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THE HYDROLOGY OF THE GIDGEALPA FORMATION OF THE WESTERN AND
CENTRAL COOPER BASIN

ABSTRACT

A study of the chemical aspects of
Permian and Mesozoic formation waters has
enabled the zones of flushing of Permian
sediments by artesian waters to be clearly
delineated. It has been proved that com-
plete flushing has taken .place in the
southern areas of the basin where the ab-
sence of the Triassic caprock allows hyd-
raulic interconnection between the Permian
and artesian aquifers. A limited amount
of flushing in the Upper Permian only has.
occurred in those areas close to the .
Triassic subcrop limits. There appears to
be a possible correlation betweer the
degree of flushing and the type of hydro-
carbon production but the present study is
1nsufflclent to achieve predictability.
The lack of reliable pressure data has pro-
hibited an equally useful potentiometric

_ study from being made to try and explain
.. . the_water movement patterns, and hence
’ possible hydrocarbon accumulations, within
~ the~basin,.

e e INTROI.)UCTiON‘.

The present work is a study of the chemical and'
physical characterlstlcs of Permlan and artes1an waters 1n wells
of the Cooper Basin in order to compile 1soha11ne maps of the
area, to aSsese the influence, if any, of artesian and other
waters on the Permlan waters and to determlne whether any corre—
" lation exists between water propertles and the occurrence of oil

and gas.
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The absence of the Triassic Nappamerrie Formation
(caprock) from the southern Cooper Basin immediately suggests that
flushing of the Permian strata by artesian waters from directly
overlying Jurassic aquifers is very likely to have occurred.
(Fig. 1). Clarification of this question was the main purpose of
this study. | | |

The main area under cohsiderationvis the Cooper Basin,
the Squth Australian part of which lies in the northeast of the
State, and is bounded roughly by the lines of Latitude 26°30'S
to 29°30"S and Longitude 139°E to 141°E, |

REGIONAL SETTING & STRATIGRAPHY

The Cooper Basin is essenfially a Permo~Triassic basin,
although its earliest beginning may date into the late Carboni-
ferous. It is an intra-cratonic bésin, the development of which
was controlled by tectonic movements along major northeast trends.
The basin development and its erositional»cycle were preceeded
by the Kanimblan orogeny and an extensive period of erosion. Thus
the basal sediments rest unconformably on a truncated orogene. The
rocks on which the basal sediments may rest range in age from léte
Precambrian to Devonian,

- The initial phase of deposition in the Cooper Basin was
controlled by widespread glaci&tion in the late Carboniferous-
early Permian, resulfing in the deposition of tillités and thick
diamictites. These grade upwards into a black shale facies Which
is considered, in parts, to be 6f marine origin.’ So far evidence
for the marine charaéter is restricted to the occurrence of one

Fenestella sp. ©Some dirty sandstones and breccias also occur
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within these sections. This interval has been termed the Merri-
~melia Formation (Mertin, 1967).--It is of Lowerrfermian age, but -
its base may possibly extend into the uppermost Carboniferous.

The Merrimelia Formation thins out against the structural
highs, possibly indicating structurel‘growth during deposition. An
unconformity seperates the Merrimelia Formation from the overlying
sequence of sandstone, siltstone and cgal. This'sequenee which has
been termed the Gidgealpa Formation (EKapel, 4966§ Wopfner,;1966;

“ Martin, 1967),_not‘oely provides the reservoir rocks, but is also
regarded as the source of hydrocarbons in the‘Codper Basin. The -
Gidgealpa,Formetiohﬂis'informally.subdivided'into upper, middle and
lower-members_with dn additional sand unit being present at its
base in the.northwestern part of the'basin;“'This %qfter‘sand'unit
contains the oil in Tirrawarra 1 4nd 2 and Fly Lake 1.

It is ‘generally thought that the ancestral Fllnders
Ranges supplled ‘most of - the detrltal materlal for the Gldgealpa
.Formatlon but the presence of gla01al deposits of possibly Per-
nian-age (Coatsy 1962) would appear: to contradict ‘such an assump-
tion. It appears Qore likely that phe source area should-be sought
iﬁ those ‘regions which were affected hy early Carboniferous fold
movements, which no doubt would have led to the fo@é&ﬁidnvdf some
fold mountains. The most likely area therefore, would be. the
region of the Bancannia Tfough and its immediate surroundings Which
were folded by the Tabberabberan (Middle Deﬁonian) and Kanimblan
(early Carboniferous) orbgenies, |

- The -depositional cycle in the Cooper Basin was conclﬁded
by the deposition of dolomitic shales, siltstones and red beds of

Lower Triassic age,  This Lower Triassic unit is referred to as
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the Nappamerrie Formation (Papalia, 1969); it is of great import-
ance in the hydrocarbon accumulations of the Cooper Basin as it
is the capfock. The Nappamerrie Formation is absent from the
southern and southwestern parts of the basin and it is in this
region that possible hydraulié connection exists between the Per-

mian Gidgealpa Formation and the overlying Jurassic aquifers,

- INFORMATION SOURCES & DATE PROCESSING

A1l data used were obtained from wells drilled in the
area and at 15th October, 1971, these totalled approximately 100;
they are reasonably evenly-distributed throughout the basin with a
higher concentration in the Gidgealpa-Moomba area. Informgtidn from
wells in Qqeensland was used to enable a more accurate picture of
subcrops to be drawn up.

Initially the company Well Completion Reports were used
for the results of water analyses, amount and type of fluid reco-
veriés9 pressure data etc. from drill stem tests. Where the infor-
mation was unavailable or incomplete the "Daily Drilling" and
"Technical Reports"™ were referred to.

The value, in p.p.m., of each ion present in any water
was taken from every analysis used and all calculatioﬁs were done
by a computer.
| Most waters were taken from drill stgm‘tests during the
drilling of the wells and the resulting analyses have only been
used when there was a recovery of at least 500 feet of mud-free water.
| There was a lack of data from most of the produqing wells

of the Moomba and Gidgealpa Fields. On the author's request, Delhi

International 0il Corporation arranged to collect 15 water samples
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from some of thelr producing wells in an effort to make a closer
study of the areas possible. Analysis has shown that, with the
exception of artesian water from Moomba 3, all samples collected
during April, 1971 represent, at least in part, condensed water
tapour and not Permian formation water. The samples were all
taken at the wellhead meter run.,

The Government C.D.C. 3500. computer was used to calcu-
late salinities, convert data from p.p.m. to milliequiValeﬁts per
litre and plot trilinear and other diagrams. |

A,cOmputer programme for use in this project was written
by G. Pilkington and it saved many hours of calculations and plot-
- ting. The programme is given in Appendix II.

The computer originally plotted trilinear and other dia-
grams using symbols to denote the hydrocarbon production from each
horizon; the division between wet and dry gas was taken toiﬂO bbl
condensate per mcf but this was later found to be too approximate
and a closer study of sallnltles and production is reported later

in the text

METHODS AND PRESENTATION OF WATER’ANALYSﬁS
”_ Nearly.all the water analyses used in this investiéatlonj
were carried out by AMDEL in Adelaide and a brief summary of the
processes 1nvolved is glven below.
The amount of carbonate present in a water is calculated
as HCO3 Whlle 1t is stlll in solutlon the Water 1s-then evaporated
at 100°C and the salts are dried out by heating to over 1 000°¢C.,

The radlcles are calculated by a number of methods - K, Na by atomlc

absorptlon Cl by tltratlon etc. - and the total sallnlty 1s glven

,’/
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as a summation of all the radicles,
For the past few years it has been international

practice to present the carbonate as HCOB, and not CO,, but

31
. earlier analyses were genérally given in terms of the latter when
003 was calculated with the other salts after evaporation. Care
should always be taken when inspecting analyses with the carbonate
calculated as CO3 and in this study, when necessary, all values
- were converted to HCOB, (HC03=2.055 X 005’ in p.pem.). The values
in milliequivalents/litre of HCO5 and CO5 are always identical.

~ Occasionally the total salts will have been calculated at
180°C and this value Will be greater than that at 1 000°C as some
HEO will still be "locked in" at the lower temperature so care must
be taken in the few cases where this occurs,

The AMDEL water analysis sheets have columns for "parts

per million" and "

milliequivalents per litre"; the latter values
are calculated directly from the p.p.m. and are useful in the study
of water characteristics° The concentration of an ion, in p.p.m.,
divided by its equivalent weight gives the value of millie@uiva—
lents/litre of that ion. The milliequivalents/litre are identical
with "reaction values" given by some %uthors.' The totals of anions
and cations, when expressed in milliequivalents/litre, shoﬁid,equal
each other; if not the analysis may be faulty or the water con- |

taminated.

(1) Water Analysis Patterns

Water analysis patterns were developed by Stiff (1951)
and in these diagrams cations and anions are plotted, in milli-
equivalents/litre, on either side of a zero line; the points are

joined to form a "pattern" which is characteristic of the water's
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relative concentration of ions, and not salinity. It is possible
that two waters of roughly identical salinities can have very
differing "patterns" and vice versa (See Daralingie 1 and Gidgealpa
| 5, Upper Member patterns, Enc 2 & 6). These water patterns not
only give a quick visual effect of relative ionic concentrations
but are helpful in any problem where water analysis is a factor and
can be used to determine the extent of contamination by "foreign"
water in a sample (Stiff, 1951).

(2) Multiple Trilinear Diagrams

For natural waters, where the cations and anions are in
chemical equiiibrium, two triangular diagrsms (one for cations and
the other for anions) can be drawn to show percentages of ibns and
sn5 wster is fsprssenfed Sy a single point on each (Piper, 1944).
These “trilinear diagrams may give gosd indications of waters that
may have evolved frsm‘similsr sources but there is no way of show-
ing salinities accurately, they therefore need to be used in con-
junction.with otﬁer graphical methods.

(3) Percentage Reaction Value/Salinity Graph

One way of attempting to show salinities and percentages
of ions was given by De Sitter (1947) who plotted the percentage of
Na (reaction values) against salinities. This ﬁethod disregards
the relatlve proportions of Ca, Mg and K in the Waters but in the
present study these ions are nearly always negllgable.

(4) Sallnlty/lon Ratio Graphs

Trends in water types can sometimes be emphasised by
plottlng the Ca/Mg ratio, in milliequivalents per lltre, agalnst
concentration (salinity) in p.p.m. and De Sitter (1947) has been

successful in grouping different oilfield brines with this method.
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Other ratios, apart from Ca/Mg, could be useful with waters having
small amounts of Ca and Mg (Chebotarev, 1955),

(5) Chebotarev's "Metamorphism of Water"

Chebotarev (1955) has suggested that waters undergo a
"metamorphism" with age and has classified various kinds of waters
into five groups according to their percentage reacting values of
bicarbonate, sulphate and chloride. Basically, he demonstrated the
relationship of natural waters to the chemical elements in the ;‘
earth's crust of Weathe;ing and the progression from bicarbonate=-

rich to chloride-rich waters with age.

POTENTIOMETRIC SURFACE

The pressure distribution within an aquifer is best fep—
resented by the potentiometric surface of that aquifer. This is
the theoretical surface joining all points to which the formation
water would rise under its own pressure.

Drill stem test results were used to obtain information
on shut-in pressures (formation pressures) which were then con-
verted into potentiometric heights assuming an avérage salinity of
8 500 p.p.m., & formation temperature of 250°F,and a density'of
60,58 lbs/ftE.' Obviously, for a detailed study of a potentiomgtric
surface such averages should not be used but‘it was felt that in
this case, where only a limited amount of information was available,
it was sufficient to demonstrate broad trends. The heights shown
cn the maps are in feet abdve sea level and water will therefore
tend to flq& from higher to.lower areas'in an'effortAto reach?

hydrodynamic equilibrium,
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RESULTS OF THE INVESTIGATIONS

Well Groups

After a preliminary survey of the Permian water patterns
for the whole basin, it became clear that they can be:grouped into
_geographical areas demonstréting‘similar characteristiés. In the
remainder of this text these groups will be referred to frequentlj,
and are as follows (Fig. 2). The characteristic chemical properties‘
of these groups will be diécussed later in this section, part (2).
Southern Area: Cherri 1, Gurra 1, Mulga 41, Kumbarie 1, Weena 1,

Tinga Tingamgo ' siagons

Eastern " : Nappacoongee 1, Roseneath 1, Toolachee 2 .

Central " : ‘Mudlalee 1, Murteree 1, Strzelecki &, Toolachee
1.and 3

Western " Boxwobd 1, Daralingie 1 & 2, Pando 1 & 2,

Pando North 1, Topwee 1, Wancoocha 1.
Northern " :  Gidgealpa wells, Moomba wells, Tindilpie 1,
Spencer 1, Wirrarie 1, T%rrawarra 1& 2,
Marrimelia wells, Dellé 1 & 2 and all remaining
wells. in northern part of the basin.
The artesian waters are roughly uniform throughdﬁ%ufhe
area of the Cooper Basin and do not need dividihg into ge€ographical
groups.

(1) 1Isohaline Maps

It was originally planned to plot one map showing average
salinities for the whole Gidgealpa Formation but, owing to the
marked differences in salinities and other wdter characteristics
between the Upper and Middle-Lower Members, it became necessary to

prepare separate maps for the two stratigraphic intervals (i.e,
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Upper and Middle-Lower Members).

The Upper Gidgealpa isohaline map (Fig. %) demonstrates
salinities increasing with depth towards the centre of the basin.
This increase with depth is known from other basins of all ages in
many parts of the world (White, 1965).

| A very noticeable feature is the gentle gradient between
the 2 000 and 5 000 p.p.m. isohalines and the much steeper one north
of approximately 28°30' into the Gidgealpa-Moomba area. Unfortu-
nately the lack of information from the Moomba gas field and the
northern wells has not allowed any reliable contours to be drawn
over a large part of the basin, but a noticeable "valley" of lower
salinities, running through Moomba to Gidgealpa is evident.

In the Gidgealpa Field the three wells south of the faults,
5, 7 and 9, tie in with their southern neighbours while those in the
fault-bounded area, 3, 6, and 11, haye nuch lower salinities than
any other in that part of the basin.

The one analysis from Tindilpie 1, northwest of the faults,
shows greatly increased salinities, and is the highest“qgg recorded
from the Upper Gidgealpa Member in the Cooper Basin, A‘

The Middle-Lower Gidgealpa salinity map (Fig. 4) shows a
broad "plateau" of salinities between 3 000 and 4 000 p.p.m. cover-
ing the whole of the basin south of 28°30'. From the Murteree-
Paﬁdo area there is a steepening of the gradient with the salinities
increasing very rapidly northwards to the Gidgéalpa field.

In the eastern part of the basin the‘Roseneath 1, Nappa-
coongee 1 and Toolachee 2 wells, which showed slightly higher than
expected salinities in the Upper Gidgealpa, clearly beloﬁg in an

anomalous area of higher salinities for the Middle—waerlMembers
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and there is a "valley" of low salinities through the central and
Della wells,

‘Again the highest salinities are reéorded at Tinailpie 1,
Gidgealpa 5, 7 and 9, and Merrimelia 4. It is unfortunate that.
there gre no analyses from the remaining Gidgealpa wells to verify,
dr othérwise, the pattern found ﬁor.the Upper Member,

The thickﬁesseé of’the Gidgealpa Members were initiélly
plotted.on the isohaline maps but they showed hb trends correlable
with saiinitieso

(2) Water Pattern Diagréms

"Thesé diagrams:can be grouped according to.théir
salinities and pqéitionsrin the basin; when uéed in'conjunctioh
WitﬁAiéohaline maps'they are helpfﬁl'in demonstrating trends in
the fbrmation waters.

The southern wells (Tinga‘Tiﬁgané 1, Gurra 1, Cherri 1,
Kumbarie 1 and Mulga 1, Enc. 1) show only a smalltincréase in
salinity between the Upper and the Middle-Lower Gidgealpa and this
is due to'a‘slight'increase,in all ions, shown by'the-similar
patterns for both horizons. o

It is'interésting'to note that the pattern for Mﬁlga's
Upper Gidgealpa water is nearly identical with that for the artesian:
water from Fortville 3, (Wopfner & Corniéh, 1967) , and that all of
these southern waterg show many»similarities with the artesian.
waters taken from wells throughout the basin.

To the north of 28°30', the western wells, (Enc. 2),
Daralingig 1 and 2, Topwee T, Pando North 1, and Pando 2, have
similar patterné for both the Upper and Middle-Lower Members with

the higher Upper salinities due to increased amounts of Na and Clo
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Spencer 1 and Wirrarie 1 water patterns show more similarities to
those of the Gidgealpa and northwestern area.
The central wells (Enc. 5)‘of Mudlalee 1, Murteree 1,
Strzelecki 1 gnd Toolachee 1 and % are like the two previously
mentioned groups and show little difference between the Upper and
Middle-Lower Members; their salinities are higher than those
further south and this is due to increased amounts of Na, Cl and
HCOB.
The eastern wells (Ene. 4) (Toolachee 2, Nappacoongee 1
and Roseneath 1) are characterised by their striking differences
in pattern betﬁeen the Upper and Middle-Lower Members.. Salinities
are much higher than those in surrounding wells and this is due,
not only to increasea'values of Na and Cl, but most noticeably to
the presence of Ca, Mg and Fe which are not characteristic of
artesian waters, |
The two Della éﬁalyses are hard to fit into any group;
they have been placed in thé northern area (Enc. 5) although the
Della 1 Lower Gidgealpa water probably represents a mixture of the
central and eastern types and the one from Della 2 is unlike any
-other pattern found in the Cooper Basin. |

In the northern area, which includes the,Gidgeélpa and
Moomba gas fields, the Upper Member waters from Gidgealpa 3, 6 and
11, Moomba 4 and Merrimelia % (Enc. 5) have patterns quite similér
to the @artesian and southern ones .and are very low in all ions

except Na and K. Merrimelia's has a small amount of soq, compara-

ble with some artesian waters.
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The remaining water patterns (Enc. 5 & 6) bear no resem-
blance to artesian ones and the high salinities recorded in this
region are the result of large amounts of Na, K, Cl, Ca and Fe
(especially Gidgealpa 5 and 7). It is interesting to notice that,
as elsewhere in the Cboper Basin, the HCO5 values are high and
hardly vary between the Gidgealpa Members,

There is one unusual pattern iﬁ the northern area -
Wirrarie 1 has very high values for%SO4. | |

The artesian waters, (Enc. 7), which are taken from a
number of Jurassic and Cretaceous horizons;-sub-divide into two
patterns which are alike in all respecfs except for the addition of
SO4 in the water from Della 1, Pando 1 and Tirrawarra 2. Théy all
contgin large amounts of HCO5 and clearly belong to the carbonate
waters described by Jack (Jack, 1923 and 1956; Ward, 1946).

(3) Trilinear Diagrams

. These diagrams have not been as helpful in this study as
well hoped initially; this is pfobably because of the limited strat-
igraphic and geographic range of the waters bQing considered but a
few simple trends are noticeable despite the crowding of points on
each diagram.,

The most successful diagram is the Cl/HCOB/SO4 one (Fig,
- 5) which demonstrates the low SO4 content in all waters except
Wirrarie 1 and the change from relatively high HCO5 in the sdﬁthern
to a higher Cl percentage in the northern wells. This diagram
points té the anoﬁélous eastern wells (Roseneath 1, Toolachee 2 ahd
Nappacoongeéﬂﬂ) having anion affinities closer to the Gidgealpa 5,

7 and 9 wells than their neighbours.
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The two cation trilinear diagrams plotted by the computer
are both very crowded towards their Na corners and no eclear patterns
emerge from either (Fig. 6).

From these diagrams it has not been possible to obtain
any correlation between hydrocarbon, production and water character-
istics.

(4) Other Diagrams

Apart from a chart classifying waters according to
Chebotarev's idea (Table 1), all other methods of showing water
properties were unsuitable for this study, whlch is again presuma-
bly due to the fact that all the waters are confined to relatively
small geographlcal and time limits,.

An attempt has been made to classify the waters according
to Chebotarev's (1955) theory of "metamorphism" of subsurface
waters (Table 1). There appears to be a definite progression from
the artesian and some other waters of Group II through Group III
which contains nainly Upper Gidgealpa samples through to Groups IV
and V which include the deeper and older waters of the Gidgealpa -
Moomba and eastern areas. In any one well there is often anx ''age-

ing" from the Upper to Lower Member waters.
IMPLICATIONS OF THE RESULTS

The entire Gidgealpa Formation is a freshwater dep 0sit
and this is an important factor to be remembered when consid ering
the chemical compositions of the formation waters. The 1imi ted
vertical and horizontal extent of certain sand lenses of the Gid-
gealpa Formation will undoubtedly have restricted Wata*movetﬂents

and these points should be kept in mind in any attempis to compare
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results from the Cooper Basin with those from ﬁarine basins else-
where -in the world (Chebotarev, 1955; De Sitter, 1947). It is
probéble that .the main sediment source was to the south of the
basin and that a river system brought material in via Tinga Tingana
and Mulga (Demaison et. al., 1970), |

' The Qpper Member is composed mainly of sands which are
known to be hydraulically interconnected in many wells, where they
generélly produce togethér, -Thié means that there is a free move-
ment of the formation waters above the intra-Gidgealpa disconfor-
mity.. | |

- The water moveménts within the Middié—LoWer Members are
more: restricted, and this is particulafly true for the Middle Mem-
ber where sapnd layers are generally .lenticular inAnature;~

(a) Salinities in Areas of Flushing

. A comparison between the extent of the Triassic and
Permiah subcrops (Fig. 1) would suggest that in the south, where
the Permian strata are in direct contact with the Jurassic aquifers,
artes?an waters may have forced Permian Wéters,,and hydrocarbons,
north-westwards towards the deeper parts of the basin. vIt can be-
demonstrated that this has, in fact, happened in the Cooper Basin,
but at the moment there is no definite évidence.to Suggest where
the Permian-cohnate waters have gone.

The southern group of wells (Enc. 1) cléarly demonstrates
extensive flushing by artesian waters - their salinities are as
‘low, or lower, than those of the Mesozoic waters and generally have
less HCOBAthan the artesian waters (E;lc° 7) but the patterns dis-
played by these wells are unlike the other Permian ones, especially

in their small amounts of Na, K and Cl, This area has obviously
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been invaded. by younger waters.

The western, central and eastern groups (Encs. 2,5,4)
all lie;near to the limit of the Triassic subcrop and have been
affected byﬁfrtesian flushing to varying extents. Younger, less
saline wafer; have manéged to invade the Upper Member further
northwards in the Daralingie-Gidgealpa and Murteree-Strzelecki
areas. This may be due to better permeability of the stréta, which
has also produced free vertical movement of the formation_waters,
and is evidenced by the uniform patterns from Strzelecki 1,
Mudlalee 1, Murteree 1, Toolachee 1 and 3. The central group (Enc.
%) while all disflaying remarkable similarity between Upper Middle
and Lower patterns also show that invasion has occurredlfrom the
south (Toolachee 1 has salinities approximately half those at
Strzelecki 1, and the Upper Member's salinity in Toolachee 3 is
nearly identical with the artesian water at Fortville 3). This
‘group is an excellent example to demonstrate the need to use water
patterns, as well as salinity maps and other diagrams, in studying
water types.

Two eastern wells (Enc. 4) have been flushed, to a limited
extent; in the Upper Gidgealpa only. Toolachee 2 is simila# to
Strzelecki 1, and Nappacoongee 1, which is further from the area of
direct. contact with artesian aquifers, has an artesian type of
pattern with its higher salinity due to larger amounts of_Na, K
and Cl. Both waters are ciassiﬁ}ed in.Chebqﬁarev's Group III and
are clearly differght from the femaining analyses in this area which
belong to Group V.! The anomalous eastern afea on the Middle-Lower
salinity map is due to the inability of the artesian waters to ex-

tend any further than the top of the Gidgealpa Formation at Nappa-
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coongee 1 and Toolachee 1, This fact may be due either to those ~
wells greater diétance from the Triassic liﬁit, lower'pe:meabiiities
of the strata involved or a higher potentiometric éﬁrfac; in this
region., Unfortuhately there is a lack of information which leaves
the question unresolved for the moment.

The western wells (Enc. 2) of Pando 1 and 2 and Pando
North 1 have no Upper Member in them so the Middle Member Waters are
probébly artesian, like the southern ones, and it seems likely that
the Group III and IV Watefs at Topwee 1 and Daralingie 1 and 2 have
been partly flushed although there is too little'evidencé apart from
_tﬁe Upper.Gidgealpa "valley" to support this.

In the northern area (Egc; 5) i% is almost certain that
the.low'salinity values at Gidgealpé 3, 6, 11 and Merrimeiia 3 are
due to the presence of Mesozoic_waters,becauée-of the pattern simi-
larities. It seems very likely that artesian waters, from the Hutton
Formation, ﬁay have entered fhe'Upper Member either from the western
sidé of the major fault, along the fault zone, or from the south
where the southern Gidgealpa fault brings the Hutton either into
contact with or close to the Permian on the northern side. Fig. 7
shows the relationships between these faulted formations. These
water ahalyses are festricted.to the Upper‘Member so it is impossi-
ble to learn the extent of artesian flushing in the fault-bounded
area. | A

The large amounts of Ca and Fe in Gidgealpa 5, 7 and 9
(Enc. 6) precludes ahything but the slightest flushing of the Upper
Gidgealpa Member extending down to the‘Mgddle Member in Gidgealpa 9.
It is probab;e that small quéntities of youﬁger waters entered, :as

/
above, either from the west, from the flushed f@ﬁlt—bounded Permian

7
/
K

y

s
h
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to the north, or by direct movemeﬁt along the faults. The low
salinity aéea extending through the Daralingie gashfield in the
Upper Gidgealpa may exist because of artesian flushing both from
the Gidgealpa fault region and from the south where the Triassic is
absent, but the former cause is likely to be the dominant one at

Gidgealpa as evidenced by the greater invasion at No. 9.

(b) Salinities in Areas of Non-Flushing

The reméining analyses for this whole northern area
(Encs. 5, 6) show large increases of Na, K and Cl and variable gﬁgv
amounté of Ca, Mg and Fe. These querS/afé likely to be as near to
the Permian connate ones as any found in the Cboper Basin and their
characteristics require explanations other than artesian flushing.

'The high salinities of these brines can be explained
by compaction and burial of the overlying sediménts (de Sitter,
1947), although they are rélatively low compared with ménﬁ oilfield
brines (Chebotarev, 1955; White, 1965), and it is the proportions
rather than the absolute values of the ions which are important in
determine the possible origin of the waters produced. |

No study of formation waters is straightforward and many
factors, including the less obvious ones like permeability, textures,
structure, fractures etc., will all play important roles in de¥elop-
ing the waters particularly in the lérgé timespans involved with deep
brines.

One noticeable feature of the northern wells, (Encs. 5,
6) in both flushed and unflushed horizons, is the nearly constaft
amount of HCO5 at all levels. This suggests that a relafiVely large
amount of HCO3 was present infphe waters during or soon after depoah
sition, which may have been due to carbonaceous material in the fresh-

water sediments réleasing 002 (CO2 + OH —9lHCOB). HCO5 is éertainly
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not a predominant ion in most marine "connate"lwaters.

The very low, or non-existant,. amount of SO4 present in
all analyses (except Wirrarie 1) may also be associated with the
production: of large amounts of CO2 (and consequently HCOE). The
reduction of SO4 to sulphides by bacteria or plgnt material is known.
to produce CO3 and this factor could be significant in the Cooper
Basin which is nearly sulphur-free (Levorsen, 1967). |

Wirrarie 1 is unusual in being the only Chloride-
Sulphate water recorded so far in the Coopér BéSin and its associéted
small'amount of_HCO3 possibly confirms the relationship between these
two -ions. With the present.limited amount of data'it is not possible -
to speculate on the reason for the unusual pattern obtained from
Wirrarie 1, a non-producer.

The high proportions of Na, X and Cl in the brines have
been concentrated, and not subsequently flushed, by the normal com-
paction and burial of overlying sediments (de Sitter, 1947 etc.).
Na, once absorbed in formation waters,.is not easily precipitated
out again and Cl is a 'subdued'- element that plays little part in
later reduction/oxidation cycles. K, while being more abundant than
Na in sediments, is not easily dissoived into aﬁd transported by
water and is therefore a very minor cdnstituent~of any brines.

| The relationship between Ca and Mg éan Spﬁetimes be an
important one and in this northern area the amount of Mg is always

small (less than 5 meq/l) and Ca generally not much greater, except
at Gidgealpa 5 and 7lwhich could be the result of selective preci-
pitation of dolomite in this part of the basin.

The results of chemical studies of Cooper Basin connate

waters indicate that they are in general much less saline than many
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0ilfield brines, and have more HCOB, probably:because of their
original freshwater origin, but otherwise are much as éxpected for
waters of similar age and depths of burial and show small varia-
tions of minor constituents which would be expected from freshwater
sediments with restricted lateral and vertical limits.,

Zanier and Pert (1971) have shown that gas accu@ulations
may be expected in more saline areas, i.e. unflushed regioné, but,
in the Cooper Basin, whereas gas discoveries have been from forma-
tions with water salinities over 5 000 p.p.m., these discoveries are
not restricted to unflushed horizons. Zanier and Pert demonstrated
the influence of water movements in altering the original hydro-
carbon distribution, and from their WOrk it would seem probable thét
future discoveries are more likely to be from higher salinity areas

or ones with original high salinities that may have been partially

flushed later.

In the Gidgealpa field there appears to be a definite
correlation between the amount of condensate produced with the gas
and the salinity of the associated Permian formation water. (Table
II)s From the figures available, it is quite clear that the flushed
horizons produce much less cbndensate (up to 6.3 bbl/mcf) compsred
with the unflushed levels, Which.produce about 8 to 10 times a8
much condensate per mcf. This is due to mbst of the heévier hydro-
carbons having been flushed out and when more statistics become
avqilable it seems likely that it will be possible to predict future
areas of dry (and wet) gas production. Oil production is almost
certain to be restricted to the unflushed areas of the north and

northwest Cooper Basin,
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TABLE II

The Eelationship betweén Formation Salinities and

Hydrocarbon Production in the Gidgealpa Field.

Salinity

Telleme  pTofieln  (oemeste  Satimity  fetloip-pems
Gidgealpa 3 middle 4,3 7 ?
LR upper 2.0 c. 6 000 * c. 3 000
"5 niddle 53.0 U 594 275
©7 wper 63 9760 a9
" '7 middle 3540 12 502 358
" 9 upper 3.9 ce 7 5oq! * ce 1923
" 11 upper 5 591 * 1 739

3.1

* denotesﬁa flushed horizon.
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(¢) Hydrodynamics

No study of underground waters should be confined entirely
to the chemistry of the waters and their.surrounding rocks and for
many years several writers have been aware of‘the gfeat importance
of hydrodynamics in studying petroleum movemehﬁs and accumulations.
(Chebotarev, 1955; Huﬁbert, 195%; Levorsen, 1967; Back and Hahsgaw,
1965 etc.)o

Much work has been done on osmosis through semi-permeable
membranes and it is possible that small local variations in salini-
ties and pressure may be due to this effect but on the whole if is
unlikely that any major trends can be related to such phenomena
after the length of timelinvolved since Permian deposition (White,
1965; Levorsen, 1967; Hem, 1970 etc.). Likewise, the Mills and
Wells' (1919) theory of water evaporation coincident with gas es-
cape could only account for iocal variations in sand lenses entirely
eﬁclosed by impermeable strata and is therefofe-not considered a
significant factor in the Cooper Basin.

Increases in teﬁperature are known to decrease the vié—
cosity of water and increase its solvent action on salts (except
for NaCl which is altered very little with increasing temperature).
In the Cooper Basin it has been possible to demonstrate a northerly
increase in bottom hole temperatures; (Fig. 8); these are all values
taken from logs and drill stem tests and therefore fepresent the
trend and not the stabilised formation temperatures which could be
as much as 100°F higher in some areas. It is possiblé that the
increased salinities in the wells of the northern area could be
partly due to these higher temperatures and that water movements

have been effected by flows away from the warmer areas.
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Landes (1967) reported the effects of increased tempera-
tures on hydrocarbon accumulations; he stated that the complete
breakdown of oil occurs at 250°F and at temperatures greater'than
that the.gases will become increasingly drier. ' In the Cooper Basin
it seems unlikely that the varying condensate ratios are in any way
related to the temperatures, because most bottom hole temperatures
are greater than the critical temperatures. However, it is worth .
realising that substantial oil accumulations will only be found in
areas with formation temperatures that have been less than 250°F
since the formation of oil, providing other conditions are also
suitable,

Pressure studies are more important than temperature ones
in understanding the movements of waters, both within and between
aqulfers, and it is unfortunate that the present study has had to be
restricted nearly entirely to the chemical characteristics of the
brines. With the very small number of reliable determinations of
the potentiometric surface in the Cooper Basin'(Figs. 9, 10) it is
not at all possible to make any assumptions on the directions of
water movements within the Permian and Mesozoic strata. At this
stage the Upper Gidgealpa Member's surface appears to be very undu-
lating,'possitly due to the considerable invasion of foreign water,
while that for the Middle-Lower Member demonstrates a general
dlrectlon of flow away from the northern Wells. This flow direction,
which is down-dip in relation to the whole basin could be encourifig
in terms of stratlgraphlc traps along the northern ba31n margln. A
very ‘unreliable picture has been obtained for the arte51an surface,
but, from the small amount of data avallable, it would seem to con~"

/

firm Jack's theory (1925) of flow from the northeast and potentlo-
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metric heights are in general agreement with his of‘50 years ago
(Nugent, 1969). |

A1l hydrocarbon migrations are closely associated with
movements of formation waters towards lower pressure areas; they
will occur perpendicularly to the'potentiqmetric contours and to-
wards the lower values., Although formation waters can move in
different directions at different times during compactionAand-
stfuctural change, a knowledge of present water moveméntﬁ’%ithin
.the reservoir rocks must undoubtedly assist in the delineation of
possible hydrocarbon accumulations. Similarly, in areas where the.
hydrodynamic gradients are found to be great enough to cause exten-
sive flushing and the possible removal of hydrocarbons, any fuither
- exploration efforts -could be excluded or at least proceed with the
knowledge of the high failure risks involved. It was hoped_tQﬁShown
some correlation between salinities, pressure gradients and temper-
atures throughout the basin, but clearly the lack of reliable'datg
on pressures and temperatures has prevented -this and any pré&ictions

on further discoveries,
CONCLUSIONS

This survey cénclusively demonstrates flushing by
artesian waters of the entire Gidgealpa Formation in the southern
part of the Cooper Basin and, to a lesser exteﬁt,jndrthwards into
the centre of the basin. This is the direct result of the absence
of the Triassic aquiclude from the southern area. The chemical
studies and associated diagrams haﬁé proved invaluable inishowing
this quickly and convincingly, but it is unfprtunate that, whereas
many drilllstem tests have frequently provided good samples of

water, the same tests have generally failed to produce reliable
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pressure data. The present work shows that gas discoveries have
been made in both flushed aﬁd unflushed horizons thereby demon-
strating the role played by moving waters in accumulating some gas
fields. It is therefore hoped that this small study of the chem-
istry and physics of the Cooper Basin formation waters may convince
future operators in the area to sample carefully all waters, pressure
and temperaturesvencountefed during drilling.in order that in years
to come they will have some.information to guide them relatively
easily to the'less.obvious hydrocarbon aécumuiations that will un-
doubtedly have to be sought after the present targets have been ex-
hausted. | ' | |
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The'following‘Well completion_reports are available .on.

"Opeh File" at the Department of Mines; all other data used are

confidential. o : |
: Delhi‘Santoé Daralingie No. 1 DM. Env.. No. 837
Ce oM 2 DM.C" " 900"
noorom | ~ Dullingari NQ. 1 - DM. " .o 258
.n " . Gidgéalpa "o DM. " "™ 363
~"j; " L " -2 ~ DM.. " "o 367
" " | Innamincka " 1 DM.. " " 46
" L e o pm v v 520
L W. .. Kalladeina " __1l DM, lﬁA o 815;
ww Merrifielia ™ . 17 SDUZTM v 47
o - DU. " " 496
o S e 3 DM. " " 508
T I,
" LA Naryileo " 1 DM. " " 297
v L Orientos " 1 DM.. " " 284
"o " :Pandieburra" 1 bM. " " 312
o " | ~ Putamurdie " 1 DM. " " 322
" " : Spencer " 1 pM. " 558
" " ' Tinga Tingana "1 | bM. " " 889
Flindérs | Coongie " 1 . DM. noon  1388
F.P.C. (&) (Total) Poonarunna " 1 - DM. " " 451
" "o Roseneath " 1 oM. " " 12908
" " Tickalara " 1 M, " 1297
Pexa Cherri " 1 Dm., " " 1340

" .  Kumbarie " 1 M, " " 1301
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APPENDIX T

Since the writing of this report, water analyses from
five recent wells have become available and a summary of the resuits
ig presénted here. The Stiff water patterns‘for all the additidnal
results are shown in Enclosure No; 8. | -. |

At this stage the detailed strafigraphy of the Gidgealpa
Formation is not known for the Lake Hope 1 and Toolachee 5 Qellsv
but a tentétive age has been aésiéned tb thé:horiZOns that produced‘
water, | | |

' The two artesian waters aféUSimilaf.to'thoéewkndﬁn pre-

viously and it is interesting to note that again the water from the
Della field has an aboVevavérage‘salinity. |

The Upper Member analyses from Della 3 have salinities as
expected and fit in well with the isohaline contours around thg{
Della gas field (Fig. 3). Like the other Della wells, this one
clearly belongs to the northern group of Wéils and&égéin_shows |
unusual patterns not found elsewhere in the Cooper Basin., |

The Upper Gidgeélpa at Tilpéreé A-1 has clearly been en-
tirely flushed and; without seeing an analysis for the Middle-Lower
Member, it is impossible to place it in either»the‘southern_or
central group although it would probably show characteristics simi-
lar to those of Toolachéé~3 and'therefofe beldng to the latter group.

: The analysis from Toolachee 4, Middle Member, fits in with

the contours for the Middle-Lower Salinity Map (Fig. 4) and, judging
by the unflushed nature of this Middle Member water, it possibly

correlates with the eastern group.
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Lake Hope 1 was drilled- about ,20 kilometres from the
nearest well (Spencer 1) and is therefore in an unknown hydrologlcal
province and to the west of the main Gidgealpa Fault. The Upper
Member is entirely flushed, as would be expected with a well near
to the Triassic limit (Fig. 3); the other two analyses, presumably
from the Middle-Lower Members, show similarities with the Middle and
Lower analyses from Gidgealpa Q8 and appear to be unflushed..

All of the above water analyses can be gi#en approgfiate
classifications according to Chebotarev (1955) and these correlate
with those alréady shown in Table I. The additibnalvanalyses are
as follows:- _

.Lakéii:Hope'No° 1 ?Upper Member - Group II
Lake Hope No. 1  ?Middle Member . Group IV

Lake Hope No. 1 ?Lower Member Group IV
Della ° No. 3 Upper Member ‘Group V
Toolachee No. 4 Middle Member Group V
Tilparee A-1 Upper Member Group II
Della No. 3 Artesian Group III

Toolachee No. 5 Artesian Gfoup II
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APPENDIX II

The Computer Programme used for all calculations in the Study.

FORTHAN (3.2)/MASTER

14

PROGRAM SALINITY
HIMFNSTHN NAMF(/U) ; : ' ‘
COMMQN SIUQF(“]Q:‘1)quH(]\H).[[.7(1!”.&),[(C(1(]),L“Lflﬂp
REAL NAsKaMGyNAMoria e Muie N3 o 10 4y4
CCHARACTER ATk
THTEGER QL GHCP oD
HD B Jd=le? n3
. no 8 I=1e¢51
3 srnP&(IoJ)-IH
NHDE4H e 6 0 0
DD 9 T=2415402
9 GTORE (26 1) =DHD
NO 10 I=12587
STORF(TeS1)=STORE(T+26422) =01D
1y STORF(Te153)=DHD
.D\) 11 J= 394794
T=lb=J/2 $ST0WF(1-l)-STUH&(quolnp)-;Hn
11 STORE(T+244J+51)=0HD
LL=1 Bnl=4n
PRINT 100 ‘ : .
G OFNRMAT(IHL 940X 02644 e Ay UFPARTMENT OF MTNFS /Z30Xe49HANALYSIS OF PET
sROLEUM WATER SAMPLY SALTHTTY OATA /762X 19nGPILKINGTON (1971) /)
20 READ 53 9NAME : :

50 FORMAT (2NA4)

CALL EOFCK(604J) o A .
GO TO(1e2)J ' :
2 PRINT 71 (NAME (T)sT=1918) 4LL
Tl FORMAT(1IHL o9X1RAG 25X 2RWELL MUMPDER T347d OF SET )
NTI=NAMF (19) $NT2=NAME (£0) '
QEAD SCeNAME
CalLL CHECK(NAME (19) anNAME(20) oNT1aNTZ)
TFANAME (14) oEwal ) 2093
PRINT 9le (NAME(T) s T=1sla) sl L
FORMAT (10X 18A420K12FWELL MIMRFEE 13474 OF StT )
READ S0 ¢NAME '
CALL CHFCK (NAME (19) oNAME (29) T oNT2)
TFINAME (19) oEQersl ) 2795
PRINT 519 (NAME(I)s1=1918) 411
READ 92 9HCP(LL)Y gHC oA GKICAIMG 4 FF o Cl o HC 4S04 9CUAINOZaMAME (19) HAME
+(20) :
52 FORMAT (AL eAB e XaSF 50X abF5,47XK4204)
CALL CHECK(NAME (19) oNAME (20) o NT 1 o8TPY
TTFINAME (19) sEUQeHL )20 06
A PRINT S534yHCP(LL) o~C
53 FORMAT (/20X 33HRYDROCARBONM PROGNUCTTON LTSTEY AS Al eaH//]1nX 7uhAT[
+ONSel X ehAHTIN PPee L OXg LTotIN MTLL T=-FG/LT TR sl AgAHANMIONS Y OX96HIN P
+Pye 10Xy I THIN MILLT - tQ/LlTHF/]an?(]H-)olHAvO(IU-)yl”X 17 {1H=) 20X
4B 1H=) s LOX9G (Jh=) a1 0XodT (LH=) /)
PMAMESNANG L0634 SCLW=Cl#0e 02037 Fxm=ri#(,N206 pHCUIMzHCUIRN 164
TCaM=CAR0 14599 $304m=SO4%0, 02700 FMIM=MGan, 0821507 3=C03 2N, 0333
FEUM=FE®04035 $M03M=N03*0,)1 040
CEPRINT S49NASNAMI(Cl sClLHM
PRINT SE oK ¢ KMgMCO 4onCHIM
PRINT S5A«CAsCANMISLIGeSO4M™

R
—

Ut




FORTHAN (3,2)/MASTER -

L

PRINT S?ovaMbMaLO?,C03M 

PRINT SHeFEeFEMaNQ39aND3IM

FORMAT (/88X LOHSODTUM MAolux.qul»xsf1H.As19K913nrHLORINf

+tF5412XsF1044)

B5 FORMAT (/95X 13HPOTASSTUM

56

87 pouwArc/HA.Lquu(\F%IUM |

5%

59 FORMAT (/5Ae125 (1H=) /10XsSHTOTAL « 12X eFhe12KsF 1Ueby22Xe5HTOTALY 14X,

el

67

63

30

31

32

- 33
E 34
-0 35
L
c 37

by

+3910XsF5012X9F10,4)
FORNAT(/7K911HCALCIUM
FF501289F10,4).

+10XeFH 1 2A9F1504)

FORMAT (/10X e 8HTROWN FF,l)x FQe 12X eF 1 UauaP A l2HMITRATE

+512X9F 1044)

CALOXeFSe12X9F10464919K9 13HSULPHATE

33

Kle,FSq]2xeF1n.4’16x916HHICARROMATE

AL1OX

50610X

Mﬁlgx.FR.1zk,vlﬂ.4s1&&,14HCARHONAT& COQ3,

PPMCENA+K+CA+MGHFE $PPMLM HAM+WM+CAM+NuA+Ph
PRMA= CLAHCO3+S04+CO3+N03 FPPYAM=CLMeHCOIMSCAMenNIMEINOIM
PRINT 59 9PPMCyPPMCMsPPMA s PPMAM

tFae124A0F10,4)

. GTP=PPMC+PPMA $0TM= PPUCM4PPHAL
TUUUPRINT 60eGTPeGTM
B FORMAT (/20X 9 20HPFM GRAND

AMKSNAM+KA SCAN=CAM MG

PRINT 61 eAMKCAN
FORMAT (//IQXQ Gri (i +K)
+ Fl0e4)

-

NOILOX4FB

TOTAL = SALINTTY = F6/a%s28HMILLT=E9/LITH

+F GRAND TUTAL =11AsF10,4)

10,4y 16H MILLT~EU/LITRE 79Xy 10H (CA+MG)

Catl THI(].AMK?LAHqMGMOIOJ!ﬂ):

CPRINT 625144

FORMAT (/10K 933HPOSTITON UF (niasK) aCAING AATLY
,CALL [RTI(Z CANofAM,KMoI¢194).

PRINT 63¢led

[301Hs13)

FQ{MAT(/loxaaiHFUQTTIUN OF (CaeMG) afidatl RPATIO = T3e]lHeI3d)

CCALL TRI(3eCLM9HCO3M9SO4Me T Jo )

BRINT 6b4elod

CIF(MGeEQe0.) 36031
Z(LL’I)-IL‘(\Q'
[F(S04,E4.0e), 32933
7LLe2)=2(LLe3)=10
IF(HCOB-EN.OQ) 3493"’
Z(LL?‘#):IUG-
IF(K.EQOOO) 369(57
7(LL9)I=100.
CONTINUE -

30 T0 .29
Li.=Lb=1

FORMAT (/10X 9 33HPOSTTTON OF CLeC0aeSus  #ATL0 = 1391Hs13)
CZ(LL 1Y SCAMZMGM $Z(LLe2)SCLU/SNAM SZLLL 3 ERCO3M/504M
7 (LLe4) =CLM/HCO3M F7(LLe5)=NAM/KM %7 (I LeA) =01 gL =L+

caLL TRI(1a¥avaYaTedol)

Call TRI(Z29YoYeYeTedyl)
CALL - TRI(3eYsYsYalodel)

T CALL PLGT

CALL COMPARE . .
STOP '
END

‘ “ ”;“ ‘ . ~ ‘ N v E .‘
FORTRAN NIAGNOSTTC RESULTS FoR SALTALTY




L 34
TRAN g 3,21 /MASTER 7"" 11/
__‘,URROUTU\‘P' CHFCK(N]vNZ;NTloHT?)
Tf'(!\dl. v[".NTl)l’C
2 TE(N2.NE.NT2) 193

3 RETURN
i ,PQ[NT 1J!Nl"\'PQNT] QNT?

f"lg‘FnRMAT(/bx,37HFpRuR I DATASTIFS ARE NOT EQUAl V17 2AB95H AND 2A4/
L 42X 12HUATA IGNORED /)
N1z4H : .
CRETHRN _ o o
Ea . ‘ P TR I
—PGRTRAN DIAGNOSITC RESULTS FAaR CHE CK
S
® pall5 - C o tog0n  ©o n0ang
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FORTRAN (342) /MASTER

Y
TP

r )

'21
211

QRROUT IHE THT(NqﬁoﬁyLolyjsM)

COMMON STORE (51420 13) ¢ HCP (100) ol Le 7 ( 100so)sLOC(1qn).coL(1on)
ATHENSTON £ (4)

CHARACTER CPWSTORE ¢REIE

INTEGER Degl 9 HCP

RF=1H $E (1) =) $E(2)=1H7
6o TO(ly?) M+1
“J=1

nar AtieC FAAZ W/ ARC $CASC/ARC ®lsanzan®io.+rle bai=an=1 H1=T+AR+AR
CO”L(495991HCP) HCP (1.L) ' '

FnHNA1(ax AL)

J=AR=J+CA%100. $AB=AR=) T J+AREAR pro=THCP

Yr(J.UI I¢#1=1) 6Aienl

d=d=1 o

60 TO(Sy5e4) N

J=102 +« J

3 TO (GeTeb)N

=51~ § J=103=J

1€ (STORE (Ted) oFue RE ) 9415

,'IC(STWWt\I.J).Pu FL1)Y YaH

Yr(gr\n"f'(19J)c(\\)c (f))) ‘9’]1
TF(CP . F(ly)y 1nel?d
TE(CPeEGLEL2)) Lhed
STORE{Tsd)=CP o
RETURN
PRINT 29 o
F\RMAl(l*laaﬂxo?ﬁuPLOT OF & TeTANGLE U TAGRAY /71389 3THYERTICAL SCA
sLF = ¢ PERCENT PEZ LINES /o inaee9HaDR1708TAL S5CALE = 1 PERCENT PER
oPRINT POSITION,. /) :
G0 TO (2142292300
PRINT 211
FDRNAT(AD qu(NA+n))
) T0 24
PRINT 221
ORMAY(bﬂkalH(Cnéhh))
;O T0O 24
PRINT 231
FORMAT (65K 9 2HCL)
K=51 $N=1H# $L=1M
PRINT 25 .
FORMAT (/65K 1H¥)
G TO(P6s2Te2R) N ,
T=1 »Jl=1l02 wJH=1-2 0 TO 20
1=61 $JI=1 $Jii=l #¢0 TO 29
1=%1 $J1=103 Fdp=led
BRINT 3 (BLobl=l k) oDy (STORE (Ted) e zdT ety o
FORMAT (13X9L05A1)
GO TO(31e32431) N
T=T=1 %GO T0O 33 .
T=T+1 $dl=JdI=2 FREzKk=1 $0C TO 34
g dMeZ BK= Ke)
TF (TeEdaN)3D92Y
TF(T.F0,52) 35429
PRINT 36 '



eAN <1 2)/»A>TFR

3y Ff)wNAT(Hx 10%(1»«»*)/)
i) T(J(?Iy%ruj‘i)u :

7 pRINT 371 LT "'~ffif,¢f

2% FORMAT(IPX92HLA-1”?X9£HMV)‘J«ff
RF TURM \ ;
38 PRINT 341

] FOHMATtl?A,ZH K.1 3x.:uwu)\***ﬁl»l

RETURN R
j9 PRINT 391, ‘Sf‘”“”‘ '
7] FOQMAT(Il*o4HHLU39]'1X9JH§O+)
RETURN - R L
CEND ;rif{

FORTRAM nIAeNoerrc Rraqus pqu‘

Cp e enonn
LAy
"
; ,
i
.
¥
(I.
R T o -

CTaT

s

11/18:



'TFJH

s

St
¥, .“;’:_!

(3'2)/MA§TEQQ

';]jfrusRourlwr GORT (M) L T o o
CTlpnMhON STORE (51425 %).Hrv(l)O).[L.7(100 6)9L0C(1nﬂ)9COL(100)
CCHARACTER- STORE o y . ,

CTINTEGER HOP
D10 TslelUs o
COL ()22 U gmt) - ol i e

Lot (Idal 0 0 T o e o ‘ .
*qu‘LL‘l“““*‘*a I : C S

™T=1-

D02 TRl TM e e

ka(COl(I+]).uE CUL(T)) 2,3 2 ' ‘ Co
CTEMP=COL(T+))L%L= LOC(T+1)- $C01(Tvl)—c0L(T) BLOC(T+1)=L0C(1)
L OL(I)-TmeﬁsLOC(!)-L $INT i ‘ - .

. A.‘,.W(OMTIN[ j., ) e
LR CINT, Eail) aes
CLINSINT=1 $60 1u 1;ﬁ;f”““m‘
PETURN - AL ,

FHRT«Aq nIA uusTIL RFaqus »qp o soRT

Mﬂnw ﬂﬁ§616Z1T3Caw!1b136}ﬂ*n+¢7ndo60F

. e '
:
"
i
¥
T
- i
i
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o
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- wo 58
JAN (R,2)/MASTER - E ‘ 11719,

‘ r%UHROUTINr PLOT ‘ '
CoMMON «Tuur(kloz %),HCV(IOQ .IL 7(1“0;6)9LUC(10W)~LOL(lﬁ”)
S CHARACTER STORE
NTMENSTUN x(é)vC(IRﬁ)qLuCC(lo WA L)
TATEGEHR AsCeHCR 0 ' L
caLL SORT(e). LT
x(ey=CoLLLYy s T
nD 5 L=lsh i ST e
_ X(L)'" TeLy ,f ST
00 5. I=2sll '
IR (X (L) oL T Z(IsL))mo%
CH X =2(Tel)
COonTINUE : . o
Col=mM=l $lou= GU=YX=0M=G0,  ST0H=250
LoD A3 K=1el18
33 o(K)=1H ‘
.09 32 K=lablL ,
23 1F (COL(K)+GTeCM) 3931 .
3¢ CMsSCMeGU | MMl §G0 TO 29
31 coL(nt=r, ‘ o

Y

32 CONTInUE - | o o
KINITAL= IrIX(LuL(())/q L FRIMTT=G8KTRITAL ]
S0 G) TO(T7e3090litallilL - :
7 a(l)=aH Ca/  BA(2)=4HMG - b T0 12
‘b AL E4R CL/o BALZ2)=4HS04 560 T0 lz
3 A (1) =4HRCO 3 FA2) =aH/SU4  BG0 TH 12
1) 4(1)=4H CL/ " hAlS)= aHMCcUl %60 .70 12
11 A(l)=4H Hi/ '%A\'):%HK
I PRINT 3¢AsYX
3 FWHNAT(1H1020XOanPLO1 UF SALIWTITIES acATAST Toy RaTIO
4% g 2A4s/29 10 (1H=) 49X 49 (1H=) _
+ /7 TXe29RSALINTTY SCALE = 0Oub LTHE TO FBelodti PPM /)
_ AK=K=1 $MMzKINTTAL#IGS ‘
93 TFAX U #AKLGTW L) 12 .
| AK=AK#*G.5 §K=3 0
TR (X (L) #AKGLF 11) 2024199
99»AK AR#D 2 pK=1 $60 10 194
7 TF(X(LY#AR LT o5 5)~2009202.
G AKSAK*AK bkE2 o
CL TR (L) ARG LT, 2. 2) 2019202
31 AK=AK®S, - $K=1 360 -TO 2.
52 AK=1o/AK
PRINT 159K N | |
1) FORMAY(IOA-ARHRATIO SCALF = ORFE TNCH T2 A& RATIO CHANGE OF Fle3/38X
S eaSIH=Y /) i - :
GO TO (20392049200) K
53 PRINT 16eMM -
16 F()RMAT([QK‘»].H),(JXMH]t‘-))\oli)qQV91“34"4)\ol*44v‘9/\!lHH,QKHH6 9leH7a9X
. 49 1HBY gxolNQQQKvBH‘H/l4X'11(\H,,JX)/l%x T“’lhoolli(l”*))
TGO TO 20% .
G PRINT . 17e8M
17 FORNAT(]9X91H191Q QlHlngx’]HjQIQYQI|jn1JAQlﬁQ.lQY.lHQ/iQX.I](IH.{
s *gx)/l3XnT’)’lH.’lll(;h&))
6O To 295 o




| 39
FORTHAN (3,2} /MASTER

256 PRINT 18 (KoK=2e392) e (KARER 984 23) oo :
”.JF FORMAT (1943240 a4l TXe2M0 0T )9 The3Hloieb( TXeDHLIa011) TXe3H2 .0/
. +13%a11 ¢! *OQGX)/IQ"lH,'lHO’lII (Y H#) )
20 M=l . :
" N0 BG KSKIATT - y3dn G
S DD 2345 KKK=2291G2he0
L 8345 C(KKK)=1H,
o JL=0 : :
Coo60 T0(459401419Qc0450449“404594094704N‘ K= (K/6G)y#60~KINTT
TR0 C () =15 »G0. To 4R '
Leal Cl)=1Ha G0 T0 44
C42 (1) =IHL G607 TO 45
43 o1 =lAT 350 TO 4%
.’;“'44‘ COV)=1RN 60 TO 4r
S5 c(1)=IHT S 60 T0 el
T 46 o (1) =iHY £50 TQ . au
! C¢l)=1H .
4R TE((K/S )95 JEQJn) 49050 _
.‘*‘? MuzMM+ 169 fC(2) =1, SMMMEM ‘R«j};/f)' To &1
sz{5J‘ (A)Y=1H $mmm=n - ) . ‘
51 TF(COL (M) aFdei) 52953 .
BT E IR HIENE /(ToL)“ﬁ./Aﬂ SIL=JL
: IF{JeGTL.110)3%436
S35 (114 =LHY BLOCC UL =1L %60 TA 37
36 ocC L) =y $C(I#3)=HCP (1) -
- 3T MzmMe}
S IF(MLGT. LL)51.RI
I OTF (MM .0 THe 71
SPAINT 72e(C 1) 0lsiellg)
EFONMAT(10AsALeTAsAL o r®ol1241)
60 TO 5% .
CPRTINT G4eC{1) MMM (C(T) 9 1= =29114)
FORMAT(1UKgu]e ?K-TQOA]olﬂﬁnlliﬁl)
DO 56 I=lsJL.
J LOCC(T) -
(Je3) =14

4 IF(M.GT.LL)bloﬁU
’3{_‘&1 (“NTINLF o
61 PRINT 64 o
6 QHMAT(|41950X717“PL0TTtD DATA LISy /1}(.]7(1H—))
coo . M=Me] %K1=z

N3 PRINT A o
02 FORMAT (/10Xs dHUELL NOovLloKe sinSALTnT 171 0AsHRKATTIU 10Xy ] 1 HHYNROC A
CUHRAON /11X e aHOF SETyl3Xo HPH“ov'QA'”““*“*" /)

CD0 66 K=Kl
U4, < KLOCSLOC(K) T |
. 66 PRINT b?-&!0L-7(K10C-6)'£(KL0F9 )-Hf*‘“tﬂf’

57 ')HUAT(IP)(!I?’]QX”'“’ 1nX9FH 79]{)X9A1

O IF{(MJEQ. Ll) %19h8

L 66 PRINT 69 . o ‘
.‘b_xy FORMAT(///30Xe)YHn me()TTE_u m\m LTST /736K 15 ¢ 1~1-))
E Kl=pel EM=LL 560 -TO A3
i ,51 l“”L*l- 5
L TF (L e GE W 6) qu.IOQ“‘*
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CFORTHRAN (3,2) /MASTER

CSURROUT LN COMPARY :

A STIRE (BT 3Y ¢uPP G0 0t LaZ(}iiah)

CHARACTER STOE :

DTHERSTON SGEAN (4) S0 (4) 030M (4 ) ¢S (3) w580 (4) eni ()

RPEALL MEAN B S

INTEGER HCP

NO 1 L=le4

TosadM(l ) =SSt (L,

Al )Y=tHw R (2

"N 20 L=1lslL
‘ NO 19 K=1e5 :
D TFRIHCP( L) JFQN(KY) 2419

" S 149 cONTIRUE -
T TFA{KeERGB) T3eR - . g
' C9 SUMIRIESURIK) $Z( 1 ak) *5(K) LY et e BESHMIR)IESSUM(K) #2 (1L o6V 2 (Le8)
e0 TO 24
3 §(B)Y=5(3)+]
Y

‘ 20 CHONTINUE -

el DO 15 L=l+4

e TFIS{L) eEtiatiadd s

Ao MEAN(L) =0 950 TO 7.

S MEAN (L) =SuM (L)Y /3 (L)

S h TS L) WL T 2) T

ST ey (L) =h. 50 TO 18 '

- Sﬁ(l>-5uw1((S>Uﬂ(l)+MkAn(L)*(MLAM<L)*%(L)’/ FSUM LI /(51U =10)

T 1) CONTIME
S PRINT 30 ' ' |
35 FORMAT ( 1Hl.20X036’*‘~l\LTNITY AR HY!\’”)(,NQMH* FRODHCTIUN /21X936(1H—)

2 /710N 1 OHPRODUCTTON o 16K g LaHMEAN SAL TR TTY s 19K 3 1 AHS TANDARD JFEVIATI
THON 91X g bHENUMBER/TNRs 1O (TH=) o 15Xe 13 (1 H=] o 10As 18 (1H=) 9 10XeA (1H=)/)

P PRAINT 31e (MEAW(I) oSD(T) 9S(T)aT=]094) ,

T 31 FORMAT (/11X e THNOTHT NG e 19X aFAe] a2 3XeFn, 20 1RXaF2/ /11X THWET GASe19X
: C 4FHL1923Xet Be2e 1HXVFZ//1IXeTHN Ry GASe 19kaFHalacdneFHe?y 18XeF7/ /13X,
_+’§HOIL_021XQF801923&9F‘802'18A’F?/) ’

| . PRINT 32495(5)

V TR )] FuHMAT(IIX,fHUNKuOHNQ?ﬁXQFA).'

. RETURRN

=0,

HESS :
ER R hN(3)—1HU AA(AY = MG AN{D) =R S (8) =75,

a

FAD
FORTRAN NTAGNOSTTC uESULrs~gnn T rOMPARE

oy

L“STATE#EMf.NumnERS'
OMPARE = P 50564 - C . £7462 D 00009
" T o phfene D

B‘RRDR gac el 09217
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