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AN APPRAISAL OF THE RESERVOIR

GEOLUEY CF MCOMBA GAS FIELD
ABSTRACT

Moomba 1s the largest gas field discovered to date in the
Cooper Basin, Eighteen wells have been drilled to evaluate
and develop its resources; three ifnto the smaller northern cul-
minatfon, and the other fifteen fnto the southern culmination.
Gas production is from the Toolachee Formation and Daralingie
Beds, Minor, as yet undeveloped, reserves occur in the Patcha-
warra Formation,

The Daralingie Beds are interpreted to have been deposited
during a lacustrine regression. Reservoirs exist in delta front
sheet sands. The Teolachee Formation can be subdivided into
three unfts whose depositional environments grade upwards from
deltaic plain, through alluvial fleodplain, to a senile land-
scape dominated by lakes and ceal .swamps.

The controls on pay sand distribution within the field are
complex. They depend on the interplay between structure,
11thology, water and porosity/pemmeability variations. There
is no uniform base level of pay, due to the low degree of inter-
connection between reservoir sands,

Studies should be carrfed out to learn the cause(s) of
variation in porosity and permeab{lity. Trends in gas deliver-
ability from the reservoir sands should be mapped and the controls
on these trends understood.

Two appraisal wells are required, These will not only boost
the gas reserves of the field, but also throw 1ight on the dis-
tribution of pay within the Patchawarra Formation, map the extent
of high productivity sands in the Daralingie Beds and previde
?ore well control with which to define Toolachee Formatfon field

imits.

INTRODUCTION
Moemba is the largest gas field discovered in the Cooper Basin to
date. It 1s located near the southwestern margin of the basin on the
eastern flank of the Nappamerrie Low. The field comprises two broad anti-
clinal structures, each trending in an approximately north-westerly direction,

separated by a narrow trough. The top of Permian ("P" Horizen) ranges from
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7 500 - 8 000 ft below sea level (Fig. 1). The total area of these two
structures exceeds 100 000 acres.

Econbmic\amaunts of gas have been discovered from three formations,
namely the Toolachee Formation, Daralingiec Bedz and Patchawarra Formation.
Table 1 shows which wells were productive from these formatfons. Of the
éighteen wells drilled so far, three ars non-productive. These are Moomba
3, 4 and 13. In addition, Moomba 7 was shut in after completion, because of

Tow permeability, to await formation fracturing.
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‘ TABLE 1
o

MOOMBA GAS FIELD - KNOWN GAS BEARING FORMATIONS

WELL NO. e g 3 4 fon g
Toolachee

Formatfon 5.84M 6.52MM 45 M 44 M 4,5 MM 5.35 MM
Daralingie ,

Beds 187 M

Patchawarra

Formation 133 M : - - | 7.3 MM
WELL NO, 7% g g 10%* 11w 12%%
Toolachee

Formation 485 MM 7.5 MM 4,6 MM 9,2 MM 5.0 MM 9.0 MM
Daralingie

Beds 2.1 MM 9.1 MM 7] G 9.4 MM
Patchawarra

Formation 82 M - - -
WELL NO. 13 14+ 15%* 16%* 17%% 18%»
Toolachee Est.7.96 MM Est, 13 MM 5.26 MM G
Formation G (after (after
‘ completion) completion)
Daralingie 9.5 MM
Beds 4,24 MM (after
completion)

Patchawarra

Formation - - - - - -

N.B. 1. Figures show the maximum recorded flow rates in cubic ft per day
(CFD) during dri1l stem testing. RTSTM's have not been recorded.

2, ** = Gas well producing from those intervals from which flow rate
exceeds 1 MM,

3, * = Shut-In Gas Well,
4, G = Known to be gas bearing from log analysis, but untested by DST.
5. =« = Not drilled.
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Historical

Moomba was the second gas field to be discovered in the Cooper
Basin, after the initfal find, the Gidgealpa Field. The Moomba discovery
well was the eighteenth exploration well drilled in or around the Cooper
Basin. In 1966, Moomba 1 on the southern, and larger, structure flowed gas
during DST No. 3 at the rate of 4:? MMCFD from the Toolachee Formation.
Moomba 5 successfully tested the northern culmination one year later, and
then Moomba 6 discovered economic volumes of gas from the Patchawarra For-
mation in this structure. Moomba 9 was the first well drilled for development
purposes, and since that time Moomba 11, 15-18 have also been drilled as
~ development wells. The remaining wells fall 1hto the appraisal category.

The most recent well, Moomba 18, was completed in June, 1975.
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PURPOSE AND SCOPE
Purpose
The purpose of the study is to obtain a better understanding of
the geology of the field, and thereby a clearer picture of the controls on

~ the distribution of gas pay sands.

Guidelines
In order to achieve the aims set out above, the study has been
conducted using the following guidelines:

For the Toolachee Formation and Daralingie Beds -

1. Correlate 1ithological units throughout the area of the field on
wireline logs.

2. Determine, as a result of detailed log correlation, whether or not
there is evidence for any loss of section between the Todlachee
Formatfon and the Daralingie Beds.

3. Subdivide the sectfon incorporating the Toolachee Formation and
Daralingie Beds into "process controlled genetic units" (Wetmer,
1975).

4, Determine the lateral extent of individual sands or genetically
related groups of sands.

5. Determine the maximum lateral extent of pay within the individual
sands, assuming no structural control on distribution,

6. Investigate whether there s any relationship between pay/non-pay
sand and the distributions of porosity, permeability and water
saturation,

For the Toolachee Formation, Daralingfe Beds and Patchawarra Formation -

7. Look for criteria by which to define the 1imits of pay sand.

8. Using (7), assess possible boundaries to the gas field.
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9, Assess the optimum areas for the location of future wells, from
the points of view of:
(a) maximum pay sand thickness;
(b) maximum gas deliverability;

(¢) maximum potential for expanding the g&s field boundaries.

Method of Approach

The first part of this report deals with the Toolachee
Formation and Daralingie Beds together;' In a later section, the Patchawarra

Formation is considered on its own.
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METHODS
(TOOLACHEE FORMATION AND DARALINGIE BEDS)

Geologfical Cross Sections

Location: Three geological cross sectibns have been drawn through the
Daralingie Beds and Toolachee Formation for the purpose of correlating
1ithological units (Figs. 2-4). Sectfon A (Fig. 2) has been compiled in

the vicinity of Moomba 15, where well control {s greatest and therefore
correlations between the wells are most 1ikely to be correct. Section B
(Fig. 3) tfes in the remaining wells on the southern culmination with Section
A. Section C (Fig. 4) attempts to correlate the units between the two cul-
mfnatibns. The wide well spacing on this section, relative to the extent of
individual sands must be ackn;wiedged before considering the validity of

carrelatfon.

Description: The sections show the gamma-ray and 1ithological log for each
well at a scale of 2 1n: 100 ft (1:600)., A horizontal scale of 1:10 000 {s

used, giving a vertical exaggeration of 16.6. Coals, sandstones and pay
sands are correlated from one well to the next. Stratigraphic boundaries are

marked.

Datum: The datum for the three cross sectfons is the radioactive shale

band near the top of the‘Toolachee Formation, This shale 1s most clearly

seen in the wells drilled in the western part of the field, for example in
Moomba 12 at 7 737 ft and Moomba 16 at 7 658 ft. The shale does not have

such a distinctive log character in the wells on the northern culmination,

but nonethe\esé is identifiable. It 1s considered to be a chronostratigraphic
marker band. Attempts to discover the cause of the high radioactivity, by

means of autoradiography and Xray diffraction, have proved negatfve (Thornton,

1972).
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Principles of Correlation: A set of rules was applied uniformly to

correlate the wells in the three sections. The first three of the six were

developed empirically:

1, Coals prévide the basis for correlation because they seem to be the
most laterally continuous 11thology. This concept is peffectly reason-
able when one congiders the modern analogue of the Mississippi River
and Atchafalaya Swamp. A very large proportion of the Mississfippi
alluvial valley comprises swamp, whereas the river, with {ts attendant
point bar, channel and levee deposits, 1s confined to a narrow corridor
along the eastern side of the valley.

2, Coals essentially have flat top and bottom surfaces, and do not take
facies “"steps" in the same manner as sandstones. The implication is
that they represent a long perfod of non-clastic deposition and their
boundaries more qlose1y approximate to synchronous time horizons than
any other Tithological break.

3. Gamma-ray log character is not an essential correlation criterfon between
sandstones, The only exceptions to this rule are the two major gas
bearing sandstones of the Daralingie Beds. Grain s{ze and shale content
of a fluviatile sand vary from one location to another, depending on the
particular position within a point bar or channel deposit. Thus the
gamma-ray log shape for any one sand also can vary with geographical
location, However, in the case of the closely spaced wells, many sands
do maintain a similar log character.

4, The other criterfon for sandstone correlation is its situation between
two coal seams that have been correlated. By and large, sandstones,
unlike coals, do not have flat top and bottom surfaces because there 1is
a significant lateral component to their deposition. Thus; they take

facies "steps”.
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5. Pay sand intervals have not been used as factors in 1ithological
correlation, They were marked onto the sections afterwards. Thus,
the correlation of pay sands between wells in no way involves circular
reasoning, |

6. Pay sand intervals have beén correlated within one sand from well to
well on the basis of increase or decrease in an arithmetic progression,
Wharé pay does not extend from one well to the next, a halfway cut-off
has been used between the producing and non-producing 'sands. This

approach veduces the inevitable error to a minimum, -

Choice of Stratiqraphic Boundaries

In order to understand the depositiona1 histohy of Moomba 1t was
necessary to divide the Toolachee Formation and Daralingie Beds section into
a number of stages, each of which could be studied separately. At the same
time, 1t was considered most important that the subdivision be into “process
controlled genetic unfts" (Weimer, 1975) because boundaries between such
unfts mark a change in the physical and/or biological processes operating
within the environment at the time of deposition.

| From examination of the geological éross sections, five stratal
breaks have been selected to give four units. Three of these units occur
within the Toolachee Formation (informally named Units I-I1I), and the fourth
s the Daralingie Beds. The depths to the top of each of the five boundaries,
together with the unit thicknesses are 11sted in Table 2.
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MOOMBA GAS FIELD - STRATIGRAPHIC TABLE -

Toolachee Formafion

Unit I

WELL _ Unit III Unit II Daralingie Beds Roseneath Shale
HO. Depth Top Thickness | Depth Top Thickness Depth Top Thickness Depth Top Thickness Depth Top Thickness Depth Top
C(ft) (ft) (ft) (ft) (ft) l (ft) (ft) (ft) (ft) (ft) - (ft)

1 7 602 354 7 602 116 7718 170 7 888 68 - 7 956 214 8170

2 7 410 381 7 410 145 7 555 182 7 737 54 7 791 136 7 927

3 7 705 389 7 705 159 7 864 176 8 040 54 8 094 130 8 224

4 7 709 400 7 709 163 7 872 182 8 054 55 8 109 111 8 220
5 7 936 353 7 936 93 8 029 179 8 208 81 8 289 ? ?

6 8 004 351 8 004 106 8 110 182 8 292 63 8 355 .89 8 444

7 7 868 365 7 868 158 8 026 167 8183 40 8 233 194 8 427

8 7 641 303 7 641 94 7 735 A 7 882 62 7 944 84 8 028

9 7.632 358 7632 "‘1'3_9 _____ 7 771 158 7 929 61 7 990 - 120 8 110
10 7 563 381 756 149 7712 182 7 894 50 7 944 142 8 086
11 7 736 1396 . 7-736° 150 .7 886, 175 8 061 71 8 132 116 8 248
12 7 593 429 . 7 593 183 7 776 190 7 966 56 8 022 136 8 158 -
13 7 822 399 7822 180 8 002 161 8 163 58 8 221 (?) 219 (?) 8 440
14 7 481 376 7 481 144 7625 169 7 794 63 7 857 144 .8 001
15 7 671 "379 7 671 142 7 813 182 7 995. 55 8 050 153 8 203
16 - 7 577 361 7 577, 118 7 695 183 7 878 60 7938 137 8 075
17 7 647 359 7 647 116 7 763 182 7 945 61 8 006 132 8 138
18 7 674 421 7 674 183 . 7 857 195 8 052 43 8 095 161 8 256




Pay Sands Defined

In every case, pay sands have been defined from quantitative log
evaluations., For Moomba 1 - 10 revised pay and thickness estimates produced
by C.R. Porter in December, 1972 (see relevant SR files) have been used.
However, in the case of Moomba 1, 6 and 10, my thickness definition is more
conservative than Porter's., The results of log analyses on Moomba 11-18,
contained in the relevant well completion reports, have been used for the pay
sand definition. C.R. Porter carried out the analyses for Moomba 11-17, and
N.J. Hamilton of Santos Ltd. did the evaluation for Moomba 18.

With a few exceptions, a pay sand is defined by porosity, @ > 10%
and hydrocarbon saturation, S hyd, > 50%. S hyd. = 100-Sy. Most of the ex-
ceptions are sandstone intervals which comply with these criteria but which
have permeabilities too low to permit significant gas flow. Some sandstoné
intervals comply with the criteria, but are very thin and 1nter59erse¢ with
water saturated sands, and are considered not to be pay. In a few cases, pay
sahds have eigher P < 10% and/or S hyd. <50%, which {s generally because these
are wefghted averages and the interval as a whole is considered productivé.

Pay sand thicknesses for all the wells are shown in Table 3,
together with the figures for "net feet of gas" (pay thickness x # x S hyd.).
Contouring of the net feet of gas figures produces a hydrocarbon pore volume
map. Data on pay sand intervals, porosities and hydrocarbon saturations are

contained in Appendix I,
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TABLE 3
MOOMBA GAS FIELD - RRXYSAMDDTHICKNESSES

WELL nO. Thickness () (e) e g s )
1 88 8.89
2 87 8.44
3 0 - 0
4 0 0
5 27 2.29
6 66 5.00
7 a5 3.10
8 123 o 6.76
9 76 ' 6,79
10 59 69
u 43 | 3.52
12 57 5116
13 0 : o : 0
14 18 | 1.92
15 53 - 4.49
16 56 | 5.10
17 50 4.43

28 ; 1.92

s
(> -]
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Isopachous Maps

Purpose: Four types of 1sopach have been compiled for each of the four

genetic units. These are:

(a) isopachs of each Unit (Figs. 5, 8-10);

(b) 1sopachs of ‘pay sand within each Unft (Figs. 13-15);

(c) 1individual {isopachs of the major sands within each
Unft (Figs. 6-7; 18-19; 22-25);

(d) disopachs of pay sand for each i{ndividual gas bearing
sand within each Unit (Figs. 11-12; 20-21; 26-29).

The major reasons for drawing these maps are:

x.

To determine the lateral extent of the Units and of the {ndividual
sands within them,

To determine whether there 1s any relationship between strueturés
and thickness of either the Units or the sands within them.

To see 1f the sand bodies within the Units show any directional
trends. | ’

To examine the geometry of the indfvidual sand bodies to see

-whether they can be used to indicate depositional environment.

To compare genetic unit isopach patterns with those of the relevant
pay sand isopachs. Dissdmilarities would suggest that oVerall
thickness is not a controlling factor in pay sand distributfon.

To determine whether the extent of pay within a sand can be related
to structure, geographic location or vertical position within the
section. The bbject is to develop criterfa by which to define limits
of pay. - |

Ultimately, to provide pay sand volumes for reserve calculations.
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Method of Compilation: (a) General - The isopachs have been contoured

solely on the basis of arithmetic gradation between the 18 control points.
To this end, a scale of 1:100 000 has been chosen for all the maps produced.
The “P" map was not used as a control during compilation because one of the
major réasons for the study was to determine the degree to which structure
affects pay sand distribution. - ‘

: (b) Daralingie Beds - The two gas bearing sands of the Daralingie Beds

(S1 and S2) were subdivided into the three categories of pay sand, sand and
silt, on the basis of gamma-ray log character and quantitative log evalua-
tion. Therefore, three isopachs have been prepared for each sﬁnd. Firstly,
a total fsopach was compiled and on this map the extent of sand was outlined.
The eastern 1imits of S1 and S2 were defined by the midpoints between wells
which did and did not encounter the sands. After the total isopach had been

drawn, a sand isopach, and then a pay sand isopach were compiled.

: {¢) Units I and II -~ Individual sands were correlated across Moomba

using the geological cross sections (Figs. 2-4), and the limits of these
sands have been determined from these sections wherever appropriate.

The only sands mapped on the northern culmination were those that
correlated with sands on the southern culmination. This is because of the

very limited well control.

: (d) Pay Sand Isopachs - Zero lines have been drawn on the pay sand {sopachs

for both the whole units and individual sands half way between dry wells and
producers. Pay thickness contours have been drawn on the basis of arithmetic
gradation between the zero lines and the control points. The unit isopachs
were used as control for the contouring of pay sand isopachs for the whole

units where they appeared to help.

S1 and S2 Diagrammatic Cross Sections

Two cross sectfons showing the "P" Horizon and the distribution of
S1 and S2 have been drawn north-eastwards across the south-western flank of

Moomba (Fig. 30). The purpose is to examine the relationship between present
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day structure, thickness, 1ithological variation and pay sand distribution.
They were compiled as follows:
1. Plot the "P" Horizon on a vertical scale of 1 cm = 100 ft.
2., Plot the depths at which S1 and S2 were intersected in the
wells on the cross section, ,
3. Draw a phantom horizon, which is midpoint between Sl and S2,
across the section using the "P" Horfzon as control.
4. On an expanded vertical scale of 1 cm = 10 ft. plot the total,
sand and pay sand thicknesses for S1 and S2 from the {sopachs.
‘The distance between S1 and S2 is arbitrary. Pay sand, sgnd

and silt at each well are in their correct relative positions,
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STRATIGRAPHY
(TOOLACHEE FORMATION AXDABALINGIE BEDS)

Description of Stratigraphic Boundaries:

Base of Daralingie Beds: This boundary is usuaily visible oﬁ_hoth the

gamma~-ray and sonic logs. The sonfc iog shows a change in character upwards
from uniform to much larger varfations in Interval Transit Time, On the gamma-
ray log the boundary 1; the base of the lowermost siltstone br sandstone band

in the Daralingie Beds.

Base of Toolachee Formation and Unit I: Fhe base of the Toolachee Formation

s marked by a hiatus, which in some wells {s indicated by loss of section
in the Daralingie Beds. Res

Results of galyno1og1ca1 studies of sediments elsewhere in the
Cooper Basin strongly suggest that there is an erosional break between the
Late Permian Toolachee Formation and Early Permian Daralingie Beds (Price,
1973). Unfortunately, there are no palynological data over the Modmba field,
primarily owing to carbonisation of the pa]yﬁomorphs. ‘

In the structurally high areas of the Cooper Basin, such as
Gidgealpa, the presence of a time break i1s clearly shown by the fact that
Toolachee Formation sediments overlie Early Permian sediments wfth a strong |
angular unconformity, associated with a'significant loss of section. How-
ever, tn the structurally low areas, such as Moomba,any difference in dip
between Early and Late Permian sediments is either negligible or non-existent.
In addition, commonly the loss of section is not obvious.

Therefore, recognition of the boundary between the paralingie Beds
and Toolachee Formation in Moomba has required the observation of loss of
section from one or more wells, followed by the careful correlatfon of this
level throughout the whole area, Moomba 8 is the only well that clearly
émddcates the absence of the upper portion of the Daralingie Beds, although |



-17-

Moomba 3, 5 and 6 also seem to have some of the section missing. None of

the other wells show any evidence for a hiatus.

Base of Unit II: This level marks the boundary between a suite of thin

sands, minor coals and dominant shales below, and a sandstone dominated sand-
shale-coal unit above, It is most clearly seen on the logs from the wells
on the western side of the field, such as Moomba 10, 15, 16 and 18 but can be

correlated throughout with ease,

Base of Unit IIl: The top bf Unit II 1s marked throughéut most of the field

by a thick coal, exemplified by Moomba 11, In some cases, this level consists
of two thinner coals, as in Moomba 4. fhe boundary between Units II and III
is at the top of the m&jbr coal, or at the top of the uppermost of the two
thin coals. There are a few exceptions, such as Mobmba 1, where the major
coal thins along the cross section and correlates with what has»bécome the

Towermost of two thin coals.

Top of Unit III: The top of Unit III s taken as the top of Toolachee

Formatfon. This 1s a rather dubfcus time boundary because 1t is overlain
gonformably by the Early Triassic Napamerrie Formation (Papalia, 1969). How-
ever, diachronéty is thought to be not too severe. This is because the
palynological Protohaploxypinus retioculatus Assemblage Zone occupies a very
narrow interval (Helby, 1973) and occurs at the top of the Toolachee Forma-
tion wherever identified.

The top of the Toolachee Formation is normally clearly distin-
guishable in the ganma-ray and sonic logs, using the criteria described by

Gatehouse (1972) in his definftion of the Toolachee Formation. .

Lithological Description of Units

This description of the units, and the distribution of the
various 1ithologies within these Units, 1s largely the result of observa-
tions made from the geological cross sections (Figs., 2-4) and core descrip-

tions, together with 1sopachs of individual sands.
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Daralingfe Beds - (a) Observation: On the western half of the field,

extending from Moomba 6-12, the base of the Daralingfe Beds is marked by one,
or two (where best developed) sands with a distinctive log character. The
remainder of the Daralingie Beds consist of sfigstene and shale, with only a
few thin sands and coals. |

The bisal sands are informally described as S1 and S2 on the
sections. As shown from the gamma-ray lag,sbsth;sands have a gradational
Tower boundary from the underlying shale, and the grain size coarsens ub~
wards. (In fact, the gamma-ray curve indicates a decrease {n shale content,
associated with an overall increase in grain-iixe). Invariably, the upper -
contact of S1 1s very sharp with the overlying rha\é..but in some cases the
contact of S2 is gradational.

The only wells in which these two sands have been cored are Moomba
15 and 18. In Moomba ¥Bmthe sands are not as fully developed as {n some of
the more westerly wells. Nonetheless, S1 sh@ws an upward gradation from shale,
threugh'interbedded shale and saﬁdstone, to ﬁandsﬁone. The sandstone is 1ight
grey, fine grained, and well sorted. It eontains wavy discontinuous shaley
and carbenaceous laminae (Zwigulis, 1974). The sharp upper log contact is not
obvious from the core deseription. $2 comprises intarbadded sandstone and
shale. In Moomba 18, $2 shows an upward increase in grain size from very fine
to medium grained (Vegh, 1975).

So far, Moomba 12 has intersected the maximum combined thickness of
S1 and $2, which 1s 30 ft. S1 consists of ¢ £t sand + 3 ft silt, and S2
comprises 12 ft sand + 6 ft silt. S2 1s spl1t with a thin sand developed
beneath the main one. But this stringer "siits out" before reaching Moomba 18.
Where S1 and S2 both exist, they occur about 10 ft apart,

The complete Daralingie Beds section attains its maximum thickness
in the south-eastarn part of the field, around Moomba 1, 13 and 7. Although
shale and siltstone dominate, sandstone and coal development {s greater than

elsewhare. The sands, however, are dfscontinuous from one well to the next.
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(b) S1 and S2 Isopachs - General: Because the S1 and S2 sands have such

a distinctive log character, their distribution can be mapped with a fair
degree of confidence (Figs. 6~7). In order te draw these maps, the 11thology
for each of the sands has been interpreted as sand (on the gamma-ray log:
API ¢ 100), siltstone (140 > API > 100), or coaly sand {as indicated from the

sonic log). Moomba 6 1s the only well where the sands appear to be coaly,

(¢) S1 Total and Sand Isopachs: The known area extent of S1 4s 25 x 10 km

and the locus of max{imum thickness appears to trend north-northwest through
Moomba 12, 18, 10 and 9 (Fig. 6). However, sand s restricted to an area of
20 x 6 km, although 1t is also thickest through Moomba 12, 18 and 9 (Fig. 11).
13‘!?“ fg\gtouris on Z?‘th e:i?“hs clﬁik»'l par:)]l:lsone. anoétgfzeggi eaigv‘:rardé
thinning to the west is provided only by Moomba 11. But in this well, gamma-
ray and sonic logs were not run successfully across S1 and therefore the
thickness estimate and 1ithological determinatien are open to considerable
doubt,

| The diagrammatic cross-sections (Fig. 30) show that sand oeeurs
above silt, and that silt extends eastwards from beneath the sand, At Moomba
11, which 1s an unreliable control point, there 1s only sand, This is ihe
only indicatfon that silt does not extend westwards further than sand.

If S1 extends as far west of the 1ine of maximum thickness as it

does east, then it is a widespread sheet covering an area of about 25 x 16 km,
Perhaps sand occurs only within the central 20 x 12 km. On the other hand, it

might be the dominant Tithology on the western side of the sheet.

(d) $2 Total and Sand Isopachs: S2 has a very similar sandlbody geometry

to S1, although it is s1ightly larger (25 x 11 km) and thicker (Fig, 7). The

sand fraction extends over an area of 19 x 8 km (Fig. 12),



«20-

If the thickness and 1ithology estimates at Moomba 11 are
correct both the total thickness and the sand fraction of S2 thins westwards.
The diagrammatic crbss sect1on'(Fig. 30) shows that silt‘océurs above és well
as Below sand at Monmbavls. | |

In a similar manner to Sl, $2 could be a sheet with the dimensfons
of about 25 x 16 km.

Unit I - (a) Observation: Unft I compared with the other three.subdivisions.
is thin, ranging from 40-80 ft. The unit consists of interbedded sandstones
and shales, and 1s characterised by the variability in amount and type of
sandstone, Coal 1s sparse throughout the section,

On the southwestern side of the field, the dominant lithology 1s
sha1e.'w1th sands subordinate to shale and almost no coal, Moomba 14 and 17
aré exceptions, however, with good sand development. ‘Elsewhere in the field
sandstone 1s as important a 1ithology as shale, although coal is insignificant.
Only one well, Moomba 3; 1nter§ected a major, 6 ft coal seam.

Moomba 13 intersected a 39 ft thick sﬁnd with, on tﬁe gamma-ray
log, sharp top and boftom contacts and a "barrel" shape (Pirson, 1970, p.37)
which implies 11ttle upwards fining of the sand body. Moomba 8 contains two
sandstones within Unit I. The Tower one 1s 42 ft thick and 1ts log pattern
is not dissimilar to the Moomba 13 sand described above. Core from Moomba
8 shows it to comprise fine to medium grained sandstone interbedded with
minor coaly shale Taminations and siltstone patches. Shale laminations are
regularly distorted, and dip at high angles, probably as a result of slumping.
In the lower part, the sandstone is cross-bedded at angles of 250 (Nugent,
et al., 1968).,

Moomba 9, 10 and 15 each intersected a sandstone with very
obvious fining upwards characteristics shown on the gamma-rax?g Generally,

those sands appear to correlate laterally with more "barrel" shaped sands.
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(b) 1sopachs of Individual Sands: The o1dest sands in the southwestern

portion of Moomba are the only laterally continuous ones. Very few of the
other sands can be correlated even bétween two neighbouring QelIs (Figs.
18-19). ;

The most extensive sand, No. 2 has an even thickné;s of generally
between 10 and 17 ft (Fig, 18). Iﬁ addition, it occurs at the base of Unit

I near Moomba 8 but climbs up the section in a southeasterly direction.

Unit 11 « (a) Observation: Unit II is the most uniformly thick of the
four units, varying in thickness from 147-195 ft. It is also the major
sand~bearing unit., It contains minor amounts of shale and coal.

Correlation of the sands shows that they are frequently displaced
up or down the section from one well to another (by facfes "steps"). This
implies a large degree of mobility of depositional processes, and an ability
of the sands to maintain their continuity, and not be swamped, in spite of
environmental change. In addition, thickness and gamma-ray log character
(which gives a qualitative indication of 1ithology) do not remain unfform
from one well to another,

The basal contact of most of the sands 1s sharp, and not gradational.
Frequently, these sands directly overlie coals. In many cases, the sands have
fining upwards top boundaries.

Sand to shale to coal successions abound, In Moomba 18, 5 out of
7 coal bands are directly overlain by sand., Of those 5 sands, three are
followed by shale-coal, '

In the cores from Moomba 9 (Lunt, 1971) virtually every sandstone
body shows upwards graded bedding, frequently from coarse grained, and even
cobbly, to fine or very fine gratned. 75 mm bands of cobble conglomerate are
common, especially near the base of sands overlying coals, The sandstones

are strongly current bedded., They contain carbonaceous material disseminated

throughout.



~22a

Most of the coals in this interval are thin (5 ft thick or less).
The exception is the coal that marks the upper boundary of Unit 11, which
reaches a maximum thickness of 11 ft, at Moomba 3. This coal 1s alse the
"most extensive, covering virtually the whole of the field area without a

break,

(b) Isopachs of Individual Sands: The oldest sands are mostly thin and

discontinuous. As a general observation they become thicker and more exten-
sive up the succession (Figs. 22-25). ' ,

The very complex nature of the sands 1s best indicated by Nos. 28,
2a, 2b and 3, all of which are interconnected (Fig. 22). The implication
from this is that many of the sands are "multi-storey"” 1ithologies deposited
during two or more periods of sand deposition.

The Tateral extent of sand No. 8 could be contoured with more
certainty than most other sands because of fts wide range of thickness
(Fig. 25). The resultant shape is probably the only one that might imply a

depositional environment,

Unit II1 - (a) Description: Shale is the major 1ithology in Unit III. Unit
thickness varies considerably from 90-180 ft.

Throughout the field, the lower part of this interval is dominated
by a shale. The shale horizon is thickest in the south and west (53 ft at
Moomba 9) but thins towards the north (21 ft at Moomba 5 and 27 ft at Moomba
6). Within this shale band there are only a few thin (1 ft) coals, The ex-
ception to this 1s Moomba 18, where three sands (6 ft, 5 ft and 5ft thick)
cut the shale,

Overlying the shale 1s a coal zone comprising one or two, generally
thick, coals (at Moomba 15, 16 ft and 18 ft thieck). The coal is almost con-
tinuous throughout the field, but at Moomba 12 a thick sand splits 1t in two.
This sand is 29 ft thick and differential compaction around it is indicated

on cross section “A" (Fig. 2). Moomba 6 and 8 also have a major sandstone at
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the bame level as the thick coal zone in the other wells (Fig. 4).

Above the thick coal most of the section is dominated by shale
with minor sands and a few coals. However, Moomba 18 containg a very thick
sand (40 ft thick) which thins towards Moomba 12 (Fig. 2). At the same
stratigraphic level as this sand, shale occurs at Moomba 14 and 15, A thin -
coal occurs above this interval in the four wells, and the considerably
fhinner section in Moomba 14 and 15 is thought to {ndicate drape‘akound the
sand. - '

Near the tob 6f the unit,=cne sand {s. continuous over much of the

southern area of the fier.' Elsewhere silts; thin sands and shale occur,

Enviggnmental,Infetpretation of Units

Daralingie Beds: Deposition of the Daralingie Beds followed deposition of

the Roseneath Shale wi;hout a break. Therefore, the S1 and S2 sands, which

occur at the base of the Daﬁalingie.Beds..wefe,mest prqbab1y deposfted in a

transitional environment during a (?) marine/lacustrine régression. Trans-

1t1oﬁfénv1ronmcnts‘can be classified as deltaic or coastal fnterdeltaic (Le

Blanc, 1972). By a process of eliminatien, described in the next four para-
graphs, 1t appears that S1 and $2 are delta front sheet sands, as shown pic-
torially by Gould (1970, Fig. 11).

Le Blanc (1972) states that deltaic reservoirs are of two types:
delta front sands or distributary channel sands. “(Delta front) sands are
sheet 1ike, and thefr landward margins are abrupt (against organic clays of .
the deltaic plain). Seaward; these sands grade into finer prodelta and
marine sediments. Distributary channel sandstone bodies are narrow, they
have abrupt basal contacts, and they decrease in grafn size upward". As
described previously, S1 and S2 have gradational basal contacts, are sheet
1ike and increase in grafn size bpwards. Therefore, 1f they have a deltaic

origin they are delta front sands.



In the opinion of Le Blanc, nterdeltaic sandstone reservoirs
"consist of beach and shoreface sands associated with barrier islands and
tidal channels which occur between the barrfers. Barrier sand bodies are
long and narrow ...., and are characterised by hn upward increase 1n grain
size ...... Tidal channel sand bodfes have abrupt basal contacts and range
in grain size from coarse at the base to fine at the top".

Because S1 and S2 show upwards coarsening with gradational basal
contacts, channe] sand can be deleted as a potential origin, leaving the
barrier sands,

Barrier sands consitt of barrier 1sland sand bodies and chenier
sands. Barrier 1slands are long (usually tens of kilometres) and narrow
(3-10 km), and reach a maximum thickness of 50-60 ft. Cheniers are similar,
except that they are usually only a third as thick (Le Blanc, 1972).

As shown in the description of S1 and 52, the sands are at least
10 km wide, and probably double that. In additfon, the greatest thickness
so far encountered for any one sand is 18 ft (at Moomba 12)., For these
reasons, S1 and S2 are not thought to be barrier.deposits but instead delta
front sands.

Additional evidence for the above {nterpretation is provided by the
distribution of sand and s11t within S1 and S2. S{1t extends much further
east than sand, which overlies it (Fig. 30). This internal geometry can be
explained ﬁy the process described by Gould (1970) of progradation in shoal-
water deltas (such as the Lafourche delta). By progressive outbuilding a
continuous sand sheet (the delta front sand) 1s developed. Subsidence of the
delta during depositfon results n a sandy body somewhat thicker than the
depth of water in which it 1s depoitted, which rarely exceeds 20-30 ft. Silts
and clays are deposited ahead of the deita zone, and provide a platform
necessary for delta advance. With continued outbuilding marsh deposits of the

deltaic plain advance across the sheet sands.
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Gould (1970) states that cutting through the sheet sands, there
are assocfated channel 411 sands, which in the Lafourche delta attain a
maximum thickness of 100 ft. To date, no channel fi11 sands have been iden-
tiffed in Moomba at the same stratigraphic level as S1 and S2. But, if they
occur; they could be {mportant reservoirs. -
|  The cored interval through S1 in Moomba 15 (Zwigulis, 1974) shows
upwards gradation from silt &o sand, together with other characteristics
described previously, which appear very similar to the shallow-water delta
facies described by Gould (1970, Fig. 13). In this example there {s an
upwards gradation from silty clay, to interlaminated clayey siit'and sénd.
to interbedded burrowsmottled sand and sfit, tnicIean, cross-bedded and lamin-
ated sands with thin layers of organic debris and plant fragments. ‘

In conclusion,vit is considered that S1 and S2 were deposited at
the front ofrhrograding delta and that outbudeing occurred 1n either an
easterly, or less likely, southerly direction. The relatfonship which puts
the depth of water at somewhat less than the thickness of the sand body
suggests a water depth of about 10 ft.

The sharp upper contact of S1 indicates a sudden change in depo-
sitional environment. This can be explained by the delta lobe shifting its
position laterally because of a major stream diversfon in the upper deltaic
plain. With continued subsidence, prodelta sflts and shales were deposited
‘'on top of it, preceding a second phase of delta building, with the resultfng
deposition of S2, Delta plain sedimerits overlie S2. In most cases the
change to swamp conditions was sharp, in a few cases gra@ational through
levee deposits. The two sands have very similar areal distributions, indi-
cating that the delta must have been in much the same position during thedr

depesfition.
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If S1 and S2 are delta front sheet sands, probably only about half
their areal extent has been defined by drilling. The fact that siltstone
extends further east than sandstone implies an easterly direction of pro-
gradation because in the model of progressive outbuilding proposed silts are
deposited ahead of the delta zone. There s, however, the possibility that
the portion of Sl and S2 so far discovered represents one side of the delta
lobe. Certainly the interpreted coaly nature of the sands at Moomba 6 suggest
that there is a northwards facfes change from delta front sand to back swamp.
#his implies a northerly origin for the delta. However, the coal interpre-
tation is based solely on sonic log character, and there is no corroboratfve

evidence.

Unit I: Unft I {s interpreted as representing depositfon on a deltaic plain
where the distributary channels rapidly change direction due to crevassing.
The supporting evidence {s the lack of coal, the variability in the amount of
sandstone, gamma-ray log shape of sands in two wells, and a core description
from one well. ‘

The lack of much coal is interpreted to mean that the depositional
surface was undergoing rapid change at the time of Unit I deposition, thus prevent-
ing the formation of coal swamps for long periods of time. It {s suggested
that the most likely environment for this to happen {s the deltaic plain. The
lack of continuity of sands noted above can be explained by the frequent chang-
ing of channel direction by avulsion.

Possible corroborative evidence for this interpretation s provided
by the thick sands at Moomba 8 and 13. The gamma-ray log pattern of these
sands is very similar to the SP log patterns of deposits interpreted as dis-
tributary channel 111 from the Cisco facies of the North Texas Pennyylvanian
delta systems (Fisher, et al., 1969, Fig. 98(2)).
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The 1ithological description of the Moomba 8 core appears to
11st many of the diagnostic characteristics of channel fi11 facies tabulated
by MacMillan (1974: also. in Weimer, 1975, Table 11,2). These include planar
to trough crossestrati§ication in the sandstone near the base, and finely .
Jaminated siltstone drapes, minor slumpage and cenvelute bedding in the sand-
stone above. The scale is similar too. MacMillan (1974) shows. that the
channel fi11 deposits range from 30 - 50 ft in thickness, and extend later-
ally for 600 m <,

If the Moomba 8 and 13 sands are channel fi11 deposits, their
correlation on cross sectfon B (Fig. 3) {is probably incorrect. Presumably
they would not extend as far as shown, especially for Moomba 8 where the
sand correlates to one in Moomba 9.

The finfng upwards sands of Moomba 9, 10 and 15 have log charac-
teristics very similar to some shown by Fisher, et al., (1969; Fig.98 (4a+b))
to be delta plain aggradational channel 111, characterised by abrupt
erosfonal lower boundaries and fining upward sequences. This further supports

a delta plain theory of origin for Unit 1.

Unit II: The depositional environment of Unft II was alluvial floodplain.
Evidence for this interpretation is the dominance of upwards fining success-
fons, the upwards migration of sand bodies, core data and the thinness of the
coals,

' The upwards fining successfon of sandstone, to shale, to coal 1is
diagnostic of deposition within an alluvial floodplain (Allen, 1964; Visher,
1965). The upwards migration of sands (as shown by facies "steps" in the
geological cross sections) figs exactly the proposed model of point bar sands
being deposited by lateral accretion. '

 Core data provide strong corroberative evidence, especially the
upwards graded bedding of the sands, and the bands of cobble conglomerates.

The cobble conglomerates, in many cases, are probably channel lag deposits
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which were covered by point bars in their lateral movement. Thus, the
occurrence of conglomerates within a sand body may well indicate the commence-
ment of another stream deposit incising an earlier point bar.

The thinness of the coals is characteristic of the fluviatile
model, There was Just not time enough for a thick seam to develop before
the néxtvpoint bar swept across. On the other hand, the areal extent and
thickness'of the uppermost coal indicates the close of a period of mainly
point bar and overbank deposits and replacement by a long stable period when

the whole of Moomba was covered by coal-farming swamp.

Unit III: Unit III depositfén was dominated by‘lﬁkes, with fntevmﬂttent
periods of'coal-swamp cond1f1ons and miﬁor rivers,

At the beginning of Unit III the whole of Moomba was {nundated,
drowning the coal swamp. Lacustrine conditfons commenced throughout.
Intermittently, conditfons became suitable for local coal development, pre-
sumably by a lowering of the water level on the margins of the lake, Moomba
18, however, marks the site of perfodic fnfluxes of coarse sediment, where
minor fluvial fan or perhaps delta outbuilding commenced and then died out
again,

The lake eventually dried up enough for tree‘growth to occur and
the area reverted to swamp. The thick sand at Moomba 12 probably marks the
path of a major channel through this swamp. The sands at Moomba 6 and 8
also indicate a region of channel development.

For a‘éecond time, lacustrine conditions prevailed, and again
channels developed in the western part of the area, as shown by the sand
at Moomba 18.

As the gradient between source area and the basin became very Tow
(Thornton, 1973) deposition of fine clastics dominated. Finally, the depo-
sitional environment of the Toolachee Formation was terminated by the onset

of arfdity in the Lower Triassic (Wopfner, 1972).
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ISOPACHS AND PAY SAND ISOPACHS
(TOOLACHEE FORMATION DARALINGIE BEDS)

Observations « Unit Isopachs -

Daralingie Beds (Fig. 5): The Daralingle Beds fsepach varies in thickness

more than any of the other {isopachs. It is very thick in the east, araund
Moomba 7, 1 and 13, where the sediment pile exceeds 210 ft. Thickness
decreases northwestwards towards Moomba 6 and 8, where the thinnest section
‘was encountered (84 ft). There is minor thickening around Moomba 18, which
reaches 161 ft,

There 1s no similarity between this fsopach and the structure of
Moomba, as shown by the "P" map (Fig. 1). ,
Unit 1 (Fig. 8): Thickness varfation is only slight, from 40 ft at Moomba
7 to 81 ft at Moomba 5, Even so, trends of thickening and thinning comple-
ment the Daralingfe Beds {sopach so that a "thick" on one map 1s a "thin"
on the other,
Unit 11 (Fig. 9): Relatively, the Unit II isopach shows the least amount of
variation of any of the units, from 147 ft at Moomba 8 to 195 ft at Moomba
18. Thickness variations are so slight that the 5 wells in a group around
Moomba 16 are all either 182 ft or 183 ft thick. But, it can be seen that
thickening trends are at right angles to contours on the "P" Map, particularly
in the southwest.
Unit III (Fig. 10): Thickness varies between 93 ft at Moomba 5 to 183 ft
at Moomba 18. Thickening‘trends are very different from the other isopachs,
and in the southern half shdw a very close similarity with "P" Map contours.
The thin areas around Moomba 1, ahd 16 and 17 relate to structural highs,
while the thick regfion té the southwest compares closely with the deepest
part of the southern cuimﬂnation.‘ | A

Overall, the uﬁit thins towards the northwest. This overall trend
would remain true even 1f greater well control in the vicinity of Moomba 5, 6
and 8 were to indicate a greater degree of parallelism between thickness and

structure contaire
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Observations - Individual Sand Isopachs

These isopachs were described fn the Stratigraphy section. ;jﬁ

Observattons - Pay Sand Isopachs

Daralingie Beds - (a) General: Pay is confined to the western sidgjé?'thé j
field, and is held in the two sands, S1 and S2. o f

(b) S1 (Fig. 11): {Bnly four wells contain pay sand, and of these, Moomba

9 has the greatest thickness (6 ft), qumﬁa'lliimd1eates wes tward th1nn1ng..
but the evidence ‘i{s too tenuous to define a western Timit of pay.

(¢) s2 (Fig. 12): S2 is both thicker and more extensive than S1. Of the
seven productive wells, Moomba 9 has the thiek@st section (9 ft). Ina
similar manner to Si, Moomba 11 1nd1§ates1th1nnﬂmg of pay to the west. The
contour pattern, and zone of maximum thickness are}veuy similar for the two
sands. ‘ o | o

$iit I (Fig. 13): Pay occurs in two d1s£fne€'n§gians. Moomba 1, with 13 ft

of pay, 1s separate from the main area of pay sand development up the western

side of the field. Moomba 8 contains 47 ft of pay, whereas the next highest
value is only 5 ft at Moomba 9, 12 and 18, There is no indication of a
western 1imit of pay. | | |
Unit II (Fig. 14): This is the only Unit 1n which all the field producing
wells contain pay. Thickness ranges from 14 ft at Moomba 18 and 15 ft at
Moomba 14, to 75 ft at Moomba 1. A zero thickness 11ne,1s~c1ear}y‘m§rked
along the south and southeast of the field, but nowhere else. A central
region without pay is defined by Moomba 3, from where pay.develepment 1nereases
outward towards the west, north and mertheast. _ _
Unit III: (Fig. 15): Only 5 wells produce from this Unit, in two separate
areas. In the northwest, Moomba 6 and 8 are related with thickness increasing
towards 30 ft at Meomba 8. There is no indication of an outer 1imit.

In the south, three wells contain pay. They are almost completely

surrounded by non-producers,nearly providing a well defined zero boundary.



Composite Isopach (Fig. 17): This has been prepared by adding together

the pay thickness for the Daralingie Beds and Units I-III, It therefore
shows the maximum possible thickness, assuming no structural contrel on pay
distribution. |
Abart from the zones around Moomba 3, 4 and 13, no zero edge is
defined. Except for slight indication of thinning to the west of Moomba 8
and south of Moomba 12, thickness contours are normal to structural trends

all around the structure,

Observations - Individual Sand Pay Sand Isopachs

Unit I (Figs. 18-19): Pay is 11m1te& to seven sands, only one of which extends
for any distance., This fs sand No. 2, which has two separate regions of pay.
Unit IT (Figs. 26-29): There is very 1ittle pay in the lowermost sands.

Most of 1t occurs in the middle or at the top of the Unit. The thickest sand,
No. 30, 1s 28 ft thick at Moomba 1 and éxtends to both Moomba 5 and 7.

Unit 111 (Fig, 16): Sz fs the only major producing sand. Being nearly com-
pletely surrounded by non-producinngeIIS, its 11m1t?1s clearly defined on '

all but its southern margin.

Comparison of Isepachs and Pay Sand lsopachs

Daralingie Beds: There is no similarity between the total {sopach and the

S1 and S2 pay sand isopachs because pay is confined to these two western sands.
Individually, however, there is very close parallelism between pay and thickness
contours for S1 and S2. '

Unit I: There is virtually no similarity between thé {sopach and pay sand
fsopach.

Unit II: Both isopach and pay sand isepach indicate a thick region around
Moomba 2, 10, 15, 16 and 17. Apart from this, the thickness trends on the

maps are dissimilar.

Untt III: There i3 no similarity between the {sopach and pay sand isopach.



Composite: A composite {sopach of Toolachee Formation amd Daralingfe Beds
has not been comptled for this report. But the above results indicate that

any‘COmparison would be purely coincidental,

Comparison of Individual Sand Isopachs and Pay Sands Isopachs

Unit I: There is no great similarity between.pay.and'th1ckness extept that
{n most eases'pay'is not nearly as extensive as 1ts host sand. '

Unit 11: Ecept for the oldest, most sands contain pay. The 1imit of pay

~ within one of these sands appears to be reiated to structure (as shown by
the "P" Map). This sand, No. 8, 1s very thick and contains a lot of pay.
The sand ftself extends over much éf the somthwéstern part of the struéture.
But pay is confined to a narrow northwesterly trending region coincident
with the apex of the southern culmination, o

Unit III: With two minor exceptions (Moomba 2 and 12), pay in the southern
area originates from a single sand, Sz. Comparison of the isopach of Sz
with pay from within it (Fig. 16) shows that only the eastern end is productive.
The sand thickens westward, but thieknéSs does not seem to affect pay sand
distribution as much as position within the §§nd.

Conclusions

Similarity between thickness and structure: For the Daralingfe Beds and
Units I and II, variations in sediment thickness should be considered from
the point of depositional control. This is because there is very little
similarity between the unit isopachs and the "P" Map. However, for Unit III
conformity between the 1sepach and structure contour maps indicates structural
control on deposition. |
The non-parallelism between thickness and structure maps indicates
one of two things. ,E%fher well control is not sufficfent to contour aeéur&ﬁe
isopachs; or that for the order of thickness of the individual units,
structural growth amd[or differential compaction were not a major factor
affecting deposition. Assuming thev1§tter to be correct, the explanation 1s

perhaps that in the Daralingie Beds, and Unité 1 and II, sedimentation was a
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- reiatively rapid procéss, with deltas prograding aﬂd.pofnt bars laterally
accreting. Thus, depesitional precesses were the dominant influences.

| The very s1ight thickness variations in Unit II are 1nd1cat1ve ef
uniform floodplain deposition throughout the area. The‘who1e of Moomba was
in the zone of river meandering and the streams took no preférred path,
either over or around the structure. |

On the other hand, the 1sopach and structure contours for Unit III

are vau&cstmﬁ%ar. Unit III 1s dominated by sha1es gradual]y deposited over
a long perfod of time. In this case depositional fnfluence was outweighved
hy structur&] gaawth and, in particular, differentia? compaction (see
' Geo]ogical Cross Seet1ons) | |

Similarity between pay, thickness and structure: There is virtually no

sihilarity between Unit 1sopaéhs and pay sand ghickness. It {is only when

individual sands are mapped that any confbrm1ty with the extent of pay

becomes clear. Even then, only in the Iaraling1e Beds 15 the re]at1onsh1p
.at all important for defining 1imits of pay. |

| For the Daralingie Beds, the very close parallelism between pay

and thickness contours for S1 ﬁnd S2 1s caused firstly by thickness varia-
tions and secondly by the eastwards sifiing‘eut. of the sand.

In Unit II, sand No. 8 contains pay only along the structural crest
of the southern culmination. This is a clear indication that for this sand,
at least, structure is a very important factor contrelling gas accumulatien.

The structural affect on pay sand distributfon that {s shbwn in
sand No. 8'pofnts.to the 1nvalidity of the unit pay sand isopachs, which
were contoured assuming no structural control. In addition, the fact that
no account waS'ﬁikenwéf.the trough between the two culminations implies that

the isopachs are extremely optimistic.
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RESERVOIR GEOLOGY
(TOOLACHEE FORMATION AND DARALINGIE BEDS)

Distribution of_ngwsangg

The role of water: Most of the qas praducing wells contain water saturated
sands within the Toolachee Formation ér Déra11ngie Beds (Table 4; Appendix
1). Most of these water saturated sands have 10w aoros1ty and low permea-
bility, especially in the cases where they are fnterealated with thin pay
‘sands,

| TABLE 4

Hoomba Gas Field - Wells containing Water Saturated Sands

Nater saturated sands occur above pay sands at: Moomba 17 Con
in between pay sands at : Moomba 1, 6, 8, 11, 12,
‘ 14, 17, 18 '
IqtercaTated with pay.
sands (thin,pay sands : Moomba, 8, 13, 18

separated by water sands)

below pay sands at : Moomba 1, 7, 8, 10,
12, 14, 15, 18
througheut : Moomba 4 {for most of
Unit II)

The pfesencg of a gas/water interface {s not necessarily indicated
by water sands beneath gas sands, because most of the water sands are tight.
In addition, the tops of the water sands occur at depths as varies as -

7 715 ft at Moomba 14 and -8 105 ft at Moomba 18, and could not all be

part of one simple interface.
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‘At Moomba 17 a tight water saturated sand overlies porous and
permeable gas satuéated sands. That the water was not replaced by gas’is
either because there is no interconnection with the water sand or that very
early diagenesis made the water sand impermeable, thus keeping eut the gas.
This case exemplifies the problem, relevant to all the producing we11s with
water sands, of whether the Tow poros1ty and permeab111ty prevented gas em-
placement, or whether lew perms1ty and permeabi]ity are the result of gas

emplacement not having occurred,

The ro]e of porosity. and permeability: Low perosity and permoab111ty are a

major factor in the nan-production from Moemba 3 4 and 13 and the shut-in
status of Moomba 7. As shown in Table 5, all these wells contain gas satu-

rated sands, but nonepéoduce at an economic flow rate.

TABLE 5
Moomba Gas F1e1d « Low Porosity and. Pgrmgabflity Sands in

N@n-preducing;wells

Moomba 3 : 9 gas saturated sands in Unit II. One sand has § = 11.5%
and shyd.=.74.5% and flowed gas at 45 ®MCFD; another has
p = 9.0% and shyd = 69% and prozigjy flowed gas at 38 MCFD.
Core data indicate low overall p k.

Meomba 4 : Above water saturated zone 1n Unit I1, 56 ft of sands are gas
saturated, but with low k. One has § = 12’.7%35hyd = 70% and
flowed at 44 MCFD, Below water saturated zone, 33 ft of
sands are gas saturated. |

Moomba 7 : 45 ft of pdy but a very low flow rate (< 1 MMCFD) due to very

“;leWﬁg; L |

Moomba 13 : 6 sands, distributed throughout all 4 units, that satisfy pay

sand criteria. A1l are thin, Tow productfvity zones which

flow at RTSTM.

———



The role of structure: Undoubtedly, the structural location of a well in

Moomba has some effect on its ability to produce gas, In the first place,

gas emplacement occurred because of Moomba's anticlinal nature.‘ And 1t is
highly unlikely (although not disproven) that there are‘gas bearing sands

in the structural low between the two culminations. However, unlike fields
such as Big Lake and Della where gas is confined between an anticlinally
folded seal above, and water beneath, structure §s not the only important con-
trolling factor. Not only 1s there no gas/water interface, but there s no
one lowest closing contour either (Fig. 1). Therefore, field 1imits cannot

be defined pureiy on structural criteria,

On the northern culmination, the contour at about -7 950 ft appears
to fully enclose the structure. This fits the data for the bottom of the
lowermost pay sand for Moomba 7 (-7 948 ft) and Moomba 5 (-7 955 ft). But
at Moomba 6 the base of pay is at -8 123 ft (Fig. 1). |

The situatfon is more complex fn the sauthern,cuijnation, where a
.nujor fault separates Moomba from Big Lake (Fig. 1). The‘lbwest closing con-
tour for most of the southern culmination 1s -7 950 ft. But at the southern
end of the field, near Big Lake 4, no contour closes agafnst the fault. In
addition, at its southwestern end the fault probably does not cut the "P"
Horizon, which would mean that there is 1ithological continufty across {t.

If there is 1ithelogical continuity between fields in this region,
it would be logical to assume from an inspection 6f the “P" map that there
may also be some reservoir continuity. The lowest closing contour at Big
Lake cofncides with 1ts gas/water interface at -7 678 ft (5.6.M. J.VQT.S.C.,
1974). A1l the pay sands in Moomba 11 and 18 are at depths greater than that,
as are most of the sands for the other nearby wells. So there must be
separation between the reservoirs of the two gas fields intersected so far.

An inspection of Fig. 1 shows that in many of the wells in the
southwest of Moomba the base of pay occurs at depths considerably greater than

the nearest closing contour. This implies that there 1s no interconnection



between sand§~1n this region, otherwise they would have a uniform basé of
pay at or near, the level of the closing centeur.

The above paragraphs show that structure alone does not contro1
the outer field 1imit. But in some cases the 11m1t of pay in a particu1ar
sand within tha field is structurally controlled ByAldtho}ogical»vae%atien‘
This is demenstrated by sand No, 8 in Unit II where gas is confﬁned to the
crest of the southern culmination However. the dfagrammatic cross sections
of S1 and S2 (Fig. 30) clear]y show that the eastern 11m1t of pay within

these sands is contronedby i«*‘vo{ogmo.( mfmimﬂ

Conclusions |

The fnevitable conclusion from these data must be that structure
controls the entrapment of gas in 1nd1v1dua1,sanQS because the gas {s held
in the updip end of the reserveir. - However, there 15 no uniform level of
base of pay. Therefore, there is a Tow level of lateral and vertical inter-
connection between reservoirs. , , ‘

It is assumed that the geoTogicai conditions during deposition
were the same at Moomba as at other areas such as Big Lake and Della.
Therefore, 1t is probable that sands are as contiguous at Moemba as these
structures where lateral continuity of reservoirs 1s excellent. Thus, the
Tow level of interconnectfon between reservoirs in Moomba must be due to per-

meability barriers,
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PATCHAWARRA FORMATION

Of the first 9 wells drilled in Moomba, all but Moomba 4 and 5
were drilled into the Patchawdrra Formatifon (Table 1). Moomba 5 was stoppéd‘
prematurely because of dr1111ng probiems."NQ well after Moomba 9 has 1nter~
sected the Patchawarra Formation. Therefore, the whole of the southwestern
side of the field is untested with regards to gas petential from this
formation,

Because of the Patchawarra Formation's 1imited amount of data and
known potential, 1ts stratigraphy, depositional environment and reserveir

geology have not been studied to the extent of the younger reservoirs.

Pay Sand Distribution

Three wells have produced measurable amounts ofggas. These are

Moomba 1 (133 MCFD), Moomba 6 (7.3 MMCFD) and Moomba 7 (82 MCFD). Only
Moomba -6 contains an economic amount of gas, contained within one 4 ft thick
sand right at the teé of the section, The other two wells contain their gas
each in one, or two, thin sands near the middle of the Formation (approx. .
700 ft thick at Moomba 7).

Because Moomba 5 did not test the Patchawarra Formation {t is
possible that pay sands occur throughout much o? the northern culmination.
Howaver, known distrjbut1on is Timited to the vicinity of Moomba 6 over an
area véry similar fn.location and size to that bounded by the -7 900 ft con-
tour in Fig. 1 (see Thornton, 1973b; Map 9, for a pay sand iselith map).

Lithology

The PatehawarravFormation-consists of interbedded sandstones,
shales and coals. A core cut through the reservoir sand at Moomba 6 shows
it to be fairly massive, with very occasfonal thin coal and shale laminae,
Quartz s fine grained and fairly well sorﬁed (Gausden, 1968). A log evalua-

tion (carried out by C.R. Porter in 1973) gives the sand @ = 10%; S hyd. = 69%.

R S
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APPRAISAL WELL SITES
Introduction |
An appraisal well is drilled as a step out to increase gas .
reserves, in addition to enlarging a field's producing capacity. By this.
definition, there are*two'areas where the drilling of an appraisal well is
warranted. These are in the vicinity of Moomba 6 and Moomba 8. Other
possible well sites probably have no greater potential for increasing reserves,

and bear a greater risk of being non-productive,

Well near Moomba 6
A well site should be chosen near Moomba 6 to test the lateral and

vertical extent of pay in the Patchawarra Formation, and to increase Toolachee
Formation reserves,

Moomba 6 {ntersected a porous, gas saturated sand at the top of
the Patchawarra Formatfon, Because the sand 1s thin, the proven-prebable
reserves are very slight, Another we]1'15»geeessany to discover the extent
and thickness of this sand. '

Another major reason for drilling near Moomba 6 is to drill com- -
pletely through the Patchawarra Formatfon in a regian known to be gas bearing.
Moomba 6 only intersected 211 ft. In Moemba 1 and 7, where measurable gas
flows have been recorded, the flows have come from a stratigraph1c-1nterv&l
Tower than was reached in Moomba 6.

In the upper reservoir, Moomba 6 contains the fifth thickest
sectfon of pay sand, It is the efghth mest productive well when thickness
{s weighted by @ and shyd_(3(Table 3). Pay sands occur well beneath the
Towest closing contour on the "P" Horizon (-7 950 ft) for the northern cul-
mination, in fact down to -8 123 ft. The potentia1 for increasing the field
area 1s great therefore. , | | k

Choice of the cptimum site will depend on the results of the
Tooroopie Seismic Survey. But from the point of view of maxiuﬁsing the

possible areal extent of both the upper and lower reservoirs a site should be
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chosen as far as possible west of Moomba 6, while sti11 remaining within

the -7 950 ft contour (for safety's sake).

Well near Moomba 8

————

A A well should be located northwest of Moomba 8 in order to confirm
the existence of pay in the Toolachee Formation, and to provide control for
the mapping of the Dara!imgie'Beds delta front sands. In addition, 1t 'could
be drilled through the Patchawarra Formation if the appraisal well near
Moomba 6 were successful.

It is necessary to evaluate the region around Moomba 8 more:-fully.
Moomba 8 contains the thickest section of pay intersected in the field
(123 ft), although in terms of net feet of gas 1t ranks only fourth (Table 3).
It 1s sited near the north-western corner of the seuthern culmination,
Because of lack of any other well control, possible volumes of pay in this
region have to be discounted from the proven-probable category.

The delta front sands, S1 and S2 are high deliverability sands.
They are therefore optimum targets. Moomba 8 is the most northerly well to
have encountered pay from S1 and S2 (Figs. 11-12). From an investigation of
Fig. 12 it appears 1ikely that S2 would produce from anywhere within 2-3 km
of Moomba 8., Hewever, drilling somewhere in the western arc between north
and southwest would provide very valuable information of the shape of this
important sand body.

From an investigation of the "P" Map (Fig. 1), the optimum well
locations would seem to be either northwest or southwest from Moomba 8. A
well to the southwest has the greater chance of successful production frem
the Daralingie Beds sands, but a well to the noerthwest {s more likely to
increase the overall reserves by significantly extending the field area.

There is one other reason why the northwestern well should be
chosen, If the Patchawarra Formation were to produce from the appraisal well
west of Moomba 6, this second well should also be drilled through the Patcha-

warra Formatibn, even though the interval was not encouraging in Moomba 8.
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The closer the well is to prospective Patchawarra Formation to the north,
the more 1ikely 1s it to be successful.

| The exact location of the well site will depend on results of the
Tboroobie Seismic Survey. But, in principle, the we11 should be sited on
the:ez 650 ft "P" Horizon contour at its most northwesterly point. The
-7 650 ft level is chosem‘for two reasons. Firstly, this level marks the
lowest\giosing contouf around the Moomba 8 structure on the southern culmina-
tion, Secondly, the deepest level at which the "P" Horizon has been {nter-
sected to date {s -7 689 ft at Moomba 13. Moomba 13 1s probably just too
deep to be a producer, Therefore, <7 650 ft 1s chosen as the depth at which
a well s likely to considerably increase reserves and yet still have a very

strong probabflity of being a gas producer,

Other Well Sites

Four other possible well sites are worth mentioning, one on the_
northern culmination, and three in the south.

On the northern structure a well near Moomba 5 {5 necessary to
evaluate the Patchawarra Formation. Moomba 7 produced 82 MCFD on drill stem
testing. This indicates that there may be gas throughout the length of the
structure because Moomba 5, in the middle, was not drilled through the
Patchawarra Formation. However, this site is not recommended as the first
appraisal well because of the poor reservoir characteristics of Moomba 5 in
the upper reservofr, (it ranks 14th and 14th respectively in pay thickness
and net feet of gas).

The next appraisal well site is northwest of Moomba 1, which has
the highest value for net feet of gas (Table 3). Hewever, the non-prospectivity
of Moomba 13 has downgraded the potential of the regfon to provide a greatly
increased volume of gas over that shown by Moemba 1. Nevertheless, a
Patchawarra Formation test will ultimately be necessary in the region of

Mooemba 1 because of the gas recovered from this well,
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Thirdly, a deep test\wellbshould be sited to investigate the extent
of pay in the Daralinéie Bgds and Toeiaéhee Formation down the southwestern
flank of the field. There fé no defined 1{m1t of bay along‘thigvside and 1t
is pess1b1e that pay sands extend to even greater depths than ha.u been tesfed
50 far -

F1na11y. the relatienship between the Early Perm1an sed1ments ef |
the southwestern flank of Moomba and the southwestern end of Big Lake ,' )
requires testing. Big Lake conta1ns gas in beth the Patchawarra and Tirrawarra
Formations. But no well to the south west of Moomba 2 has been drilled
through the complete Permian section. The pafential for increasing gas réaw
serves by a well in this vicinity is large, but so are the risk and cost of

such a well,
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CONCLUS IONS

erositiona1 Envirenments

1. The Toalachee Fermation can be divided inte three process contro!led
genetic units, Units I, IT and III upwards.

2. The Dara11n91e Beds were deposited 1n a prograding deltaic environment‘
The reservoirs in the southwestern part of the ﬁeld are de]ta fmnt

~ sands. , , _

3. Unit I sediments are de1ta plain deposits.

4. Unit II sediments were deposited on an al]uvial floedp]ain.

5. Unit III deposition was dominated hyyjaw energy lacustrine and coal
swamp environments. | B

6., For the Daralingfe Beds, and Un1ts I and II sedimentation was rapid
enough for deposit1ona1vprocesses ;o havg a domigant influence on
unit thickness. A | | .

7. Tor Unit III, sedimentation was a re1at1ve1y siow process so that
sediment distribut1nnlwas controlled by structural growth and d1fferen-

tial compaction.

Similarity between pay, thickness and structure

8, There is virtually no similarity between unit isopachs and pay
thickness. o |

9. Only-in the DaraTingie Beds do~1sopach§‘of 1nd1v1dua1 sands assist in
defining 1imits of pay. | |

10. Within S1 and S2 the distribution of the sand fraction controls the
distribution of pay. , }

11, The Unit pay sand isopachs whieh‘havg'been:eontpured without structural

control are excessively optimistie.

Reservoir Controls

12, Structure controls the entrapment‘of gas in individual sands because

gas is held in the updip end of the reservoir,



13. The small amount of lateral and vertical intercennectfon between .
reservoir sands 1s indicated by the lack of a uniform level of base
of pay.

14, The low degree of interconnection betwéeniﬁeservoirs is due to thé

presence of perméability barriers.
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RECOMMENDATIONS

Reservoir Evalgati@n,.

1,

Because porosity/permeability variations control pay sand distribution

these variations should be étudied in order to develop a model that

'expiains.them. ‘In particular, an attempt should be made to discover

whether low poresity and permeability prevented gas emplacement or

whether they are the result of gas emplacement not having occurred.

Unt1l a model 1s developed that satiSfaeterin aceounts for the dis-
tribution of pay sands, the folTewing pracedure should be adopted 1n

the calculation of gas reserves, The field should be divided into as
many areas as there are wells, For eaeh area the lowest closing contour
should be defined by the base of pay ancountered in the relevant well,
An arbitary boundary would have to be defined along the southwestern
flank of the southern culminatfon, and in the vicinity of Moomba 6.

Drilling

3.

An appraisal well should be drilled as far west as possible from Moomba
6, while sti11 remaining within the -7 950 ft "P" Horizon contour, in
order to evaludbe the extent of reservoirs within the Toolachee Formation,
Daralingie Beds, and Patchawarra Formatfon, The well should be drilled
to 1nter§ec£ the complete Patchawarra Formation seetiam.'

An appraisal well should be drilled as far northwest of Moomba 8 as
possible, while sti11 remaining with the -7 950 ft "P" Horizon contour.
Primarily, the purpose of the well would be to evaluate the extent of the
Daralingie Beds sands, and to increase gas reserves. If the appraisal
well near Moomba 6 obtained encouraging results from the Patchawarra
Formation, then this sectien should aI#o be drilled.. |

Current knowledge of reservoir d1stribut1on with1n the Patchawarra For-
matien 1s sueh as to 1nd1cate that the next wells threughout the northern
culmination, and 1n the v1c1n1ty of Moomba 1. should be drilled thr@ugh )

to pre-Permian rocks.
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6. A well should be drilled on the southwestern flank of the southern
culmination through to pre-Permian rocks t@_evaluate the Patehawarna

Formatfon section.

Gasypgljygrahjli§g¢

8. iThe o§derv1n which production wells are drilled largely depends on the
variation between current and future demands for pipeline gas. It is
therefore essential to understand trends tn-gas deliverability across the
field. Production test data should be used to prepare maps showing the
distribution of good and bad gas deliverability areas. This study would
be related to any study of porosity/permeability trends.

RCNT :fideA R.C.N. THORNTON
1/4/76
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MOOMBA GAS FIELD
PAY SAND DATA



MOOMBA GAS FIFLD - PAY SAND DATA

Well No. (KB) Unit Depth (ft) Thiii;’egg)(ft) Av. ¢ (%) Amhyd e x 0 x Shyd. Comments
( 1 ) 11 7731-432
129.06 46-49 : :
52_593 28 15.6 69 3.014
61-67
. 7783-95 12 16.6 71.5 1.424
7800-11) 11 13.0 72.5 1.037
7816-18 ‘
) SN e
7838-41 3 10.8 52 0.168
7849-59 10 1400 €4.3 0.900
7873-81 8 12.6 60.4 0.609
1 7891-98 7 12.1 62 0.525
7912-18 6 22 71 0.937
7932-35) .
37-40) 8.8 42
Daralingie  7988-91 _ 10.0 43
B oo TOTAL: 88 . TOTAL: 8.892
2 111 7440-49 9 10.2 62.6 0.575
(115.67) - 749196 5 7.5 53 1.988
cewen o LB e 75;1 g%g 6 13 714 0.557 : . .
7590~ 99) 9 14.5 80. 1.051
7606-9 ) :
11-13) 7 9.7 64.4 0.437
13-15)
7622- ggg 4 11.5 71 0.327
7639-43 4 10.5 67 0.281
7658-69 11 11.3 75.2 0.935
7678-87- 9 10.6 70.5 0.673
7696-7702 6 8.6 77.7 0.401
7708-16 8 12 77 0.739
7719-25 6 8.3 55 0.274
7734-37 3 10.5 64 0.202
TOTAL: 87 TOTAL: 8.440
- - S R
Well No. (KB) Unit Depth -(t) Thiziieég)(ft) Av. B (%) Av(e,ihyd e x P x “hyd. Comments
3 111 7750-53 8.0 40
(158.45) I - 7680-80 8.0 53
' 7889-7902 10,2 62.8 Total of 60-ft of
Py e ong e
7951-59 7.9 54.5 # ranges 5.5-12%,
7971-74 11.5 74.5 Av. B < 109.
7983-95 8.2 51.4 Av. Core k = 19 md
£006-11 7.9 72.6 .
8013-19 6.5 51
8022-30 9.0 69
I 8084-86 9.0 52
8091-93 . o 65
“TOTAL =
PR Lo 772438 . - 00 115 68.4
(125.50) " -~ . ‘ 7800-22 o e 58.9
11 7893-98 T g 32
. 7900-04 12.7 70 Low § gas
7911-14 ' 10.5 72.5 ) zones with low k
7924-30 _ 12 6 ) :
7941-44 , n o1 g
7955-57 : 11. :
7966-80 9.6 44 Predominantly water
7089-8000 ' 8.3 42 ; zones. Lovi & K.
8014-26 . 8.6 48 ‘
8036-52 8.4 2 )
I - 8071-83 ' I 4.9 ? Low § gas zones

8096-98
TOTAL =



Pae \ pay {e) . . Av. S,
f ¢ PR Upit Dentr -y ey ¢ A 5 (% . \ . mment
Well Ho. (f\L/ vty o weptn (fL, Thickness (ft) Av. ¢ () . an e x P x Sh_YO Comments

5 I 8088-8115 27 11 (core) ~77(core) 2.287 No resistivity 1095
(160) TOTAL = 27 : TOTAL : 2.287
6 111 8051-60 7.1 41
(135) 8060-69 9 10.1 62 0.564
11 8134-62 28 11 66.5 . 2.048
8181-90 9 12.1 62.5 0.681
8211-19 9.1 37
8226-28) 6 11.5 77 0.531
30-34)
8245-59 14 12.5 66.5 1.164
’ TOTAL: 66 - TOTAL: 4.988
7 11 8055-79 2% . 10.5 68.5 1.726
(144.30) 8103-06 3 10.5 54 . 0.170
! 8120-25 5 10.7 73.5 0.393
8168-73 5 10.8 69 - 0.373
8184-92 8 8.2 67 0.440
1 8210-16 6.1 35
TOTAL = 45 . TOTAL: 3.102
8 111 7678-7708 30 . 8.4 52 ’ 1.310
(118) -
I 7759-67 8 8.5 64 0.435
7792-7805 13 12.0° 67 1.045
7814-23 9 ) 13.2 75 0.891
7831-39 "8 10.5 64.5 .0.542
1 7884-95 - 11 11.0 54 0.653
7898-7942 36 9.5 46 1.573 <+——Thin zones of pay
interbedded with
Daralingie 7981-89 8 8.25 46.5 0.307 thin water satura-
7995-97 8.0 41 ted zones.
7997-99 5.0 5
TOTAL = 123 TOTAL: 6.756,
: e . Pay (e) . Av.S . S )
.He_]]l_l\'q.._(.<8)> . Um.t De;_nh (ft) - Thickness (ft) Av. § (%)' e hyd € x § x “hyd _ Comments
9 . II 7787-7800 13 . 11.2 69.5 1,012
(134) 7823-33 10 12.9 75.6 0.975
: . 7850-55 5 12.7 69 0.438
7862—82) . 20 12.7 77 1.956
Cr eaee U .., . T7888-90). . . o . :
. . 91-54) 5 o+ 16,9 - 0 eu59 . 0.322 < o o
7913-16 ) 3 11.7 70 0.246
I 7978-83 5 12.8 67 0.429
Daralingie 8072-81 9 14.5 85.5 1.116
8092-98 6 8.0 54 0.292
TOTAL : 76 TOTAL: 6.786
10 111 7589-92 9.0 61 - Thin Tow @,
(135) ) 7607-18 8.9 59 ! low k. Not
I 7728-32 © 8.5 54 ) effective pay
7741-43 9.5 57
7757-64 7 16.0 80 0.894
7769-71 2 - 14.5 73 0.21¢"
7773-86 13 14.6 82 1.556
7795-7806 11 13.1 75 1.081°
7825-35 10 12.8 75 0.960
7844-50 6 - 12,9 69 0.534
I 7934-36 2 14 72.5 0.203
Daralingie 8029-37 8 15.4 85.0 1.047
8037-40 5.0 44

TOTAL: 59 TOTAL: 6.489



etl e, e © o Unit i)r_-;){'n {ft) ThiZ;:es(:;.}(ft) Av. @ "':“"z,jh_\'d e X Px s'n_vd Comments
il il 7774-87 7.7 38.1
(138)
1! 7905-11 6.7 38.0
7925-30 4 13,6 64.5 0.351
7937-42 3.8 £45.0
7943-44)
oehitd) 3 b me o
7968-81 13 12.7 53.2 0.878
7986-94 8 15.3 78.5 0.961
8006-09 7.8 32 )
8011-16 5 10.7 52 0.278
8038-40 8.5 50
I 8117-19 9.5 51
’ 8120;22‘ 2 10.7 56 0.120
‘Daralingie  8227-31 g 13.5 65 0.351 :
N . 8243-47. 4 . .16.0 50 (assumed) 0.320 Probable Pay No.Dual |
~ TOTAL: 43 : : TOTAL: 3.520
12 . 111 7639-40 6.0 56.0 Tight
(117) 7641-45 4 10.0 52.0 0.208
7720-31 ] 11 12.8 73.4 1,033
11 7832-46 14 12.6 78.0 1.376
7860-69 9 11.4 66.0 0.677
7883-87 4 11.6 63.5 0.295
75903-06 3 16.1 71.0 0.343
I 8008-11) 5 10.1 58.9 0.297
: 12-14)
Daralingie  8123-30 7 15.7 85.1 0.935
8145-50 9.8 47.5
‘ TOTAL: 57 TOTAL: 5:.164
' : ; Pay (e) Av. S S
Well NoT .(KB) Unit Depth (ft) Thickness (ft) Av. P (%) (%)hyd e x f x “hyd Comments
13 111 7849-60 ' 5.4 41
(133) *7896-7900 ~11.5 61
7970-80 8 49
Il 8027-30 9.5 46
*8030-37 11.8 60
8037-41 5 28 *The only possible
8048-51 8 49 pay sands, but all
8051-55 6.5 3.7 are thin, low pro-
. *8069-74 10.7 50 ductivity zones.
8074-84 9.0 37
8092-97 8.0 46
8122-35 9.7 33
*8135-40 11.0 - 56
8150-57 9.4 26
8172-75 . 5.3 0
I *8180-82 . 10.7 54
8182-8205 10.5 27
——Ho G.R. but good
Daralingie *8430-32 15.0 80.5 microlog separation
TOTAL: © )
14 et 7522-26 5.0 29
(115)
1T 7633-36 7.0 68
. 7652-56 -8.0 C 64
7669-72 9.0 62
7706-11 5 17.5 86.5 0.757
7736-41 5 11.5 639.0 0.397
7753-56 7.0 A5
7756-61 _ 5 12.7 82.5 0.524
1 7813-16 3 12.0 66.5 0.239
6.7 47

" 7830-52

TOTAL : 18

TOTAL: 1.917



well No. (K8) | Unit - -Depth (ft) Thiiiﬁeig)(ft) Av. 9 (%) szxihyd e xPx Shyd Cormments

15 1 7701-3 - 8.7 64 C k=< 0.3
(145.37) 7703-4) " : . o
5-7) - 8 0.0 59 0.472
g-13) o
S b 7828-39) B 0 13.1 69 0.994
7859-61)
62-63) 3 . 10.3 67 _ 0.207
7881-83 . 2 11.0 67 0.147
7895-98" )
99-7902) 6 1.3 L 0.454
7922-33), b %
-+ 35-40) : 19 13.4 73 1.859
42-45) %
7956-60 i 4 12.3 12 0.354
Daralingie 8074-76 R 10,8 48 k=024
’ TOTAL : 53 TOTAL: 4.487
16 111 7591-7604 7.5 57
(121.60)
I1 1107-28 4\ 12,5 80 2,100
7753-59 6 14.4 82 0.708
;gag-?g} 4 10.8 74 . 0.320
11-15) b 0.2 - 13 0.447
7817-21) 0.569
6 12.0 79 . )
24-26) Tioht: 7621-24
7834-42 8 12.5 78.5 0.785
[ 7929-31 o 12.0 10 __0.168
’ TOTAL : 56 TOTAL: 5.097
' . . Pay () Mv. S S
Hell No. (KB) Unit » Depth (ft) Thickness (Ft) Av. P (%) (%)hyd ex@x hy@ Comments
17 ur 7662-77 9.3 36
(123.31)
: 11 7782-7804 22 11.2 71 ' 1,749
: 7817-22) - 5 12,7 78 0.495
7829-33 .
33,373 7 16.7 -8 0.947
7852-57)< 5 10 63 0.315
7876-78 c
£0-87) 9 12.1 69 . 0,751
Daralingie 8089-91 2 11.2 77 0.172
TOTAL : 50 _ o _ TOTAL: 4.429
( 18 ) 11 7705-13) 7.0 29
121.60) 7730-46 i
58-64) 8.5 24
7795-98 7.7 35
7831-33 6.5 33
. 7844-7846 5 15
I 7873-76 8 21
7893-96 2.5 3n
7896-7900 4 13.5 60 0.324
7919-26 5.6 5.7
7936-45 6.7 16.9
7945-48 : 3 13.7 58 0.238
7961-65 , 7.5 23
7968-75 7 11,6 48 0.390
. 7986-89 6.7 27 :
©7994-99 9.3 21
I 8088-93 . 5 12.7 52 0.330
Daralingie - 8201-07 6 14.3 54 0.463
' 8207-10 B . 8.0 21
8222-25 3 12.3 47 0.173
8227-30 7.5 18 '

TOTAL : 28 TOTAL: 1.918
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