. 3). - The three reservoirs were all discovered
7

~ as a result of drilling to test structural traps.

Reservoir Daq?

The thickest pay occurs in the centre of the largest
reservoir area (wells'ﬂ, 3, 6 and 9 on Fig. 3) .and is over
180 feet. All gas production comes frdm“the Pafchawarra
Formation.. The three reservoirSWatlToolachéélbover a total area
of 21 768 acres and contain 1 139 596 acre feet. of sands with an
average porosity varyingAbetween 12.4 and”%5.4%¢;

Geometry of the Field

The field was drilled on four separate anticlines,
three of which were productive. The first well was placed nearly
to the top of the largest anticline (Fig. 1). Brumby No. 1
lies 10 miles to the east of Toolachee and is the nearest field

to it.
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Six pay sands have been delineatéd‘within the Patcha-
warra Formation but they do not all produce within any one well
(Table 1). The maximum}pay thickness of 160 feet occurs in
the centre of the largést reservoir (i.e. around Qell Nos.
1, 3, 6 & 7) (Fig. 3).£;The sands correlate well between all
wells in the field and between the separate structures.
A gas-water interface was identified in all of the
wells except No. 1 and was shown to be dipping towards No. 6
(Fig. 2). The intersection of the undulating gés—water inter-
face with the top of the Patchawarra Formation (derived from
Patchawarra Isopachs (Fig. 5) and Base of Gidgealpa Seismic
contours (Fig. 1)) outlined three disfinctlreservoirs.
Isopachs were drawn>using the working sections (DM. Env. 2060),
the structural contour and Patchawarra Isopach plans (Fig. 3).
The eastern limit of the No. 4 reservoir and the western and

eastern limits of the main reservoir are bounded by large

faults (Fig. 1).
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