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DEPARTIFNT OF SUPEQY AND SH;PE;N .

The pressure of the liquid, or reservoir pressure,
within the glauoonitic sandstone at Lekes Entrance has been the subject of
conjecture in recent years and the low yields of o0il which typify the field
have been attributed by some observers to low reservoir pressure. Reservoir
pressure, however, 1s only one of a number of factors upon whioch the rate
of yleld depends, Other factors of equal importance are the permeability
of the producing formetions and viscosity of the flulds produced.

However, it was not until the Imray bore-had been
drilled by Austral 0il Ltd. that any satisfactory evidence was obtained
whioh permitted a true estimate of reservoir pressure being made. 1In this
bore, glauvconitic sandstone was entered at 1253 feet from the surface and
drilling was stopped after 2lfeet of glauconitic sandstone haed been pene-
trated. It 18 probable that 10 to 20 feet of sandstone separates the bottom
of the bore from the artesian water horizon. The sandstone provides an
effective barrier to the ingress of water from the latter horizon. The bore
is oased from the surfece to the top of the glauconitic sandstone where it
it seated in cement, and all aquifers sbove the sandstone are sealed off.

Bailing tests showed that the 23 feet of glaucon=-
itic sandstone exposed ylelded a dally average of approximately 31 pints of
oil and 9 pints of water. Later, the liquid ylelded was allowed to accumu~
late in the bore casing and at intervals over a period of some 24 months,
the liquid level was recorded. The curve in Fig. 1 shows the liguid level
(H) plotted ageinst time in months. The values used have been taken from a
eimilar curve published in The Petroleum Times (14).

- It will be observed that the rate of rise, for in-
stance the rise per month, decreased as time went by - this decrease becom-
ing more apparent towards the end of the test periods It is evident that
the curve is tending asymptotically towards a value of H of the order 1200 .
to 1400 feet, at which value the back pressure provided by the liquid column
would be sufficient to prevent the flow of liquid from the reservoir. 1In
other words, the back pressure would he equal to the reservoir Prossure.

A particular method of plotting enables a rcasonebly
aocurate estimation of reservoir nressure to be mede from such a curve as
Pig. 1 without the necessity of waiting until the liquid level reaches its
final velue. As this method wiil be applied to date from the Pilot bore as |
well as Imray, its description will be delayed until the Pllot bore and the
date obtained in tests conducted on 1t ere described.

The Pilot bore is the most recent in the Lakes
Entranoe district and was under oclose observation from its inception. It
was drilled primerily to obtain informetion of the yield from water-bearing ;
formations which the nearby shaft would penetrate, but, as haes been described
elsewhere (2), it provided valuable information sbout the oil and water :
yields from the glauconitic sandstones

The bore is cased with five inch casing from the
surface to the top of the glauconitic sandstone at 1196 feet; ilnto which 1t
is firmly ocemented. DBefore proceeding with the drilling of the glauconitic
sandstone, bailing tests proved that the cement provided a tight seal and no
water entered the casing from formations above the glauconitio sandstone.
This was of utmost importance to the subsequent bailing tests as it could
be assumed that any fluid entering the bore eftéer sections of the glauconitic
sandatone had been Arilled came from the glauconitic sandstone exposed.
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- closest to a straight line of those shown. A closer -approximation could be

) : | e 2e

The glauconitic sandstone was drilled in steps of
approximately two feet and bailing tests were made after each successive
two foot section was drilled. Drilling was suspended when 22 feet 10 inches
of glauconitic sandstone had been pénetrateds After the necessary bailing
tests had been completed, .the 1iquid yielded by the section of glauconitic
sandstone was ellowed to accumulate in the bore and daily records were kept
of the height of the liguid column a8 it rose im the casing.

' The height w&s found by lowering the bailer into
the bore to & predetermined depth - withdrawing it and noting the position
of the liquld coating on the bailer. With experience is was possible to
determine in advance the depth to which the bailer should be lowered so
that it penétrated this liquid by a matter of only two or three inches. A

correction was applied to the liquid height to allow for the liguld dis=
placed by the bailer. The test wes conducted over a period of 5 days the
. Tinal height of the liquid column being 513 feet 10 inches.

‘ ‘ ‘ The liquid heights are shown in Pig. 2 plotted
against the time in days. Because of the shorter time used in this test,
the falling off in the rate of rise with time is not so marked in this
curve as it is in the corresponding curve (Fig: 1) for the Imray test, but
& comparison with the straight line drawn through the origin and tangential
to ;pz curve at the origin demonstrates the decline in the rate of rise .
with time,

gggggm;ggtion of Reservolr Pressure from Liquid Level Deats

" Pime and the liguid level are related to one
another by the following relationship:» (3) S \

A - He = H - - (1]
xﬁgﬁ = 1oge He -~ HL . (1?

where y = density of liquid column, ,
g = gravitational constant, :
- g_n gfoductivity index which is a constant for the'bor&
- = me
a8 ‘= ares of cross section of bore casing. _
He = liguid height corresponding to reservoir pressure.
H o= 11quid height at time t. ,
Hf{ = liquid height at time zero.

' Equation (1) may be eXpressed asis
taKloglo (He-H) -’--- (2)

!

.0 if values of t are plotted against correSponding values of 1og10(He-n),
the curve will be a straight line with a slope e where tan 9 = Ke

\

" In the éxamples under consideration, the value of
He is unknown, but equation (2) provides a means. of determining it. - This
can be done by a method of trial and errors  Various values of He are.
. assumed and curves derived,from equation (2) are plotted. The correct
- value of He will give a straight line, whereas the curves for other values
0of He will depart from the straight line. . In the case of the Imray bore, a
set of such curves is chown in Fig. 3. Vhlues of He range from 1200 feet to
1400 feet. It will be observed that the curve for He = 1250 feet is the

found by choosing intermediste velues of He, but as will be shown preseatly
in connection with the results from the Pilot bore, the value of He which
gizgeafhe ¢losest approximation to a streight line can be found by another
metho .

~_ The set of curves for the Filot bore, correaponding
to those in Fig. 3 for Imray, aremshown in Fig. 5 Seleoted values of He
range from 800 feet to 2000 feet.

in the ou for H 803 depgf{gre from & streight line is clearly evident
o dh oome o o and 1000 feet and is present, but
obvious in some of the other ourves. - P A not very
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' The choicé of the most probable value of He, i.e.
the velue that gives the closest approximation to a straight line, is not

at all evident from these "curves, but a value has been arrived at in another
way; which haes also been applied to the Imray results. _

. A set of values typical of those used in plotting
the curves in Fig. 3 and 5 are tabulated'belowz- .

o _ . - . (
Time : G He = 1200 feet. |
(months) feet He - H loglo 8 - H) ds; log (He - H)’Departure Trom

| ‘mean

0 240 960 2,9823 ) -

« ‘ _ o +2713 +0961
5 686 51 . 2,710 S

' ' '« 3045 0629

10 9u5 255 . 2,4065 , T
| o 5 « 3273, . 0401
15 1080 120 2,0792 |
. L o -)4»99“- ‘ - ¢1320
20 1162 38 1. 5798 , |
.3674 » .3311
(Mean value) (Total)

The ratio of total: departure to mean d.log (He-H) = 03%l} = +90
and will be callea the departure function,.

' Departure funetions have been determined for each
value of He for both the Imray and Pilot’ bores, and they are tdbulated'below.

Inray Bore. . palet Bore,
Re (£t.)  Dept.function =~ .  He (ft.)  Dept.function
1200 . - 80 .81
1250 175 1000 .35
11300 200 - 1200 /136
100 - .70 . 1400 +106
' - — 1600 - S Aa3s
1800 Ca7s s

2ooo. 3 ..aug}*.

' When the departure function is a minimum the curve
of equatiOn (2) will more nearly approximate a straight line than’ for any
other value of He. .

[

The depart 1ve functions are plotted against the

o apprOpriate values of He. In the case of the Imray bore, this curve is

shown in Pig. 4. It has a minimum value at approximately He = 1270 feet.

) The corresponding curve ‘for the Pilot bore is shown
in Fig: 6. It has & very broad minirum &s one would expect from the nature
of the curves in Figs 5. It extends from approximately 1280 feet to 1380
feet with a mean of 1330 feet. )

The values of He obtained for the Imray and Pilot
bores are 1270 feet and 1330 fee't respectively. The average density of the
fluid in the Imray bore was 0.99 and in the Pilot bore 0.97. The pressures
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correeponding to these values of He are respectively 550 1b/sqs ineh and
560 1b/sq. inch. These pressures are very close to the estimeted artesian
water pressure of 600 1b/eg. inch and it is reasonable to assume that
reservoir pressure is identical with artesian water pressure.

This seems & rational result in view of the fact
that none of the bore logs examined or bore cores tested for nermeabillty

suggests the presence of an impermeable layer between the artesian water
horizon and the glauconitic sandstone such as would bf necessity be present
. if reservoir and artesian waters pressure. were substantially different.

In many of the bore logs the cores when broughtto
the surface heve been described as being "dry". Therée is an inference in
such a description that the pore spaces in the core8 are incompletely sat-
urated with liquid. If this is so0, then the pores must contain gas at a
pressure equal to reservoir pressure and one would expect, as8 & conseguence
of its very low viscosity relative to water andoil, a gas yield of a magni-
tude which would be immediately apparent. The amount of gas escaping from
Imray and the Pilot bore is, however, of a negligible quantity. :

It 48 the writer's belief that the pore spaces in
the glauconitio sandstone are completely filled with 1iquid, this liquid :
being in contact through the pores of the rock with the water in the artesien
horizon and in consequence, the 1liquid in the glauconitic sandstone (the -
reservoir) has a pressure comparable with thaet of the artesian water.

If, as is implied above, the glauconitic sandstone
is completely saturated with liquid and the¢ reservoir pressure is of the
order of 600 1b, per 8q. inch, it may secem surprising that so little liquid
is yielded by the glauconitic sandstone., The writer believes, however, that
the known physical properties of the glauconitic sandstone provide an ex- :
planation, .

' The rate at{which'a bore hole will produce liquid
depends upon the reservoir pressure and the permeability of the producing
formation, other factors being constant for any given bore hole. If a
reservoir pregsure of approximately 600 1lb. per sg. inch exists, then the
low yield rate is apparently due to extremely low permegbility.

Tests of permegbility on samples of glauconitic
gandstone from 1255 feet to 1291 feet in the No. 10 bBore (4) gave an average
value of approximately 2.2 millidarcies for dry samples. This section of
No. 10 bore corresponds to the glauconitic sandstons exposed in the Imray
and Pilot bores. This figure, however, of 2.2 millidarcies would be con~
siderably decreased by the presence of water as was shown in a number of
tests conducted for the purpose of asc¢ertaining the magnitude of this effect,
It was shown (5) that in certain types of glauconitic sandstone, the effect
was more marked than in others. For instance, samples from 1277 -~ 1278 feet
showed an average devrease of 2.4 per cent. in permeebility for 1 per cent.,
water saturation, while samples from 1291 -~ 1300 feet showed an average of
only 0.73 per cent. decrease per 1 per cent. water saturation.

It is believed that in the latter case the decrease
may be due entirely to the reduction in the cross-section of the interstices
between the grains due to water adhering to the grains. In the former cabe,
however, the effect appears to be too great to be explained in this fashion
and an alternative eXplenation is offered, namely, that some of the material
comprising the sandstone tekes up- qater and swells; and that this swelling
ig partly responsible for the decredse in permeability.

Garrison (1939) in an erticle on the surface chem-
istry of clays and shales describes the swelling which can occur when certain
minerals take up ‘plenar water' by the agency of weak electrostatic forces
on the tops and bottoms of flat plates of micaceous minersls. PBentonite
exhibits an extreme case of this swelling. The swslling of deep shales from
which the planar water has been pressed ocut by the pressure of overburden
is attributed to the re-entry of planar water. If favourgble minergls are
present in the glauconitic sandstone the gbnormal reductlon in permesability
may be due to such minerals taking up planar water and swelling.
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. thus yleld apprecialbe guantities of water as was found to be the case when

He - ' !

' Sandstone of the kind represented by the samples
frofa 1277' - 1278' would tend to have very low permeebility at moderately
high water saturatiouss It is belleved thet the sandstone exposed in Imray
and the Pilot bores 18 of this kind. The latter kind are typleal of the
section 1294 - 1300 feet in No. 10 bore. Sandstone of this latter kind could
be expected to have apprecieble permeability at high water saturations and

they were penetrated in the No. 10 bore.

The writer wishes: to acknowledge the work of Mr.
L. C. Noakes in co-ordinating and plotting the data from the Pilot bore. It
18 desired also to acknowledge the interest and co-operation of Mr. H.J. GooH
Supervisor of the Lakes Entrance project, and particularly to commend the
gare with which theé liquid level measurements were carried out by the driller
Mr. Ted Smith.
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