|9 45 / 25 o BMR FUBLICATIONS COMPACTUS

. .. (NON—LENDING—SECTION) -
i 073751 |
. .,‘&(q? ’30,\
o (.“.’. (;} v
| s @.@’
- &;\»’ & °7
N
© Wﬁ&
49 &
.\y\: ;\ \’
’ E“»‘M ‘
e ca 1N
b, “\m -
A A3

Results of Tests of Oil and
Water  Saturation, WPlot Bore,

LG.\QeS Evtrance, Nic.

RE Thger




DEPARTMENT OF SUPPLY AND SHIPPING.
MINERAL RESOURCES SURVEY.

- Preliminary Report -

RESULTS OF TESTS OF OIL AND WATER SATURATION,

PILOT BORE, LAKES ENTRANCE, VICTORIA.

{Report No., 1945/25, )

This .report deels with saturation and porosity tests
carried out on 28 core samples from the pilot bore at Lakes '
Entrance,

The cores were obtained with a Baker core barrel
operated by a percussion drilling rige This type of coring
tool is generally regarded as a satisfactory means, from &
lithological point of view, of obtaining samples of the form-
ations drilled, but as far as saturation tests are concerned,
the core sampleq obftained are so broken and subject to con-
tamination and flushing by the drilling water that saturetion .
resvlts obtained from them must be regarded with considerable
suspicion. The position was aggravated in the tests under
discussion by the faect that the more competent sandstones,
which yielded the largest fragments (the so-called biscuits)
and hence those least likely to be flushed or contaminated by
drilling water, were found to be singularly free of oil. It
seemed likely that the less competent layers of sandstone,
which had been reduced by the action of drilling to either
small siZed pieces or sand, were the ones carrying oil and the
-material derived from such sandstones was most susceptible to
flushing and contamination by drilling water,

The experimentalwork in connection with saturation
determination is necesserily slow as each sample is under
test for a period of from 5 to 15 hours. In order to limit
the time required for the presentation of results and because
of the uncertainty in the interpretstion of results it has
been considered advissble to confine the tests to those core
samples which correspond to oil horizons ag indicated by an
inerease in o0il yield when thé particular section was drilled.

Sections which yielddoil are represented by cores
5, 6, 7, 11, 12, 13, and 14, They amount to 93 inches out of
a total of 274 inches drilled and it is considered unlikely that
any of the remaining 181 inches would be oil-bearing as bailing
tests showed that it did not contribute any 01l Lo total 0il
yield for the bore.

Tests were made of selected portions of the sbove-
mentioned cores and one test was made of sand from an unpro-
duetive section, namely Core 23. Of the 93 inches which cor-
responds to sections yieldingz oil, it was obvious from visusl
inspection of the cores that not all of it was oil-bearing.
Saturation tests were made on samples representing 51 inches.
Of the remaining L2 inches aspproximately 10 inches was lost in
coring end 32 inches rejected when visual observation:clearly
~indicated that it had no o0il in it. Some tests were carried
out on samples rejected in this manner as a check on the
observation and no o0il was detected by test.

; A visual inspection of the cores indicated that oil
was confined to the 'sand' and fine, angular fragments. The
more solid portions, 'i.e. the so-called biscuits and larger
angular ‘fragments were oily in appearance when first seen but
upon breaking them in halves it was obvious that the oil was
purely superficial in occurrence - the 0il appearing as a thin
coating on the fragment, The thickness of this coating varied



from a maximum of approximately 1/8 inch to a mere film,

In most cases where o0il saturation was determined
for the larger fragments, this oily film or coating was care-
fully removed with a wire brush before the test was commenced,
In one case, however, namely Core 12 - (3,1" - 6,2"), a com-
parison was made between the apparent o0il saturation of the
oil-coated fragment and the saturation of adjacent fragments
from which the oil coating had been scraped. It was found
that the failure to remove the oil coating resulted in an
epparent oil saturation (expressed as if the o0il was evenly _
distributed. throughout the sample) of approximately 8 per cent.,
whereas the removal of the coating reduced this figure to
approximately 1 per cent,

As the oily coating was of the order of 1/16 inch
thick and its volume smell in comparison toc the volume of the
sample as a whole it is evident that its saturation must have
been high.

The nature of the oily coating is not self-evident.
It may be cil which has been yielded by adjacent formations,
and which has adhered to the fragments, or it may have been
derived from highly saturated beds of glauconitic sandstone
of low competency which have been squeezed out of the formation
during drilling and been distributed throughout the cored
section.

A test is in hand at the present time to determine
what apparent o0il saturation can be attained by water saturated
sandstone fragments which have been standing in oil, but what-
ever such a test might reveal, the initial undertainty arises
through the method employed for coring. It is understood that
a second 'pilot bore' is contemplated from which it is hoped
to obtain rotary or diamond drill core samples tsken with due
regard to precautionary measures which can be adopted to reduce
contamination of the core to 2 minimum or at least permit of an
estimation of the degree of contamination to be meade,

In nearly every sample tested the liquid content was
found to be suffiecient to £ill the pore space completely. How-
ever, it was found as a result of experiments carried out with
typical samples of glaveonitic ssndstone that fragments of
size similar to those in the cores, become completely saturated
upon immersion in water for periods as short as 30 minutes, As
the coring process was carried out under water it is not sur-
prising that the cores were completely saturated, and further,
the fact that they were completely saturated cannot be taken
as evidence that the glauconitic sandstones are completely
satyrated in situ.

As mentioned above, some of the core samples had the
consistency of sand which it is believed has been.derived from
the complete crushing of an incompetent sandstone., This belief
is based partly on the fact that unconsolidated sand does not
occur in the glauconitic sandstone section in any of the neigh-
bouring bores which have been cored with a rotary drill and
partly on evidence arrived at by Mr. Noakes (1) by grein size
analysis and general considerations of the cementing materiel
present,

As this material seems to be associated with the
occurrence of o0il, its true nature is of considerable import-
ance in understanding reservoir conditionse. The true nature,

however, can best be determined from fresh evidence which it
" is hoped the second 'pilot bore' will give, and untit such
time as this fresh evidence is available, the true nature must
remain in doubt.

(1) See accompanying report by L. C. Noakes.
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The Measurement of 0il end Water Saturation.

The apparatus used in the tests is shown in Figure 1
and it is similar to that described by Yuster (2).

> )

The sample to be tested was reduced to pieces ahout
the size of a pea, weighed and placed in the extraction thimble,
The thimbles generslly recommended for this work ~are 'Alundum'
or 'Alfrax' of suitsble permeability but, as thimbles of this
type were unprocurable, a thimble was made from .a piece of

-glass tubing which was drawn down to make a fine hole at one

end. This hole was at the bottom of the thimble and it allowed
the solvent to drain through the sample during the extraction

‘process. A cotton wool plug in the bottom of the thimble

prevented the escape of any of the sample or the blocking of
the hole. The thimble holds approximately 15 cc. of sample.

‘The thimble was next placed in the apparatus and the
solvent boiled. The solvent used was Shell cleaner,XZ with a

"boiling point range from 90° - 140°%a,

The flow of hot solvent vapour past the thimble
vapourized the water which was carried over with the solvent
vapour, condensed, and collected in the graduated water receiver.

Condensed solvent overflowed from the water receiver and was

returned to the extraction thimble - flowing dowh through the
sample and returning by way of the hole in the bottom of the

2

thimble to the boiling flask,

The heat was regulated to permit the thimble to re-
main full of solvent without overflowing.

After several hours all the water vapour hed bheen
driven off and collected in the graduated water receiver while
the 0il had been removed from the sample by the continuous
flow of hot solvent through the sample in the thimble. The
time required for a complete extraction depends on the fineness
of the sample., Five hours was ususlly sufficient for the sand
seamples while angular fragments or biscuits reduced to pea

‘size usuelly required from 10 to 415 hours.

‘  When the ethaction was complete, the thimble was re-
moved, its contents dried and weighed to obtain the total loss
of weight, y '

The weight of the wate%?ﬁgs determined from that
collected in the graduated receiver, while the o0il removed was
taken as the difference between total loss of weight and weight
of water collected.

The dried sample was next tested for porosity.: In
the case of sand samples, the dried sand was - packed firmly into
8 measuring cylinder and tamped until its volume was a minimum.
The volume so obtained was taken as the overall volume of the.
samples The sand was next added to a measured quantity of
petrol in a measuring cylinder,stirred until no air bubbles
issuved from it, and the volume of the grains found from the
change in reading. :

: The volume of the voids was the difference in these
two volumes and was expressed as a percentage of the overall
volume,. j

(2) s. T. Yuster, Determination of Sautration by Extraction

and Distillation. O0il Weekly, March 20th. 1944,
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In the case of fragments of sandstone the procedure
differed in thet the volume of the fragments was found by
saturating them in petrol =2nd adding them to & measured quan~

tity of petrol in a graduated’® cylinder. They were then
dried, powdered and the grain and void volumes determined as
outlined above,

Saturatiom were expressed as percentages of the pore
volume or voids filled with weter snd oil respectively.

Results of the Teéts.

. The results of the tests are shown in the accompanying
tables It will be observed thet the oil saturation was not
determined for gix samples., Those were samples which visual
inspeetion showed to be o0il free and their water saturations
were determined by loss of W@lﬁht on. drying.

It will be seen that the tsbulation shows a number
of samples for which the total saturation - water plus 0il,
exceeds 100 per cent, ' This is no doubi: due to errors in the
measurement of the pore volume, A slight adjustment to the
porogity, which is oﬂOportlonal to' the pore volume, is suffic-
ient to reduce all the measured saturations to 100 per cent,
total., * This adjustment has been made in the tabulation, the
figure in parenthesis being the sdjusted values,

Inthe case of sand samples, ‘or samples containing a
gsignificent proportion of sand, an oil saturation has been
calculated on the assumption that the sand has been derived
from an incompetent sandstone of porosity 35 per cent. and
that the oil extracted from the sand was originslly present
in the pores of this sandstone. The porosities calculated
in this manner are tabulated under the heading, "oil
saturations calculated for 35 per cent. porosity.”

Some of the saturation figures so calculated are
of the order 12 -1L per cent, but as these sand samples were
those most ~uqcept1b1e to. contamination or flushing by drilling
Plwid it dis doubtful whether this Pigure has any real sign-
ificance. ;

Some of the sand samples were elfher free« of oil or
had very low oil contents. For example Cores 5 (6,3" - 11")
and 7 (5" - 7") gavé zero 011 saturation in spite of the fsct
-that they occur in cored sections which as a whole yielded.
0il although they do not necessarily represent those parts
of the sections whichyielded oil.

A third sample, namely Core 23 (1" - 3") had zero
0il saturation but ' it comes from a sectlon of glauoonltvc
sandstone which yields no oil.

The fact that these sands have no oil in them suggests
that any change in their original fluid ¢content which may have
been caused through flushing or contamination 4id not increase
their o0il content. However, there is no evidence to suggest
that the reverse is true, namely that their oil contents have
been reduced to zero by flushing or contamination,.

In fact there is no real evidence from any of the
tests carried out to suggestwhether or not the original fluid
content of the core samples has been changed during coring.

One test which was carried out might have some bear-
ing on this question and it will be described in brief,
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A sample of eclean dry sand, obtained by grinding glauconitie
sahdstone, was saturated with oil. It was then agitated violently
with weter for 30 minutes, excess fluid soueezed from it and a
saturation test made on it. It was found to have 83 per cent, oil
eand 17 per cent. water saturation. ;

Translating this result into terms of drilling and
coring it might be claimed that if any portions of the glauconitic
gandstone were 100 per cent. oll saturated, the material represent-
ing this in the cores would =still have a very high oil saturation
when removed from the core barrel even if it had been reduced to
sand in the process of coring

As mentioned earlier in this report, there is reason for
"believing thet the oily material which coats some of the biscuits
and larger core fragments has a high oil saturation. I% is possible
that this eoating represents the remnants of glauconitic sandstone
or similar rock which had a very high o0il saturaetion initially.
From the sparsity of such coating material in any of the core
sections it .could be inferred that if the above explanation is v
correct then this highly saturated material represents only a minor
portion of the glaveonitic sandstone section as a whole but not
necessarily a minor part so far as o0il yield is concerned.

- In one important aspect, however, the test described
above cannot represent reservoir conditions.

It is an omserved fact that, almost without exception,
reservior rocks are partially satura+ed with water, and this water
cogts the mineral grains in the rock, the oil being nowhere in
actual contdet with the grains. In the test déescribed above the
sand gralnc were actually wet by the oil.

An entirely different rdsult might have been obtained if
the experiment had been performed with a_sand in which the grains
were water wet., In this case the water covering the grains would
probably have been added to at the expense of o0il, and water may
even have entirely replaced the oil in the sand.

One mgr speculate almpst indefinitely on the relationship
which the observed o0il content in the sands and smaller core
fragments could bear to the original oil contents of the rocks fpom
which they were derived but such speculation cannot lead to any

satisfactory conclusions being drawn,.

Conclusionss

: Perhaps the most important conclusion that can be drawn
from the results under discussion is that a very substantial pro-
portion of the glauconitic sendstone is not oil-bearing., Bailing
tests® showed that apporoximately 181 inches out of a total of 274
“inches of the glauconitic sandstone drilled is either free of oil
or has foo low an oil content to contribute to the oil yield for
the hole,

Of the remaining 93 inches, material representing approx-
imately 51 inches was subject to saturation tests; the additional
L2 inches being made up of core lost in drilling (aoprox1mate1y 10
inches) and cores not tested because they obv1ons1J had no o0il in
them,

v
.

Glavconitic sandstone obtained in the form of so-called
blscu1+s proved to have zero o0il saturation .with the exception .of a few
semples for which the precaution of scraping the oily layer Prom
the sample before testing, was not observed,

It is believed that all the glauconitic sandstone which
cored +in the form of biscuits can be eliminated from the 'possibly
oil bearing ‘horizons because it is most unlikely that their oil
content could have been entirely removed _during coring by the

® De€ accompanying report by L.C. Noakes.
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flushing action of the drilling fluid.

The highest o0il saturations were found in sand and
finely fragmented samples although the relatively high oil sat-
urations. in many of the latter may have been due to oily films
covering the fragments as was the case in some of the biscuits
tested. '

If we now consider all samples which gave 5 per cent. or
more oil saturation irrespective of the treatment e.g. scraping of
the sample, the total thickness of glauconitic sandstone represented
by these samples is approximately 16 inches.,  Tf we add to this the
10 inches of glauconitie sandsteone for which coresfrere not obtained
(and hence no evidence to say that it wasn't oil-bearing) we arrive
at a tentative figure of 26 inches for the maeximum thickness of o0il=-
bearing glsuconitic sandstone. .

In view of the uncertainties which arise in regard to
such matters as change in original oil content, contesmination of
samples by oily lavers ete. the figure sarrived at asbove, namely 26
inches, is highly speculative snd no good purpose can be served
by ecarrying such speculations: any further. i

In summing up it might be said that the examination of
core samples from the pilot bore has not provided any satisfactory
evidence of the degree of o0il saturation in the glauconitic sand-

‘gstones at Lakes Entrance beyond eliminating & considerable portion
" of those sandgtones as being non oil-bearing.

It cannot be too strongly urged that in any subseguent
ecoring operations undertaken w i th a view to obtaining representative
reservoir samples every precaution should be observed which might
reduce the chances of flushing or contamination of the cores by
drilling fluvid and where this cannot be avoided it is recommended
that an indicator chemical be sdded to the drilling weter to permit

‘of an estimation being made of the degree of flushing or contamina-

tion that has occurred.

CANBERRA, A,C.T. (R,

R, F, !
12th April, 19h5. : . GEOPHYSI
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© PILOT BORE - TAKES ENTRANCE ©

Saturation & Porosity Testse.

Prod.Porosity Water Sst.0i} Sat. 0il Sgt.Calc

Core ~ Description 0il v
Number of Sample ) er day Per Cent.Per Cent. Per Cent. for 35% Por
EPintss :
5 (0 - 3") sand § 51 (53; o8 §93) 7.3 (7) 14
3 " B;scuits (a) ) Lo (4& 11k 100) . o g £
B(3" —6.3") Sand plus few§ 56 . (46) 80(98) - 1.8 (2) It 6
, fragments. 5
" Biseuits (a) ! 4 Wy (4h) 101(100) - W
“): "
5 (6.3"-11") Fragments (a) R A 37 §u5 122§1oo i -
A Send and La (37 290(100 0 (0) 0
fragments. :
5 (11"-15") Pragments (a) 25 (36) 103(100) - F
6 (9" -13") ?iscuits)(b) 2 35 (x) | 100 G ”
seraped
n Sand 2 57 {(50). 83 (9k) 5 (6) 11
6 (13"-17") Biscuits (b) L0 100 0 T
" - (Scraped) ’
7 (5" = 7") Sand 1.4 5h (53) 98(100) © (0) 0
N R Sma%l)fragments 36 (38) 105(98) 2 (2) -
c ;
% g 4 éc) 35 §37 105 (98) 2 (2 -
i Fragments b) 33 (32 93(100) o0 (0 -

i

(scraped)

12 (0-3.1") Biscuits (a 232 122%100\ - =
i B - e 186)  93(100) - S
E2 U Sd62") " a 35) 110 §93! 8.6 é?) -
" " b 325 100 (99) 1 19 2
(scraped) !
- ¥ Sand 50 (54) 400 2993 8¢ 1 %8\ 145
12 (6,2-8.5")Fragments & " 32 & 95N BB 75 -
little sand (e) 50 u?g
12 (8.5-10") Biscuits (b) 31 430 298(100) o (0) =
(seraped).
9 Small (e b1 () 87 (92) 7.8 (8) =
fragments.
4 Biscuits & 35 (x) ° 93 7
fragments,
13 (1" - 3") Fragments & 38 & 55 98 2 : - :
sand (c) ‘
1L (1" - 3") Fragments L2 (1) 98 (100) O . -

: (scranped) (b)
14 (L"-6")  Fragments &
samd (e).

% (6" - 8") Sana

51 (18). 87 (8%) 6.7 (7} w1287
52 (50) 94 (98) 2 . (2) L
0 54 (47) 88(100) 0 - (0) 0

B 3 e 1 S N N I L N i N N = ./\_/\/\_/\_!\_JHV\./\,./\N\_/\:/\_/\, =
N
(X&)
Ly Oy =+ =%
O W
~— 20—~ P e i

23 (4" - 3") Sand

(2 No oil visible in freshly broken,sample: Slight o0ily coatinge.
b Oily coating removed by scraping with wire brush before testing.
e Sample passed through 1/h" mesh sieve, oversize.being rejected.

X Porosity estimated, not measured.
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