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1, INTRODUGCTION,

In 1942 the commonwealth Govornment arranged to sink a
vertlcal shaft to a depth of a: prﬁx;nuua Ly 1200 feet to the oil- |
vearing glauvconitic uqndcnorv at Lakes Entrance, so that horizontal
drill holes could bo drillcd in the sendstone for the production of
oil., Recently the shafi rcachsd a deptin of 1117 feet and it was:
desired for engineering.and other purvoses to test the micaceous -
marls, and the glauvconitic sandstone -beleow the bottom of the shaft.u

It was decided to put down a diamond 4rill. hole and to use the

cores for the necassary itesiing. The drill hole passed through

80 feet of micaceous merls, 1 foot 10 inches of glauconitic marls,
and penetrated 19 feet 2% inches of glauconitic sandstone, but was
not extended to the bottcm of Hthe latter. An index chemical a
(glucose) was addsd to the drilling water when the sandstone was
being drilled. - -

This report de a]u nainly with the examination of the
cores of glauconitic sandstene obtained from the drill hole., MNost

_of the laboratory investigaticns on the cores were carried out at

‘Lakes Intrance..

canberra and included exeminaticn under ultra-violet light, some
petrological work and determinations of porosity and oil and water '
saturations, In.addition, exveriments wsre carriecd out at Lakes
Entrance to determine the guanitiity of gas yielded by the Pilot and
imray Bores, and debterminations of the gllLOub content of the . .|
samples of water extracted from six cores were made by Lire WeRe
Jewell of the Victorian State Laboratories, lelbourne, Experiments
were made in canbc;r Lo estiihlish the denydration characteristics
of the glaucon1 candsbonca

. An at “mpt has been mﬂdo to correlate much of the avail-
able data .on the Takes Entrance field . which has a bcarlng on -
the Lakes BEntrance oil project, and 4o provide a summary of fhe g
occurrence and distribution of oil in the glauconitic sandstonc.
From all of thig-information it has been ﬂOSS]blb to make a tent-;
ative ‘ealculaticn oF the n“obablw oil content of that portlon of
the reservoir to which the data ig amvnlicable,

Flnally the - eporL includez a critical examination of
the: factors influencing the reécovery of oil from the glauconitic
sandstone by horizontal oil mullbn and. an egtimate of the per—
centage of oil whlch miohJ be. recovered from a given area at

I1._ DESCRIPTION OF THE SHAFT BORE.

Ao DDIIpING tQOL“W"RW

The diamond dri ll hole, wh;ch will be referred to in
this report as.the Shaft Bore, was drilled from the bottom of the
Lakes Entrance 0il ghaft, ‘Thu object of the drill hole was
firstly to provide-solid cores. of t*@_focc underlying the shaft
as-a guide to sinking operations, and quQﬂdly to provide com-—
plete cores from the glauﬂnnhulc'lunaauwnb from which reliable
data on the occurrence and distributicn of oil could be obtained
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An initial attempt.to drill the hole from the collar
of the shaft failed and the bore was finally drilled from the
bottom of the shaft at a depth of 1117 feet below the shaft collar.
A total of 101 feet was dr l¢e¢.'copsﬁ5ting of 80.feet of fine
sandy micaceous marl conualn“ng four hard bands of limestone,
followed by 1 f£fout 10 inches of .sandy glauconitic marl and 19 Teet
2L inches of glauconitic sandstoncs Core recovery from the
mlcaceous marls was very low des pltm the carc exercised in drilling
but the recovery rosge %o 82 DPP cent in the glauconitic sandstone,

The glauconitic sandstone was cored in sections
approximately 2 feet Jong, and most of the core was recovered in
continuous lengths with emall losses at the base of each section.
The cores were % inches in diamctcr in fthe micaceous marls, but
only 1% iInchcs in the glauconitic sandstone, because the bore had
to be cased from the collar to ths sandy-glauconitic marl,

l‘.J l

B Water qu'ﬂlrﬂlrurﬂd during unlllwng and an index
chemical was introd ucsd duiing coring of vhe glauconitic
sandstone, o that it woul ~vv‘5ur*‘blu-to ubbbrmine whether any

of the'drilling Tluid cntcred the cores and if so to what extent
The index ¢chemical ussd luecgs, wag introduced in a .
solution COntalnlrg bunu - 1lons of water. Mercuric
chloride was addcd %o the sol p"nnortlon of 1/50,000
to inkibit ferment ﬂ+1oh;:xw st of the cores were
dipped in merithiciaie sgy L 109VOO as & further
precaution against Lformenitati .

1=
&=
\O

: owing to the lack of space at the bottom of the shaft
the solution was mizcd in 40 galilon drums at the No.5 plat, approxe
imately 200 fceet above vhe driliing platform, and fed to the drill
by gravity,  The returncd solﬂtion could nct be used again and was
allowed to drain into thu Lottow of the chaft from which it was
pumnped to ths surface. Jwrpics of the solution were collected from
gach drum and nomd‘nod wo provide a rcepresentative sample of the
drilling fluid- used,- The wabter from ths sclution was drawn from a
garland in'the ha_,ﬂ ahd a sample was ftaken for analysis,

8,
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) B, Trentment .of Cores.

itic cundstone Wags CO red with AX core
barrel fititcd with an inner tube in which the core was retained,
The drilling fluld circulated through the annular space surround—
ing the inner tube and thus ;inimised flushing of the core., Cores
were withdrawn from ths corc barrel at ,the bottom of the shaft,
placed in cylindrical mctal containeral-; and carried to the sur—
face, After preliminary examination and measurement of the cores
they were wrapned in woxcd paper and gealed in the containers,

The glaucon

3 o

_I‘

_ The contalners of three of the cores which showed
noticeable traces of 011 were goldered immediately and were not
opened until the corzs were required for examination in Canberra,
The remainder of the containers, which were sealed with insul-
ation taT2, had to bc opencd cn two ocels lons, once at Lakes
Entrance and once o lisibourne to allow inspection of the cores by
the Lakes Entrancs Ixecubive Committee and by consulting engineers,

XIﬂauely 1t" in diameter and

(1) . The containers ro
s, wrapped 1n waxed paper,

2! to 2'6" long so th&znggJ;c
fltted ulgh =v,into thems

~ :
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All Gre cores were exposed in Canberra when sach. sectlon
was cut into 8- 1nch lengths!and placed in air t1~ht jars, Most of
the cores’ were subjected %o further. exposure whepn the 3~-inch «
sections were - cut into discs 4 inch thick for examlnaulon under
ultra-violet light. Estimates have been made of the total length’
of time for which esach core was exposed to the air afuer with-

: drawal from the core barrel and these are indicated on the

columnar sections, plaues 2 t0 10, ''The . three cores in soldered
conualner”'ﬁuffered g maximum: exposure of only 30 minutes, but. .
the remainder of the cores: ‘wiere exposed for apnrox1mauely e0 .;qé
mlnuues The effect of this ‘exposure on the liquid content of ST
the cores will be dTSuUSSGd in: a 1aJer section. o

IIT.. P)(AMII’ATION OF CORES

Py

<. Preliminery exsmination for 0il and Gas.

.~ When first examined at Lakes Entrance most of the cores .
showed’ patches of oil on their surface, . The pOolulon and extent.
of each patch was noted bécause: the 01l appeared to indicatve the.
position of oil-béaring -sandstone. - The amount of oill observed
was usually sufficient to form a’'dark brown £ilm on the surface.
of the cores., O0il wss ndt -observed dripping from any core,. but
where the oil film was thickest,; drops of oil could be Wiped from
it with the fingersy, On theé whole there was little evidence of
gas in the glaucon*brc”sandsboneg An-inter mlﬁbeﬂu Stream of ‘gas
buobles rose Ghrougn the'watéer:-in the bore hole during drlll;ng,
but less gas was éncountered in the. glauconltlc sandstone’ than -
in the overlying micaceous marls: whers definits surges oceurred
on two occasions an@ where the: stream. of gas bubbles was almost
continuous. Occasionally small bubbles of gas were obscrved
emerging through patches of . 0il -on the surface of the cores; buﬁ
no bubbles were observed emerging from non-011—bear1ng seculcns '
However, these bubbles were observed s0me mlnutcs afuer the ceres
had been removed from the core barrel, and up to £ hour after the
rock had actually been cut so that uhey are no 1nd10a010n of the

camount of gas originally held in uhe cores. T

B. Txarznatlon under Ulura—Vlole Liéht

(1)  Introductioch. The flcurescent propertles of crude and.
refined oiis under ultra-violei light are well-known and have
been used in Amer#ca and Germany in. the‘examlnaulon of drill Cores.
This method provides a simple and effective means of detecting
very small gquantities of oil, which might otherwise be overlooked,
and 1is par ticularly effective in establlshlng the distribution
of o0il ,in a 'drill core in whlch the 0oil content is low and
1rregu1are : T S

The presence of 0il in the glauconltlo sandstone could

‘not be reliably detected under. ordinary light because of the dark

green colour of the rock and because. the 011 pOSSlbly occurs 1n

a finely divided state. Cores from the Shaft Bore, Lakes o
Entrance were first examined under ulitra-violet llght at the .l
suggestlon of Mr, P.B, Nye, and the method proved so effective

that a technique was developed:by which the distribution of oil "
could ‘be plotted to scale on a 1ong1tud1nal section of each core.

" 'The cores were examwned under two types of ultra~violet
lamp:  ~the ”mrneralﬂght” lamp and the "Meréra" lamp., The "Minera-
light" equipment consists essentially of.a coiled quartz tube in
which a c0ld eleotric discharge through mercury vapour takes
place°‘ ‘Electric power may be obtained eit her from batteries or - -
from the 240" volt A.C. main sueply wWith suitable transformer,

The lamp i1s fitted with a filter constructed from a type of glass
known as 'Red Purple Cocrex A No. $86", The ulira-violet light
emiited. myotly corresponds o o wave . lenptlh of 2537
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The "Mercra" lamp prov1des 2 source of near ultra—
vieplet light and no a pre01able amount is emitted below .a wave
length of about 3100 Phe - e#ulpment eonsists of & mercury _
vapour lamp enclosed 1n a. dark glass envelope, which absorbs most
of :thsa VlSlble light, * The - La mp which.was used is rated at 80
watts afd, . in. assocLatlon wikh & cnoke coil, operates from the
240 volt A G maid Supp7y.w S

k‘>%ﬁis Cwude and’ reflned oils.fluoresce under both lights
but th& fluorescencer ig. daistinctly brigh.er unde. the ‘lercra”
lam _WﬂlCn Wag ulwrel0ﬁﬂ used throvghout the investigation. Under
Xhig Tamp, nortions, or £ core which contein oil show a yellow
Tlovres cence which vearies in ‘intonsity from o bright golden yellow
to & pals vclloNJ brown, appoirensly dependent upon the proportinn
of the roci . surface: actvallyr coversd with oil and on the tmlckn Ss
of the oil fllms. Lo f Do

Vurlous tests were | cwrrlbd ~1t to ensure that this

‘fluorescence wag actua 11y pPOdUC@ bv crudz o0il in She core and
not by any of the other SUbSbaDC“S U'L“ﬂ could be present, such
as glucdse solution, mercuric chlopyids @nd merthiolate., Each of
these substances wns tested undwr" tﬁn—vio7eu light and showed
no fluorescence Next, a fe fr;gﬂvmus of flugrescent and appar-
ently oil-bear 100 core were. pJUCQd 1n_ﬂ“'® % tobe stoppered with
cotton wool., Noither tube nor stopper shoied fluorsacence
under ultra-violst light., The test tube 'uhen*heated for a
few minutes, cooled, and both.tube and uoo;ﬁr bore & condensate
which gave a bluish white fIUDresce nCC'tvvﬂﬂ“l ofio0il dlbuWTIates.
Ine frogments of core were also. ex qmﬂnpapy t2r heating and found .

to have lost all fluorescence undﬂr ult w‘\rlolet Jight., & further
experiment was carried out using, ”Sbell to” solveat to remove oil
from a portion of fluorescent OOlb, aﬁa '”cvj'dry'ﬂg as loy tem-
perature, the corc no longer showed fluoiﬂvvence. S Finclly a
portion of -the gore showing no fluorescencd was 1mpreﬂafuwd with
Lakes Fntrancn il and the rcsultlng LluOLbSCane Was 1aunulca1
with that found clsewhere in the cores, .

(2), Procedure. , ' R

When ultra-violet light 4cffmlnﬂtlons Vcrelnltlated
some of the cores from the Sheft Borc Hod beoén withdrawn Ffrom the
scaled tins, cut into short scctions: (aonroxlmutely 3" loag) and -
cacli seetion sealed in a 4 oz, alrtlgqt Jar' Other cores remalned
intact in the sealed mctal COntulnGPS-Ahth ‘examination under
ultra-violet light was carried out in a dark room and carc was
taken that each core, or section of a tore, should be exposed to
the alr as little as po«51blo. s

In the flrst ¥¢] rleo,oi tests the external surfaces
of the cores were cexamined and the dlstrlbutlon and 1nten51ty of
fluoresccnce plotted on a columnar scctlon of half natural size,

During this cxamination it was found that the patches
of oil originally obscrved on the surface of the cores could no
longer to discerned under ordinary light., The ultra-violet light
showed that oil had becn absorbed by the waxcd papcr in which the .
cores Were wraopcd. However, it was found that the patches of oil
on, the surface of the corcs werc.visible under ultra-violet light,-
The complctc surfacc of the corc was portrayed in three columnar.
sections which wcre obtained by placing the corc in a core holder
in which it was held horizontally and could be rotatcd about the
horizontal axis, The core was vicwed from abovc and the distrib-
ution and relative intensity of the fluorcscence skctched on to.
the columnar section,  The:core was then rotated 120° in an enti-
clockwise direction to the second Dns1tlon, cxamined;, and similarly:
rotated to obtain the third position, Ths tep and bottom of each
cors vere alsp excmined cnd 'qL fluorszeonc: urted,
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e Thc resultlng ~orc-diegham provided a clear picturec of
the digtributiod of oil 2 the surfacc.of the cores, Howéver,
subscquenr Q zaminations, u51ng 'dn improved method, showed that
these alqgramm, 2lthough thcy indicated the pr1n01pﬂ1 oil-bearing
zones, did not’ pr0°ont & truc picture of. the original distrib- .
ution of oil-iIn the rock bbcauqo,'ln many cores, o0il, which had
welled out, of Portions of 2 core. durlng drilling and .recovery,
had -e¥ther gravitated down thoe surfacerof the core, or hed
bceen spread by the cor¢ catcher over o larger arca than it
originally occupied, - The distribution of 0il on the surface™ could {
also be affected during hondling or by movgmrnt w1th1n thw senled i
‘meta ilcontﬁwncrsp -
In the‘proccdurc f1n°11y udoptud cach core or portlon nf
corc was cul -into thin discs, averaging ﬁppPOleatcly " in thlcknp &g,
by means of a spacially censtructed. corc cutter., To fa0111t“tc the
oricntating of %heso ‘discs a. hcavy pencil line was drawn longitud-
inally on the surface of the corc boforc it was cut. Es ich disc cut
from the corec could then: be placcd on a» shect of. ‘paper in ‘corract
_orientation:” The suitc of discs so obtoincd was' examined under
ultra-violct 1ight and-thes fluorescent arcas showing on cach worg
plotted nn.a . sheet ogurlng @ scrics of c1rcles r@pruscntlng Cross="
sections of corc & 21f natural sizc. -Both obversc and. revorsc
siCcs werc cxamined to pr0V1dO two sorics of  diagréms-from which
the dlstrlbut;rn nf oil 1n tho corz could bo ¢lea rlv cstabllshcd
“e e The Jdiarrams showcd thot the oil cnnignt of tho sandsthne
varied widcly. Some SthanS of the COPuS showed! #b tP“CO lofi 0il;
some garpicd isnioted patcli¢s’ of oll; thers’ showed definitie oil
zopes-in walceh .the o11~buaﬂ1ng portllwc could .bec . traced with
duflnlpq VCPulCMT cmnulnuvty Enrnugl A numbcr of ' & dJQCGHt—@lSQS*
ﬂér thb DuPDﬁSCJOf pOftf;”’l, thc s ndstonu Va
_‘flcd 1nto tho ;OilOWlnG'fIVC grudcs Jhog 24 on the propor

Tpock whlch Shcmbd f1uorosecncov y;‘;ﬁ T e m__"ﬁwgu“,_: Lo -

|(1> 'Oll—&oar ng pa tchcs covorlng 757 or moro of- thc chc ”“:n

SR 3:5 Jro:S sobtlon ond;; Wltﬂ vrrtlcal contlnultY- ;g“Vf“a” S
. (2) Oll*bo aring patches chprlng approx1mately 50 to 75%

of Lhc corec in cross scetion qnd with vertlcﬁl’contlnulty.

(3) E&ecctions.of corc carrying numcrous small nil~bearing
vpatcbou Wlth no vertlcal contlnulty._

vk

(u)"-Soculuﬁs of corc carrylng a qu 011-boar1ng p tchcs..
)

o 'J .

—
ul

Coro Qarrjlng no oil in cross scctlons.

From th se dJarfaﬂs CQlumnar soctlons of- coros .20 to 28" nc1u51Vu
‘were preparcd oy 5poaect1ng the-sandstoncs of various' grades as
established by./Jhe chagvanss o7%e (3 §etliom Mpresa.entin,g: a verti-~"
cal plane pVLS,’})VD7 TA?nqhme contrs of the .corey These'sections.i

- are shown on Diauvr?‘ﬁO..O inclusive, A generallsed columnar
section of the 1%AJ£ZU of , glauconitic sqndstone penetratcd by the
bcrg, and show1nq the dlstrlbutlon of oil, WWS ‘thén-prepared from
the individual c f4mpar bectlnns and is shown ‘R platé 1.:

e e 1 e et e o B e T

TS _TV' DIS .LRTBUT ION OF O.ILL, CLELI V. ...‘. . .,n‘...r,” FIN .» e ,,.“ -

S o N

o J;l;Bearing Zonésvln the Shaft Bore:?:xf;',‘fhgﬁ?“f' X

‘ : The various, core dlaézams show, that oil is dlstrlbuted ’
irrega]ﬁrlj over the whnle 1884 1ncheq of care’ recovered and that &
an aggregote of cnly 6r§1nchos, or 36 per cent of" theeore hds nol
disceraible trace ~f ~il. By uveing the classification shown
cbrve, but crmbining gr d-s 3 ~nd u, the £o1llowing cggregot
thicknceoss rre nbitainced. -
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Total thickness % of total core

| 3ﬂquiﬁ N T IS | recovered
arade, 1 “d:I;f);fjff*; =) ;nchesr Y 11,7
Grade 2 ‘]ﬁ*f~,g¢w&';. C1eE M 8,9 e
Grade, B3 and 4 ;j" B - - SR SE ol 4Be4
Grade 5 ,"%'\\' :,- : Y J_ S .j 6'7‘ﬁ A S - . 56
VTl st ree 1884 1nches-; - 1oo.ov‘

In’ the sandstone of grade Ll an aggregate of only 10 inches
is almost entlreln 011-bear1ng and.-it is probahle that rnost of .
the '0il produced can be attributed to these 10 inches, However, it
is believed thet some oil may be produced from grade 2 sandstone
although the yield would probably be small and the recovery relat—
ively low, It is assumed therefore that oil is produced from sand- .
., stone -of both grade 1 and 2, but not from the other grades, On
" this basis the. aggregate thlckness of sandstone from which oil
might be Pproduced is 584 1nohes, distributed in five well defined
zones . (Nos. 1to 5) shown on plate 1 and in the following table.

‘,lelts of zone Aggregate thlckness - % aof total
' [depth below top of pandstone from ‘thickness of
zone,  of . @lauconitie ' which: 01l might “0il producing.
L sandstone. S - be produced,. : . _sandstone,
L 1t gn - 5' gn- . 11,0 2860
2 TUoqin gt oan o 108 . 30.2
LB 11rtaat . - agr 7 8,0% 2042
NS VR & S R A Vo LU 2.5‘ S Be3 .
5 18vefr - 19t 2gn B0 15,3

39.5 . 1oo.of‘

. Zones 4 and 5 are minor ones oons1st1ng almost entlrely of
grade 2- ‘sandstons - and although possibly yielding some oil appear
t00 thin and “isolated to warrant inclusion in the calculation of
total oil content, This is supported by the. close’ parallel, discuss-
ed below, between oil zones in the Pilot and Shaft bores whicn
suggests that zones 4 and 5extend into the Pilot bore where, how-
ever, bailifng tests ‘havé shown that their yield is 1n51gn1flcant
The probable effective thickness of produclng sandstone is there-
,fore considered to be 3l inches, comprising zones 1, 2 and & measur-
ing 11 1nches, 12 inches and 8 inches respectivelye.

Be Comyarlson of Shaft and Pilot Bore 1.0gSe

o)

. ..The productlve ZONnes as deflned by the Pllot Bore 1og are
shown’ 1n plate 1 and are listed below for comparison with the
zones considered capable of productlon in the shaft Bore,

.__Pilot Bore | o " ' ‘Shaft Bore
Productlve Zones. . -7 Zones .considered Zone
. . o capable of produotion. Numpgrs;
Between 0' i 4'me$ ‘ Between l;g?' - 5: 82" B
G e i Y e 7 o gt ol R
BT 8'3"-7 12‘0"s§-¢ i 111230 - 18t 78 5
' - ’1414_1| LOABtgM L 5!7{&! - 13110 4
16“7" ! 18“7"'-‘3" ‘ 5 18'!82‘" - l9f 2%1’; 5 -

el

A

'} Inoludlng 1" not recovered: but 1ncluded~because it occurs in the
‘" oentre of Zone 2. -

N Ekcludlng £ of‘grade l sandstone 1ncluded in the 584" of grades
ER and 2 sandstone. : : : 5
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only two productive zones (the upper. twe shown in.the i idl

table above) were or1g1nally established from the - Pilot Borems%n e

log, but ireconsideration’of the production data,.in the. 1lghti0f iﬁ‘*

information provided by the shaft Bore, 1ndlcates it ithe
second zone: from the ‘top in the pilot Bors includes both zZones.
2 and 3 from the shaft Bore, and that thewe are brobably two
very minor oll-producing zones in the lower section .of the:
Pilot Bore; which correspond approx1mately with zones4 and 5 of
the Shaft Bore. The evidence from the existence of; gones 4 and.
5 can be seen in the. productlon graph accomparylng a report onm
the Pilot Bore by T.Ce ‘Noakes ' (1945) 'on the graph, which shows:
the average. production of ary- 011 emulslon and. water Jper core .o
section, the ratc of .decline- of dfy oil produccd from the sand- :
stone above the base of coré section 8- decreas s. markedly after.
section 9 had been: cored -and-indicates d pOSSWble small pro-
ducing zone (zone 4), Production actually increased. 8lightly
after section 11 hsd been‘cofed and” indicates a p0551b e zone > A
However,: the: coiibined pwoduntlon From zones 4 and 5-is.only a. . 7
small. fractlor‘ £ mbe total pﬂo&uctlon from thm Pllot Bore,hl..‘
The abovc tab & shows uhat gl 1OW1ng for erLors in
measuremant in the two bores the productive zones™ are comparable
within geological. 13m1t Por this rcason, there is justification
for using . information- gamned from production tests at the Pilot.
Bore to-.aid.in interpreting the log of the Shaft Bore, ‘Where o;l
was produced but no bailing tésts colld be carr1od out, 'Since:the
bailing tests fromw the Pilot Bore 1pdlcate that no. 81gn1flcant 01k
producing: zing exists betwebn 12 feéet and 23 feet below the top of
the sandstone, productiorn of oil from. zones. 4 and 5 in the Shaft
Bore, which occur between 12%7" 'and 19'2%" ‘pelow the top of the
sandstone may be regarded as 1n81gn1f¢canto It is considered,
therefore, that in fhe upper.19. fect/glaucon"tﬂc sandstone ' in’ the‘/Qf
vieinity of thé Lakes Entrance shaft the productive oil zZones are
restricte d to the top 13 fcet0

Wl
u - 4

Ce General Dlstrlbut¢on of 0il in the Glaucon;twc sandstone.

In genoral, uhe dlstrlbutlon.o the 011—bear1ng sand—uim«m
stone as indicated by ultra—v1olet light 'is. ‘most irregular, . - EXame
ination of ~the discy “indicdtes that v1r+ua11y none of the. core
consists entirely of oil-bsaring sandstonc, -, An aggregate thickness
of approximately 10 inches of ¢ore is admost entirely composed of
oil-bearing sandstone but-even: ‘this portion contains small patches
of barren rock, and Ain the grade.2 sandstone,  the oil-bearing

1 l i

vortions apparently occur in petches which constitute dpproximete-

1y half the rock, Furthcrmore, there is evidence in the cores of
a complete gradat 1on from barren sandstons, through sandstone
carrying a varying 'number of oil-bearing patches, to rock alinost

entirely composed of 0114bear1ng sand5uone W1fh only small patcheslf;'

of barren “ockm‘.;;

The o l~bear1ng~¢ones esbaleshed in the P11ot and Shaft
Bores occur on approximately the -same horizons within the sand- - -
stone and this strongly suggests horizontal continuity over at
least 100 feet, and p?obably over a’ cons1derably wider 1nterva1.
This is substantlaued o seme- ettenu, by evidence provided by the
logs. of other bores on the field. ..Table 1 shows the distribution
of oil as recorded in the dogs. of elgh bores situated at dis-
tances of up to 6800 feet from the.lakes: Entrance ghaft, and the
relative position of each bore: is indicated by bearing and distance
from the shaft itself. However,. considerable caution is necessary
in interpreting and correlating older bore logs because many were
not prepared under technical . superyision, and because the positions
of 0il zones were not determaned by crltlcal balllng tests. An

YU SR

Productive: zornes refers “£o° zones estab¢1shbd by balllng teSus 1n
the Pilot Bore and zones consideresd’ cdpable of production in the -
Shﬂft BOP\JQ 4
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additlonal p0331b1e source of error lles in the. logglng of the top.

of the glauconitic:sandstone, 'In some bores the sandy: glauconitic: .

" marl overlying the sandstone appears to have - confused drillers and "

may have given rise.to errors ranglng up to seVeral feet 1n the
1ogg1ng of the t0p of the formatlon,nggﬂ , }

of. ‘the bores listed in the Table I Noso 8 and 10 Govern- -

ment bores;were rellably logged but no details’ have been found re-
garding the. ‘supervision of the remaining six, :However, the.logs
show fairly close agreement and appear to. esthllsh at least two .
oil-bearing sections, The upper section lies at the top of ‘the.
sandstone.and ranged from 9 to 14 feet in thickness; the lower..
sectioniis commonly situated at or below 24 -feet from the top of
the sandstone and apparently varies conslderably 1n thlokness.

It may ‘therefore be concluded that, over a large area,

the glauconltrc ;sandstone .contains oil-bearing zonés.in"its pper:
13 feet, : A relatively barren section lies between approximately
13 and 24.feet but at, or below, 24 feet an additional oil zone may

be expected.  The Pilot, ghaft and Iuray borts have not penetrated

the glauconitic sandstone far enough to test the lower o0il zones,

but they. have established the details of the distribution of oil in
the upper’ sectlon. Unfortunately, most of the other bore logs pro-',,
vide. 1nsuff101ent data for detailed comparisong with-the Pilot Bore - .4

to be méade,; Dbut progress1ve ‘bailing tests were carried out during
the drilling of No.8 Government bore, and these establish an oil

distribution strlklngly similar to .that established in the pilot .

end Shaft Bores, 6800 feet away,. Thé zones: ostabllshed by these

three bores are ShOWn in the following table- .

~n

Major Oll zones Established by Pilot shaft .and SR

O .. No.8 Government Boros,

Pilot'Bore;'w“. o Sheft Bores :~.;l r NO,8 Government Bore.

Q! ,...v4l 0‘"_1 R R 8" - 31 gn BRI 01 .__ 2t
gr 3 ~igron 0 qr oot e ' o T gt B

Not penétrated : .- Not- penetrated ‘f]:,. 57' - 40‘

"D. Sources of Error.

L T In applylng the results of tho ultra—v1olet light exam-
: natlon to the calculation of. oil.content of the glauconitic sand-
stone..due con81deratlon must be. glven to the errors wthh may be
1nvolved. 3.,~ S o :

In the first place, core reoovery from the’ 19' 01"f of
glauconltic sandstone drilled. amounted to only 82.5% or:15'84i" s0
.that the cores provide no record of 3' 4" of the formatlon. Thls
loss is unfortunate, but on analysis it is not as serious as the
flgures suggest. The length and p081t10n of the sections from
which'no core was obtalned are. as follows _

Sect;on. o Core”No. . Depth. below top of '~ .- -Less in. ..
R Glauconltlc sandstone.. . inchese
1. - :v,u‘nﬁﬁgn _' 11 Bu S tléﬁ.
2»’ . ey Lo e LAY 2N a4 24n Lo ",1_:»
B e h ptoggw . gt 5A ol
4 ' - 23 T gt 5ﬁ ST <) P SN P R
LB L 24 t:“f‘ “ 10t 6" .~ 10\ 7" o B T
LB .25 SO qgt oy 13 g 0 AL
e o6 ;]_.5»‘.|. M. =i ]BY QN L _ 3
8. "E27':"‘ :?ﬁ“'*17f‘9”ﬂ‘“ 18’:0W'- -8,

# Exoludlng the" Uppermost 2 inches of hard glauconltlc sandstone».tt

recovered &t the base of core 19, but not 1ncluded in the =~
investigations.. . o T o

O



EBLE L. ;
DISTRIBUTION OF OIL I GLAUCCHITIC SADBTOLE A3 TIDICLUTED i DUAE LOGS.
Direction | Distance from Thiciness of Derth below top of
Bore from 0il Oil Sheilt. Glauconitic rlauccuitic Sandstone Remarks from Bore Logs
Sheft Yeet bandstone et whichﬁpil observed
No.10 Gov. 11, B. 1120 5 Ton Ary )
bt =13t 7 0il observed in cores.
22'44% - 25114
—2' 511 - 361 6(1
No. 1 0il Search e .. 1200 L2 11! -~ 121 6® ;
ol - 26" 6%, 011l observed in cores.
29" - 30' )
Fosters S.5. 500 314 M1 6H “Good oil showing' on cors:
2n.t10% ing; core seturated.
25 - 39!
No. L Pt. Ahddis W 2110 38 . Top )
N JIOI 6&? ’
Mt 6" 0il showings.
25! O -
291 6“
1o. 8 Gov. Wl 6800 40 ok - 2! K
51 - 9! 3 Approximate limits estab-
37! — Lo lished by bailing.
Midwest Mo, 2 . V. 1320 28 1! - Good oilh.
L' <o - 5111 producing oil.
1t 6" - i “Spiendid oil®.
South Australian Nl W 725 324 go? . - “§@£ong oil®,
il Co. No. -3 - ey :
0il Co. No. 7 N N -51 1 — 32' - L iRich oill,

X The information is drawn from records pubilswned by the L.
piled Dby lilneral Resources survey.

Lines Departusnt of Victoria, and from records com-
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There is no rcason to believe that ony 'of thesé sections’
were lost because, they. consisted of, or included, incompetent strata
. which failed to ooreo Seotlon 4 was lost” bedause corg 20 did not
© break off; When the core oarreL wau‘ra7sed, but remainéd standing in’
the holePJ Reoovery of ;the. core was, atfempted Put only the basal 6
inches su;v1ved the p;.ocesM A 51m1¢a 'a001dent occurred with core
21, butia aco liftert was fﬂbhl@ned wom a cyllndrlcal tin and
a 1OO per cent recowery.effbcted””'

. '
; o
f

Section 6, from the base oF coré'25 “was -also lost by
accident, The core barrel was blocked to take 2 feet of core, but
2 'feet 11 inches of formation-were drilled. ..The first 2 feet were
recovered and the remaining 11 inches were ground away. The
remainder of the lost sections fos, 2,3, 4L, 5, 7 and 8 represent
minor losses at the base of cores incurred (aring the process of dry
blocking and breaking thc cores prior to with-drawing the core barrel.

Thcrefore 1t-may bz assumed that those sections of core
which were logu ars eosavtlaLlJ similar to those whiech were recovered
and do not represent or inec Lude any up*ccor'oh phases of the glau-
conitic. sardsto o o

A funther apaLys is of the lcsces shows that Nos. 2, 3, 5,
7 and 8 occ..» in unproductive sandstone bounded~above and below by
rock which is barren or which carries cnlv troceg of oil., Section u,
consisting of 1 incli at the base of core 27, lies in''the centre of an
oil-bearing zonc and has been included 'in the productive ‘sandstone of
zZone 2, APY‘uLth ricant 4*33 f oil-bearing sandstone is, therefore,
limited +to . sections 1 and. &, S

O |

. .ll B . .
Secticn 1 consiste of nbe oopﬁ“ 18'1ﬁches of" ‘core 20 and

probably -includes sowe sandsione cdpable of pr roducing '0il “since the
basal 6 inches re favcfed CODSLSLS of productive sandstone “from zone-
1 (see plate 2).  Howev .1t is probeble that the sandstone at the
top of core 20 is ﬂrfroauctlve'clnce the 2 inches of: glauconltlca
sandstone recoveraed ni the hass of core 19 shoved no traceé of . 01¢.
Section 6, .censlisiing of 1l: 1nches]at'»|o base of core 25, almost
certainly includcs some productive serndrbene forming the ‘Base of ™
zone 3, but no ailowance for this nas wﬁon made in determining the
thickness o the zrne. - Tre total Toss in co“e,Prom seéctions 1 and 6
amounts to 29 wncn@s, bt ulforuunutely there ig'no! reilable ‘basis
for estimating how much: of this| wao‘nrod%cflre, and 1% -is thereforey i
not practicable to apply. a CO“v”CtLQH L;.¢n°'figure of"31. inchés .-
established for the “TgPOJaqutulCuueS “of productive sandstones The
calculation of total 017'content Will’, Lnevefore, be based on the .-
measured 31 inches of anosconc, a_L;oP Uh¢0h nas ‘been e“gmlneﬂ and -
tested for oil, and not on .an esg ulmacoa total Pigure involving'i s
assumptions in both thickness ‘and 0il content: 0T sections not .recovs:
ered,  Bcecause of this, the. lfigures for oil con-ent Wlll tend to be
low rather than high. - L S b '

r
€

&

)]

A second source . of erro - 1i eS'ln app]ylng data obtalned
from the 8 3% Bore to a wide arsa’ offgiaﬂconltlc sandstone.: The.
thickness of the individual oil. Zhres and the agg°e~atn thickness

of piductive sandztonce in the uppprmObG 13 feet of the formation ' -
may vary considerably from placc to place and resujus obtained from
any oneé hole may nei nocessa“LLVNPepresunt uhb average for the area
as a whole. R ‘ ;

Lyt

2. 0only nther drill hole in which an

The Pilct Bore is th

attempt was madc to Geterminc'qccuraxflr Jhpouﬂh saturation tests

on drill .ecorcs, the -azgrecate th¢cknc_. .preductive sandstone, but
this bore fs.only 10C feot .distant from tnﬁ-pﬂaft Bore and the order
of accqvacy;cﬁ the. Ceﬁe¢ﬂ;néthﬁu was not P'én, due *0'-the firagmentdl
nature fofbhe -cores recovarel, .  However, the figure’ obtained fromrithe
Pilot Bove~324qto;3o‘ingles,j“s not, maneJJV’dlLferent ‘from-the noil
minimum 371 inches ‘esfablished at th, H ft gorea Another poss1blv
significaent feature is that the ddllv C11 yield f“om the PilotiBore:
is almnst the some aes that from Tmray Bore, situated 600 fegt!do the
west, This suggests that the reservoir characteristics at the two
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bores are comparable.

i '““fi;%For the purpose of calculatlon of oil content At
Wlll be ‘assumed:-that. the: aggregate thickness of productive T
sandstone”:in the upper 13 Peet -of- the formatlon is approx1mate1y
3L inches, A true average: figure for the area involved cannot’
be obtained from' the data available and therefore any .calcul=-
atinns . based ‘on a thickness of 371 .inches may 1nvolve an error in:
thickness whose magnitude is not known, but which -is probably
not greater than uO per cent. : .

“,V. THE GLAUCONITIC oANDSTONE

A, General

R : .The unbroken cores recovercd from the Shaft Bore .
'prov1de ‘a much cledrer picture of the glauconitic sandstone' than
did the .fragmentary material recovered from the Pilot Bore, An
examlnatlon of the Pllot Bore cores obtained with a. ‘Baker core

barrel suggested that the glauconitic sandstone was not a
homogeneous formation but contained at least three types of
sandstone, varying in grain size and texture. It was-&dlso. con-
sidered that.tiese types graded one into another with no clear
lines . of demarkation. o

v In general the cores from the Shaft Bore conflrm
these ear11er 0bS€PV8thDS; although the variations within the
sandstone are not dependent upon changes in grain size - at.
l¢ast not to the eéxtent, orlglnally postulated. In megoscOplc o
examination, cores.from:the shaft Bore consist mainly of fine-.
grained- calcareous glauconltlc sandstone. The rock is fairly
tough and generally reacts. sllghtly with dilute hydrochlorlc
ac1d. Two varlatlons from thls normal type. can be detected -

PE T

JW1; More hlghly calcareous rock which is dlstlnctly tougher
than the . remainder of the sandstone, prcsumably due to the
hlgher percentage of calclum carbonate in the matrix and which
occurs- in bands or lenses up to three or four inches thlck.-

ii. A somewhat softer and more friable sandstone Wthh occurs
1n numerous 1rrcgu1ar bands and patches but which differs little
in appearance from the normal glauconltlc sandstone. These ;
but tend to grade one into the other, Some of the harder ‘bands
are .clearly defined, but as a rule the more friable material
can only. be detected by scratchlng the rock with a knife., The.
more frisble sandstone may also appear darker in colour but, in
some cores at least, this 1s due to the presence of oil. -

SO - In some of the Pilot Bore cores there appeared to
be eV1dence of numerous thin partings in the glauconitic sand-
stone but cores from the Shaft Bore show no evidence of any
con81stent partlngs in the rock,  Most cores of the sandstone were

" recovered’ in unbroken lengths, but otiers were récovered in.tTo .
or three pieces which appeared to have parted along horizontal .
planes -which may be bedding planes. With the exception of'these
and- ‘of -ope -small. fracture .at the base of core 22 (which may. have -
been caused by drllllng), there is no evidence in the cores. of
faulting, 301nt1ng or cracking in the glauconitic sandstone,

B Petrologva

T - A petrologlcal study of glauconltlc sandstone has
been made by Dr.. F. L, Stillwell -(1+9L4) who. examlned samples of
sandstone from No. | 10 Bore, ‘Lakes nntrancea - From his descrlp-‘
. tion;, the specimens’ examined appear: comparabLe with the normal .
type. of! glauconitic: sandstone found in"the-Shaft Bore., In the_.
report’ on his 1nvest1gat10ns St111we11 descrlbed the m1nera1
assemblage as follows."’< e .
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"The thin sections .revealed that the speciemns from the
. different horizons were closely similar in mineral com-
-position and texture, but varied SllghtlJ in the pro-
portlon of the various congtituents. ~ They consist of
‘pnumerous smooth . surfaced oval and sub-angular graing of
“glaucohite dispersed through a fine- gralned felspathlc _ i
sandstone which consists of quartz, orthoclase, ollgoclase L
and abundant biotite with minor amounts of muscovite, iron
ore, ‘Ieucoxene, tourmaline, zircon and apatite, and in ¥
places calcite, cemented by a greenish to greenlsh-yellow .
1SOtTOpICuSUbStanCG, presumably a2 glauconitic mud," -

Stlllwell s study showed that glsuccnite constitutes. . -
a significant proportion of the rock - the glauconitic mud alone
constitutes over 50 per cent in soéme specimens. Much of the ..
glauconite was ".altered, prior to or during lithification, to
limonite and ferruglnous clay, and ncrmal green glauconite and
altered brown glauconite occur in about.equal proportions.

Oores from the Shaft Bore provide additional dater on
the petrology of the sandstone, since, by means of the ultra-
Tiolet lamp, oil-bearing and non-oil-bearing portions of the
rock can be isolated and examined., Acomplete petrological
and petrographical study of these cores has not beén attempted
but as much as possible has been done in the available time, .
and the results suggest a logical expleanation for the distrib- ...
ution of oil within the. sands+one¢ MaAJ fragmsnts of oil- o
bearlng and. non- 071-bcar1ng sandstone were compared under the
. microscope and other samples were ground to allow a closer
‘- comparison of the mlneral assembldge to be madec e

Comparison of pleces of 01l—bear1ng sandﬁtone wmtn
barren rock shows no apparent difference in mineral content. oﬁaﬂ
“grain-size. In one or two pieces of oil- oearlng ‘rock there may:
have been a slight concentration of larger grains, but detalled
grain size tests Would be necassary Lo confirm this.

: However, under the mloroucope tberu is a_marked"
dlfference in appearance between woil-~bearing and barren saﬂustone.
Oil~bearing sandstoné possess€s a.pelati velm open, even spongy.
texture, whereas barren sands tone = the normal type described-
above - appears tightly cemented and shows comparatively few .
openinhgs, The explenation appecars to lie in the relative amounts
of matrix in the two rock typesa The same mineral ascemblage
is present and the grain size is. approximately the same in both,
but whereas one rock is tlghtly cemented the other his” ‘many open
pore spaces. This may explain why 011mbeﬂr1ng sandsmone 1s more
frieble than the barren rock E

The principal cementing materials in the glauconitie

‘sandstone are glauconitic i 1 and calcium carbonate. As a rule
both rock types show some reaction with dilute hydrochloric acid
and there appears. to be no significant variation in carbonsate
content between oil-bearing and barren rock, On the other hand,
the amount of glauconitic mud pr-=ent in oil-bearing sandstone
- sppears -to be lower than in barren rock and on.this account some
fragments of productive sandstone appear lighter in colou? under
the microscopée, The comp081tlon of this so-called glauconitie
mud is not known but it is presumed to consist mainly of glau-
conite 1n varlous stages of alteration, and flne clay matewlal.
From appearanceq alone ‘ong would expect the 01l—bear1ng
-‘sandstone to possess a distinctly higher porosity. and permeability
" than"the barren rogk. No permeub11¢ v tests have’ yet been’ made on

these cores but. pOLOSltJ tests on selebted samples show' ho signif-
‘icant variation betweeh the two rock types, This presented a
definite anomaly before the p s5s5ibility of planar water being
,'present in the glauconitic de was taken into accoun"t° A discus=-

sion of planar water and 1its 81Un1fjcance in pof081ty determlna—
tion appears 1n a 1ater sectlon- .

I
Yoy
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Ca Orlgln of the 0il Zones..;“,

The general distribution of oil in the glauconltlc
sandstone indicates that the more open textured type of sandstone,
which now carries oil, is consistently found on certain horlzons,
and -this in turn suggests that the pr1n01pa1 factor controlllng
its formatlon was: a depos1t10na1 one.

‘ One suggestlon ig that the production or supply of
glauconltlc mud during the deposition of the sandstone wag not
constant, but varied with time and place. The result was' a sand-
stone in which the degree of cementation varied with.the supply of
fine clayey material to form the matrix, Where glauconitic mud
was relatively plentlful, a clayey matrix formed in the rock which
swelled with planar water and gave rise to a tightly bonded glau-
conitic sandstone of very low permeability. This has been termed
the normal type of glauconitic sandstone and now carries no trace
of 0il, Where the supply of glauconitic mud was irregularly dis-
tributed the resulting sandstone was not entirely cemented but
included patches of rock with relatively little metrix and in
which traces or patches of o0il may now ve found. . Finally, where
the supply of glauconitic mud was relatively:low, beds, -Tensgs- or
- large patches of poorly cemented sandstone were formed ‘and these
on account of their relatively high permeebility and actual poros1ty
ultimately became the prlnclpal reserv01rs for oila

It is difficult to determine the. factors controlllng
the distribution of glauconitic mud sincé 1ittle .is known about its
.constituents and even less about the diasgenesis of the sandstone
itself, . In some shelf sediments bearing glhuconite Galliher (1939}
cites "a gradual change in facies from biotite-rich sands fairly .
near shore to mixed glauconite-mica silty sand further off shore
and a little deeper, thence progressively to- UlauCDDlth mude at
a depth of about 100 fathoms™., The glauconitic sandstone at Lakes
Entrance was apparently deposited off shore as a 511t& sand in an
anaerobic or reducing environment which allowed the glauconite to
~form,  Under these conditions there are numerous factors which
could control the supply and Asstribution of.cglloidal and silty
material, but Purther conjecture can serve no purpose until these
factors are better understood . and the constltuents and pr0pertles
f the glauconltlc mud are better known..d : ‘

It the above deductions are correct it follows that
'the glauconitic sandstone as a whole is' not an oil reservoir but
that it contains o0il in & series of thin. qtratlgraphlcal traps.
The horizontal extent of any one of these beds or lenses has not
been determined but their form, lithology.. and dlstrlbutlon suggest
that they occur as a series of 1rregu1ar 1enses on falrly deflnlte
horizons w1th1n the formation, - : RO

VI. SOUPCL OF_THE OIL.

‘ The source of the oil found in the glauconitic sand-
stone -is not know, but migration from unknown source beds lying to
the 8outh has been suggested., However, the migration theory is
difficult to envisage if the stratigraphical traps within the sand-
stone are disconnected and separated by rock of such low permeabile-
ity. An alternative hypothesis, in which the oil is assumed to be
,of local origin, is therefore suggested.‘w

The work of the Commonwealth Palaeontologist, Miss
Irene Crespln, indicates that the beds with the highest fossil
content in the Tertiary sequence below the Balcombian stage at
Lakes Entrance are the upper micaceous marls and the glauconitic
sandstone, both of which are included in the Janjukian Stage.
The upper marls contain numerous foraminifera and vmallusca with
some bhryozoa, The glauconltlc sandstone contalns large mollusca,’
gbundant fish remains in the form of coprolites and fish scales
and foraminifera referable to speciles found in tha marls. Between
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the glauconitic Jandstone and tne upper marls there are 150 to
200 feet of fine sandy micaceous. marls in Wthh organlc remains
are scarce, : . .

. Traces of oil have been found in the. upper marls, but

migratlon of o0il from these beds through the barren sandy marls

to the glauconitic sandstone below appears unlikely, On the other
hand, there seems no reason why oil should not have originated in
the glauconitic sandstone. The eventual concentration of most of
this o0il in a series of major and minor stratigraphical traps with-
in the sandstone ' could be brought about by the gradual compactlon
of the rock - a process. during which. oil would accumulate in those
sections of the sandstone with a relatively high permeablllty. It
would be difficult or impossible for oil, once collected in an
isolated lens of more permeable sandotone, to migrate outwards
into. rock of low permecability and the oil would thus remain trapped.

VII, THFE SATURATION TESTS,

A, Introduction.

The apparatus used and technigue employed were the same
as for the tests on core semples from. the Pilot Bore and,-as they .
have been described fully in the report (Thyer 1945A) -on those
tests, the description will not be repeated here. -

The method is one of extraction 1n which a sample - of :
known welght is held in an extraction thimble in a suitable solvent
at approximately 100°C, and its water content is evaporated, con-..
densed and collected in a graduated tuoe, while at the same: time
the solvent flows through the sample in the thimble, dlssolv1ng ,
and removing the oil. When the extn ction is complete (usually .
after 10 hours) the thimble is rewmoved, dried at 90°C, and Welghedﬁ
The total loss of weight is egual to the eomolned Welghts of the .
water.collected and the oil lgst. The experlment is completed by
determlnlnv the pnre volume. of the dried sample by the method & .
prev1oule described (Thysr 1945 A) ‘and the water and oil contentS-
are then expressed as percentage SﬁuUlJ+lono, i.e., the precentage: .
of the volume of the pores Ffililed vaspeectively with water and}oila
That portion of the pore volume nct £illed with water or oil is
filled with gas but the expe rlment does NOU gl Ve any 1ndlcqtlon of
the nature of this gas. - N e : : ,

- The porosities determined from the measuroments of pon,
volumes were generallJ comzarahle with those determined previously
on samples from Bore No. 1. (Iayer 1944) and the Pilot Bore =" i@
(Phyer 1945 A) and ranged Pfrom opproylmately 35 to L5 per eent, .
The' quantity of liquid extracted from ihe specimens was sufflclent
to £ill from 7O to 99 per cent Ol the pors- space .

Before proceeding to a general dlSCuSSlOn of the results,
however, it is proposed to examine critically the relation which.
the quantities or water, oil and gas found eXporlmentally ‘bear to
the guantities of these fluids which were present in the samples
when they were in place in the reservolr. It is proposed &lso to -
examine critically the relation that the porosities, as determined :
from the pore volumes of dry samples, bear to the porosities of
the sandstone in situ.

B, _The Water, S S

There are three mair reasons why the quantity - of water
extracted from the semples mlgnt differ from the gquantity that was
present  in them before the ”laUCOﬁltlc sandstone WagE drllled
' namely - . J , ) -
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I. Drilling water may have entered the core
samples during drlrmlng“

~s The samples may have 1ost water through i
evaporatlon,‘ : o ST ﬁf S

3¢ ‘The decrease in fluld pressure 1n the .
cores’ subsequent to .drilling may have qf
caused a 'change in the amount of water:
in the cores, - - o

l., Effect of Drilling Water. The cores from which the sampleshfwﬁ
were taken were obtained by means of a diamond drill in which - ... .
water circulated during drilling operations and there was a
possibility that the fluid contents of the corss may have been
altered by drilling water entering them or flushing out some of
their fluid content. In order to determine the extent if any,

to which drilling water entered the cores an indicator chemical,
namely, glucose, was added to the drilling water and six pieces
of core were later analysed to see if they contained any glucose,
A small quantity of mercuric chloride was added to the glucose
solution to inhibit fermentation. The strength of the glucose
solution used was 0,625 per cent by weight of glucose and the -
sensitivity of the analytical method used was such that 1f 1 per
cent of the pore spaces of the cores analysed had been filled by
drilling water then the glucose in the cores could have been
detected, The analysis was done br Mr, W. R. Jewell, Research
Chemist of the Victorian State Laboratories. Six pieces of core
each 3 inches in length were submitted for test, but in only two
could any glucose be detected and then only in txaces, The
traces were less than 1 mgs indicating that at the most 1 per
cent of the water content of the cores was drilling water con-
taining‘0°625 per cent glucose, .The ccresg submitted for analysis
were not. examined under ultra-violet light to determine whether
or not thy contained o0il, but their selection was based on the
original logging of the cores in which sections cgrrying patches
of o0il were noted, It 1s believed that the samples selected for
glucose analysis included some that contained o©0il and that they
were more or less representative of the whole range of saturations,

From the results of the analyses 1%t has been concluded
that no significant contamination or flushing of the cores by
drilling water has occurred and that the water extracted -from the
samples -does not include any, drlll Waterq

2 . Effect of avaporation., - It is certain that durlng the_a

time that The cores were exposed to the air a small part of thelr o
water content evaporated - the amount depending on the time of '

exposure and on atmospnerlc condltlonsg

The cores were first exposed when they were taken from
the core barrel prior to belng wrapped in w: ed paper and sealed
in air-tight containers, The loss during th.s time would be small,
Some of the cores were later temporarily removed from their con=
tainers for examination at Lakes Entrance, Melbourne and Canberra,
The total time of the above exposures was probably less than 30
minutes. The cores were later removed from their containers, cut
into 3-inch lengths and sealed in air-tight jars and finally most
of the 3~inch lengths were cut into discs about % inch thick and
examined under ultra-violet light,

The total time of exposure for each sample has been
estimated, and the maximum was of the order of 60 minutes, It is
evident that the loss of water through evaporation would be great-
est during the time that the 3~inch core sections were cut into
thin discs and exposed for examination,
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In orger to determine the extent of this loss a test
was made on three samples each comprising sbout four discs of
glauconitic sandstone which had been saturated by soaking them
in water. The discs were placed on watch glasses and exposed
to the air, They were weighed at half-hourly -intervals to a
total of 5 hours, and it was found that they lost water at a
relatively uniform.rate equal to approximately 2 per cent of
their initial moéisture content per half hour,

It is beiieved,LhoWever,:that the loss of water by
evaporation during the time of exposure was greater than the
results of this test would seem to indicate.:

~ This belief is. supported by the saturation results.
on those samples which contained no oil,” It is assumed that,
in situ, such samples were completely saturated with water, When
tested it was found that those samples which had been exposed. for
the longest time had the lowest water saturations thus suggesting
that the difference from 100 per cent was principally due to loss
of water through evaporation., This difference ranged from 1 t0.10 .
per cent and corresponded to almost twice the loss that would have
been anticipated from the results of the test described sabove.
During the test, however; the discs of sandstone remained on the
watch glasses whereas they were laid on paper during examination
under ultra-violet light, and absorption by the paper may have
accounted for additional loss.

3., Effect of Decrease in Fluid Pressure. It was shown in an
earlier report (Thyer 1945B) that the fluid pressure in the .
glauconitic sandstone intersected by the Pilot and Imray Bores
is of the order of 600.  1bv/sqguare inch, and it will be shown
later in this report that there is evidence that under reservoir
conditions the o0il has some gas dissolved in ites

] .

It is evident theréfore that when the pressure oflv
the fluids in the. core is reduced from 600 1b/square inch to . |
atmospheric by drilling that - ' : .

(a) The fluids will expand snd some may be forced
- from the cores. o : L

(b) gas may come out of solution and force ligquids:
from the cores.

It is believed that no free gas exists in the reser-.
voir and that there has been no significant lgsg of_Water_or.q;l
through expansion because the expans@on.cgeff1c1ept$ of 1;qu1ds
are small. On the other hand there is fairly definite evidence
that gas has come out of solution from the o%l gnq forced o
liquids from the cores., The Tact tbat the 11gu1d_produc§d from
the oil: mones in the neighbouring Pilot and Imrgy Bores is over
90 per cent oil is taken as evidence that the liguid, forced out
of the cores by .relief of pressure will.-also be over 90 per
cent oili It has been cstimated that“@he amount of water 1os}‘
by the cores due to the decrease in fluid pressure from 600 1b/
Square'ihch to atmospheric would represent:less than 1 per cent
water saturation. = . : S o

clusions on Water Lost by Cores. It may be concluded

%%om?ggelabove That the gquantity of water in the samples 1s

less than was présent in the samples Wheq they Werg‘;n,plage

in the glauconitic sandstone, the 1ossvbelng,pre;n01pally dgg 5
to evaporation., However, another factorlwhlch nus’t pe-consl‘erg
is whether or not the water collected during extractiin h2:100
X inn enw abpricieble quantity of water of erystallisation or.
%gggglﬁ;oﬁéénypéource other than from tbb interstitial spaces.
This will be discussed in the next sectlon. -
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5 Source of Water Extracted., It is believed that the water
collected during extraction at 100 C. was predominantly free
water, i.e. not chemically combined in any of the minerals in
the sandstone, but there is a pOSSlbl]luy that some of ‘it may
have been water of crystalllsatlon of one or+more hydrated '
minerals in the sandstoneo

It was shown earlier in this report that the
glauconitic sandstone contains o few hydrated minerals of which
glauconite, ferruginous clay (derived from alteration of glau—
conite) and other alumino~silicates which may constitute part
of the glauconitic mud, form a significant proportion of the
rock, It is proposed therefore o discuss uhe dehydratlon pro-
perties of glauconite and dlay, -

(2) Dehydrstion of Ulau00p1te - According to Ross (1926)
and Takahashi (1939) who have published dehydration curves for
this mineral, dehydration commences at pchvvmately 70°C., but
between this temperature and 100°C., the temperature to which
the samples were subjected in the extraction apparatus, the
weight lost by their sample was less than 0.5 ver cent. However,
much of the Lakes Entrance glauconite has unde gone alteration
and 1t 1is not certain that dehydraticn of. the altered glauconite
would commence at a temparature as low as 70°C, In addition it
was possible that the sandstone contained mirerals other than
glauconite Whlch lost water of crystallisation at low tempera-
tures,

It was decided therefore to carry oult tests to determine
the way in which the glauconltlc sandstone as a whole lost
water at varlous temoeratureeﬂ

A sample of glauconitic sandstone known as a result of
examination under ultra-violet light to be free from oil was
ground until the larger pieces were the size of wheat grains.
The sample was then carefully packed inﬁo a glass tube about
20 cm. long and .2 cm, diameter and the. cnds secaled with pluss
of cotton wool held in pl ce by cork gaekvte, Dry air was
passed through the sample, and sample and holder were weighed
from time to time as the experiment progresscd. The temperature
of the air was regulated by passing it through a heater placed
in the circuit between the sample tube and the initial drying
tubes (containing CaCly).

The temperature of the air flowing thﬂouam the sample was
read by a thermometer placed in a special compartment immediat-
ely preceding the sample tube, which was lagged with cotton
wool. A sketch of the apparatus is shown in figure 1 and the
results of the test wre shown in the form of a curve (flgurej
2) giving the weight of the sample at various times and the
temperatures to which the sample was sub:2cted, It will be
seen that the sample lost 15.9 gm. of water over the first 8
hours drying at room temperature (1L to 16"0) the weight re=
maining constant thereafter during a fur:sher 12 hours. drying
at this temperature. The temperature was then raised to LOSGC,
for L hours which resulted in the sample losing .a further 046
gm. and further small losses of weight occurred as the tempera-'
ture was raised by successive steps to 1060C. Drying was main-
tained for several hours at 106°C, e ‘ E

" Upon completlon of the drv1ng test “the por051ty
of the 1arger fragments was determined. The-total loss in
water amounted to 17.2 gm. which represents. an 1n1t1a1 water:
saturation of 68 per cent. The volume. of the Water lost
between MOOC. and 1069C, was 4.33 C.C. which is equal’ to about
5 per- cent of the toual pore volume of t%e samp"e°

ye g
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. 1. .Tt is believed that the correct. interpretation of the
results is that nonc: dr at the most 'arvery emall part, of the.
vater ‘logt was . water Of erystallizsation;. there vas certainly no
sudden change in-the water-~loss characieristics at and above,

70°C, at which temperature glauconite is said to commence de-
hydration. It is concluded therefore that none of the .watepr .
collected in the oil extraction apparatus at 100°C. is water of
crystallisatione R Y -

(b) Dehydration of Clays and Related Minerals, Clays and
related minerals (alumino-silicates) are essentially colloidal,
iscs their behaviour is determined by the state of division of

-the particles and the surface reactions of the smallest grains,

In crystal structure the alumino-silicates can be classed in .

~three simple structural groups, namely fibre structure, micaceous

structure and framework structure, Clays contain all three types,
but, in the smallest size particles, micaceous types predominate
and are likely to determins the behaviour of the mixture, Kelly,
Jenny and Brown (1936) have studied the way in which soil colloids
and minerals retain water and have explained their results in
terms of crystal. structure. They may hold water as

- (41 crystaliwater,
(ii) broken-bond water,
(iii) planar water,

o Crystal water or water of crystallisation is incorpor-
ated in the crystal structure; is very tightly bonded and usual-
1y requires high temperatures (e.g. 500°C. for kaolinite) to

S Water attached to clay minerals which may be driven off
below 350° to 4009C,.-is usually bound 50 the surface of the
sheets or framework structures and is therefore classed as ad-
sorbed water, = The nature of the surface determines the strength
of the bonding and the temperature at which adsorbed water will
be driven off, o

The broken-bonded water is that which is attached to
broken areas of framework structures and edges and rims of
micaceous crystallites and requires temperatures of the order of
3009, to remove it v ,

Planar water is not rigidly bonded to the clay miner-
als but is held by weak electrostatic forces on the tops and
bottoms of the flat plates of micaceous crystals (crystallites).
Water held in this fashion may be evaporated almost as readily
as free water, It is the adsorption of planar water which
causes swelling in clays when wet, When clay is dry the cryst-
allites are bound closely together but when water ls added,
molecules of water migrate between adjacent crystallites and
force them apart,

That clay or at least some mineral or minerals capable

; of‘SWelling when wet exist in the glauconitic sandstone and

particularly in the cementing material ls supported by the
following facts.

i,  Stillwell states that much of the glauconite has been

‘altered during deposition to limonite and ferruginous clay.

This statement refers specifically to the observations made
on the grains of glauconite in the sandstone but such alter-

ation almost certainly is present in the glauconite content of

~ the glauconitic mud,. '

ii. The removal by powdered glauconitic sandstone of the
colouring matter from.solutions of Lakes Entrance oil in petrol
and also of the colouring matter from coloured petrol suggests
the presence of clays or related minerals Wwhich are strongly
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adsorbent, According %o R.H. Grim . (1939) Mit is well—known that al-
most -all clays with a high. ability for removing the colour from oil
are composed ‘of members: of the montmorillonite group or.’ dertaln
types of illite, " lembers -of . these two groups are composed of

micaceous crystallltes and are capable of taklng up large amounts of
planar Water. : g ‘ _

111. The rapld decrease of permeablllty in. glauconitic sandstone
with a high glauconitic mud content with 1ncreas1ng moisture cone-
tent suggests the presence in the cement of material that swells on
Wettlng. ,

. ThlS was demonstrated by permeablllty tests on samplés’ of
]glauconltlc sandstone from Bore No.1lO0 at various moisture contents,
Two different types of glauconitic sandstone were tested. The first
type - a relatively coarse-grained sandstone from the lower section
of the-coreés. With relatively little cementing mud - showed relative-
1y 11ttle decrease in’permeability with added moisture, The second
type - a relatively fine-grained sandstone containing up to 50 per
cent glauconitic mud - showed a relatively large decrease in oermea—
bility with added moisture., This fact has been used elsewhere -
(Thyer, 1945 B) to explain why large sections .of glauconitic sand—
stone exposed in the Pilot Rore do not yield wauer, although, they
are known to be saturated with water at a reservoir pressure of
approximately 600 1b/square inch, It was assumed that ‘the swelllng
of clay-like grains in the glauconitic mud hag reduced the permea=
blllty to zero,

ive ‘The fact that the average compressive strength of wet glaucon—
itic sandstone is only half that of dry could be explained by the
presence in the glauconltlc mud of clayey particles containing '
planar water which reduces the internal resistance to shear.

(c) - conclusions. It is concluded therefors that therc are, .
in the glauconltlc sandstone,'claJ—llke minerals capable of taking
up planar water, It seems probable that a significant proportion
of the water extracted from the samples may be planar water adsor-
bed by the surfaces of crystallites, It is not possible, however,
without further and very detailed work to determine what percentage
of clay-like minerals is present in the sandstone, Further there
is no way in which the relative amount of planar water in a sample
can be determined, S

¥

Ce - The Qil,

When the cores Were vlthdrawn from the core barrel patche-
of 011 Were observed on certain sections of the cores, but after the
cores had been wrapped in waxed paper in sealed containers for some
time, these patches were no longer visible in ordlnary light al~-
though they fluoresced. The waxed paper appears to have absorbed
this surface oil as is evident from olly stains on.the paper, but 7.
is not 1likely that this absorption removed any significant portlon
of the 011 from inside the cores. .

The guantity of oll extracted from the samples was deter
‘mined by the difference between the total loss of weight and the
welght of water collected, the maximum for any sample being 0.68 g
In samples which, as a result of exemination under ultre~violet -
light, were known to have no oil in them, the maximum dlfference
between the loss of- welght and the weight: of :water collected was:
0,03 .gm, In the average sample Oa 03 gme mould be equivalent to an
oil: saturatlon of’ approx1mately 045 per cent which can be regarded
as the uncertalnty in ‘any single determlnaulon.

- The oll found experlmenually‘ls called residual 011 and k3
saturatlon based on this quanulty is called residual saturatlon.

NICO The quantlty of oil in a- sample may differ from the quan*
tlty present in. the rock "in' sitw for the: lolloW1n5 reasons = i

1. 0il may be flushed frOm the COP@S by dfllllng wetel.f"l
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ii.’ 011 may be lost- tthLﬁb evaporation and by absorntlon of
wrapplng paper, : .

iii, 'Decrease in flu*d pce sure in the cores subséquenﬁ to.
drllllng may have result d in a2 loss of fluid contentss .;

The glucose- uest d Dcrlbcd in uhe pfecedlng sectlon
indicated that none of the drilling water entered the cores, so .
that loss of oil by flasnl g is regarded as negligible, The 1l0ss
through evaporation is alsc considered negligible because Lakes
Entrance oil has a low vapour. pressurs at ordinary temperature,
As already stated, it is believed that 0o significant loss has
-occurred through aosorption of Tthe wrappling paper.

On the other hand it is recagonably certain that 011 ‘has.
been forced from the cores by gas coming oubt of solution from the
0il as the pressure dronced ‘rom reservolr pressure to atmospher—
ice As the oil/gas ratics debermined for the Imray and Pilot
bores and described in a later section of this report, are suff-
iciently low to permit ¢f an assumphion that all the gas would be.
in solution under regervoir conditions, it has been concluded
that the volume of the oil lost by relil el oc pressurekls equal to
the volume of the gﬂs Whl h has replaced it,

Ds The Gas.

SN ‘ ‘ ‘ I ‘
DA The gas s°tuLaulon of the cores has been expressed as
the percentage of the veoids not filled with oll or water. The
'com9051t10n of this gas was not determined during the experlments

‘but it is reasonably certain that it comprises two main components
D ’

.

- namely air and methane, The air heas entered the samples to. reéplace

water which has been'lob uhrongh evaporaticn, and the volume of
air in any sample will be equal to the volume of water which the
sample has lost from this causc, It is assumed that the mcthane
has come out of solution from thc 0oil in the samclesoA

_ : At the time that the S°+u;ﬁ*ﬁop tesths were made there
was no- direct evidence that gas was produced with the oil from any
of the bores in the Lakes Entraan Area. However, 1t was realised
that the quantity of gas might have been very small and mlght have
escaped detections 1In the cores freow the shaft Bore.- small gas
bubbles emerged from some of the JJ" patcehes shertly after the
cores had been removed ffom.thc cores barrels This is accepted as
evidence that the oil in sitwu hag- =2 cc,tain amount, of gas dissolved
in it. 1In order to check the regults of these observations it was
decided to make measurements .on the filet sad Imray Bores to
. Qetermine whether gas was belnu plﬂd’Z,ﬂ antd, if so, in what
quantities. ' Lo

1, Tests for the Producclon o Gac

a. Procedure, The Pilot.. aﬁd Infay hores are C&de w1th
unbroken strings of casing From the surface to the top of the
glauconitic sandstorie into Whlch‘uhv casing 1s cemented. It was
believed, therefore, that if, at each bore, the top of the casing
could be tightly sealed it wou“d te posowolc to measure the rate
of flow of gas, It was realised that there wgg .a: strong posslb—
ility that the joints in the casing might not: be gas—tlght
especially near the surLaccy ugd a substantial leakage mlght oceur
through them, However, it was belleved that. even if such leaks
occurred it would be possible to get sufficient data to determine
whether or not gas was belng produced with uhe 0il although
quantitative measurements mwg % .not by accurate, . The bore casing
was sealed with a tapered wooden plug  hammered Ilrmly into place,
and the seals compléted with plasulc clay and finally gasket
cement. An outlst tube in-the wooden plug was connected by
rubber tubing to a flow-meter graduated. from 0 to 1 cc/seca It




was found thatithe flow-rate increased steadily as the pressure §
inside the casing built up, but the pressure bulld—up was actelers
ated by artlflclally increasing the pressure in the "casing until a
pregsure was. reached at which: the flov-rate was constant over
several hours.  During the tesa records were kept of barometric
pressure and air temperature. The flow-meter was then removed and
the outlet tube coupled to a waber manometer, If the casing had
been completely sealed .the pressure read on the manometer would
have continued to increase as gas and fluid entered the sealed
casing. = However, it was found that the "sealed-up! pressure d1d
not:continue to rise above a certaln limiting préssure, thus S
indicating that gas was 1edk1ng shrough the. casing. . ,'_. M'““w

b, Results. At the Iﬁrdy Bore the flow rate was™ found to be
constant at .98 cc/sec. with a pressure drop of 7.75 1nohes of
water across the flow-meter, The ”Sbalbdmub” pressure fas only 8,7
inches of water above atmospheric indicating that the- 1eakage:7
through the casging was congiderable, Assumlng that the leak through
the- casing was non-turbulent, i,e. the rate of leak Was pTOpOPtiORP
al to the pressure alfferentlar, it has boen calculated that, for
the pressures and rate of flow given above, the amount of dae flow—
ing out of the cqsing at meSpherlC ‘préssure would- oe 9 900/5@0‘
From the known rate of productlon of oil and water it'was: calcdlw
ated that the liguid rising in the casing would be dlSpl&étﬂg wae
at the rate of 0.M8cc/sec, and therefore the amount of gas produced
would be 9,72cc/sec. The rate of oil production at the time of the
test was 0.l4cc/sec., and the gas/oil ratio therefore, eouals,&;%% =
70cc/cc. - There was ev1dence, however, that the rate- ‘of .=
production of gas, and presumaebly oil and watél, vas ndt -constant
during the- time over which the test was made, .. The gas/Oil ratioy
as given above, is therefore subject to a very large possible errar.
Nevertheless the fact that the flow-meteér shofved a dlSChnge of 'gas
at least five times as grodt as the."abe at ‘which gas would be -
LlSplaced by ligquid rising in the casing is” definite evidence that
.gas of at least this dmount was belng pnoduced from.the formﬂtlon
exposed in the Imray bor ST AT

v At the Pilot Bore the flow—Mpuer showed 2 steady gas
"dlscharge rate of 0.7bcc/sec, With a presoure drop of 5,9 ineches of
" water across the flow-meter, This rate was constant within narrow
limits (.72 to »78) during the twelve hours over which th& test was
made, The "sealed-up" pressure continued to rise until the mane—
meter stood at a pressure 24 inches of wWater above atmospheric when
the plastic clay seal broke. However, _the rate of pressure build—
up had been noted at various preusuros and it was possible to. estim—
ate the value to which the "sealed-up" pressure would have risen
had the seal remained intact, It was estimated that this pressure
would have been approximately 25 inchesg of water above atmospheric,
The large difference between the pressure at which the flow-meter
discharge was constant and the "sealed-up!" pressure indicated that
the leakage through the casing in the Pllot Bore must have been.
small in comparison to the discharge rate of the flow-meter. (al-
culations show.that the total discharge of gas.from the bore at
atmospheric pressure would be 0.96 cc/Sc,cc At the time the tests
were made the total liquid production was at a rate of 48 plnts ver
day, il.es 0.816cc/sec., of which oil Was squal to: 0s19ce/seecs’ It

. 1s seen, therefore,,uhdt the flow-meter showed & dlscharoe of more
than double the rate at which liquilds vere entering the oasing, thus
providing definite evidence that some gas weas being ‘produced from
the formation exposed, The ges/01l_ ratio found experimentally. was
approXimately 4,0@0/00,- . s o

. Ca Conclu51ons@. The tesus o;ov1do dmple evidence thatvoas is
produced with the lirquids Tfrom tae glauoonlulc saadstone. .No
samples of the gas were taken but it . is “believed that the gae
produced is substantlally met hane.l (A ‘sample of “zas was .obtained
subsegquently from the .thaft BOfu and on, aﬂalJSlS bv the Victcrian
Mines Department showed 98,8 Ler “cent methane, 0+8 per:.cent nitrogen,
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O,2 per cent COz and 0.2 per cent oxygen.) The only .gas which
has been known to occur in appreciable gquantities in the ‘

"glauconitic sandstone or formations adjacent to it has been‘

proved by analysis to contain approximately 90 per cent methane, -
However, there is very little direct evidence on vwhich to base:

8 claim that the methane is in solution in the oil, - The main
reasons on which such a claim could be based are — SRR

i, Methane is very much more soluble in oil than in watere

1i, sSmall bubbles of gas were observed emerging from those
portions of the core which were covered by oil when the core 'was
first removed from the core barrel, but no bubbles were noticed,
and gas was evidently not present, in those sections of the core
which contained no oil, ' S

iii.' The saturation determinations for those cores which con-

~*tain no oil indicate that the formations from which these cores

were cut are completely saturated with water in situ, and that no

‘free gas was present in them, On the other hand the saturation ' -
determinations on those cores which contain oil showed that a- s

significant proportion of their pore spaces contained gas,: - -

N The low gas/oil ratios found for the Pilot and Jmray Bores
suggest that if this gas is methane it must have been completely
in solution in the oil under the existing conditions of reservoir
temperature and pressure, The saturation results of cores con-:: .
teining oll are consistent with the theory that gas is in solution
in the oil and that the act of coring reduces the pressure;in/ the .
cores to atmospheric, thus allowing gas to come out of ‘solution
and force liquid from the cores. S

Ee POI'OSthn ‘ . . } v. ) EEREA I "-"': "::::

. Petrological examination of glauconitis sandstone from Takes
Entrance by Drs. Stillwell (1944) and Rdwards (1945) has! not.:

- fully explained the reason for the excepiionally high porosgities .
_~Which have been measured, o

Microscopic examination by Stillwell of thin sections of
sandstone showed that many of the glauconite grains exhibited:
shrinkage cracks which in some grains constituted 30 to 40 per-
cent of their volume. The shrinkage probably occurred during:
lithification and, according to §tillwell, it is doubtless a
factor contributing to the high porosity of the rocks, but he’ -
concluded that the shrinkage cracks obsérved in the sections-would
account for porosities of only about 10 to I5 per cent, whereas thes
average porosity of the samples he examined was 36 per cent,

‘Edwards considered that as there are no obvious cavities in

_the rock sufficiently large to account for porosity of the order
‘measured, "the pore spaces can only bec accounted for as due to.

incomplete compaction allowing the existence of sub-microscopic
openings along grain boundarieg and in the glauconitic nmmd -
cement", Ldwards has concluded, however, that "it may be doubted
whether the measured porosity is the true porosity of the rock

in its natural state because even air-drying of the rock may

cause .shrinking of the natural cement thus increasing thg vorosity.-
of the rock considerably." " : T

The correctness of Rdwards' conclusion would appear to
depend on his definition of porosity. If he considers.the

..spaces occupied by adsorbed planar water in grains of clay or

similar minerals as being part of the sgolid structure. of those
grains and not as interstitial spaces contributing to the total
porosity of the rocli, then the swelling of the grains would
cause’'a reduction in porositys - If such & reduction is accepted
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there is. . need for defining two porosities for each sample; one.
which might be defined as the absolute porosity ‘and incorporates

the ,spaces occuplﬁd by plenar vatel, and: the- other which will be
called the actual®™ porosity which is based on the interstitial
spaces remaining when the 001101dal grainsg, expanded by the addition
of planar water are con51dered as SOlld partlclcs, .

In attempting to apply the.- results of expcrlments such as
those by Dunlap (1938), Leverett and Lewis (1941), van-Wingen (1938)
and others on the flow of oil-gas-water mixtures through a perMcable
mediunm. such as the glauconitic sandstone, the spaces occupied by
Planar water -in the grains could not be donsidered as interstitial
spaces through which flulds could flow, but as part of the solid-
structure of the rock., The porosity of the glauconitic sandstone
corresponding to .the porosity of the samples used By the above:
experlmenters would therefore be the actual por051ty as deflned above.

- For the same reasons when epplying decductions such as those
concernlngﬂthe residual oil saturation found in cores from ‘producing
formations it will be necessary to consider the expanded grains-.as
solid partlcles and to consider that the planar water 1u not part ‘of
the fluid content of the pores,

It is concluded therefore that the poros1t1es measured
experlmentally and given in Table 1T are absolute. poros1t1es, but’
.. that when reservoir behaviour is considered the reservoir porosity
will have: to be considered as lower than the absolute and equal to -
the actual porosity as Qefined above,

The absoluce porosities of the samplee tested were of the
order of 35 to 45 per cent, and a comparison of the porosities of
01l—bear1ng and oil-freec samples shows that there is no difference
~ in absolute porosity between theme .

A direct comparison was made between the absolute porosit-
ies of oil-bearing and oil-free fragments taken from the core
- between 1201 feet 4} inches - 1201 feet 10% inches which, under exari-
imation by ultra-violet light, showed oil oonflned to small patches .
throughout the core. By careful splitting, it was possible to isol=-
ate two samples, one of oil-free glauconltlc sandstone and: the other
of glauconitic sandstone containing oil., The absolute:-porosities
were found to be 37.5 and 3842 per cent respectively.

: . On the other hand mlcroscoolc examlnatlon suggests that

'the actual porosities of oil-bearing and barren sandstone may differ
because the oil-bearing samples have a more Open teXturc and. a. lower
-glauconitic mud content than is evident 1n barren samples. ' :

- It follows that the 01l~bear1ng portlons contaln less clay '
or clay-like particles than the barren portvions with a result that
there are fewer grains-to swell when wet, The oil-bearing portions
have therefore a greater actual porosity and a greater permeablllty
under reservoir condltlonS"th"ﬁ have the barren bortions. o

h'e

& The term "effective porosity" is not used-because it has a
different meaning, viz, the vorosity based on interconnected voids.

- in the sample and excluding voilds completely sealed . ond thepoforc L
‘not capable of holding reéscrvolr flulds or..exer clging an influence on s
fluid flow through the rock~ o . o - S -

» Txperlmental ev1dencc from the study of res1dua1 water and
0il saturations of numerous drill cores from producing “formations in
the United gtates has -shown thqt the residual ‘oil aturatlon of such
cores is seldom, if ever, les than 15 pel cent.



QBSULLs OF SATUSLTION TESTS

Porosity Saturation Apparent Grain
Semple (Absolute) . (Per cent) Density. Density
Per cent
cil Jater Total

1200 7% - 1200' 9F L7.6 8.6 72.5 81.1 1.53 2.9%

1200' 9%  ~ 1200! 10" 19. 6 5.6 82 87.6 1,149 2.95

1200' 11¢ - 1201" L2.6 o3 85 89.3 1.69 2.9

1201" 33 - 1201"' LiM 37.8 b 79 83.1 182 2. 9L

%1201 it - 1201'10%" 37.5 _— = - Jn 2.9
b1201* 52 - 4201' 8iM 38,2 e 9 70 74.9 1.79 2490

1201 0" - 1202' 14" Ll 3.5°  8L.5 88 1.58 . 2.8

1202' 5 - 1202' 6 Wi.5 5.0 82.5 87.5 1.59 2.86

1202t 7%~ 1202' 10¢ Lo 6 0 90 90 1,59 2.87

1203 6%" - 12037 73" 39.7 1.3 92 93.3 1. 74 2.90

1203' 8% - 1203" 9" 35.7 0 98 98 1:90 2.94

1204" A2 ~ t20Lt 7&" 47.8 0 91.5 91.5 1.59 3. 05

1204t 78" - 204t 8 L7 - 0 98 98 1.60 3: 03

1205" o - 1205114 L3.3 0 92~ 92 1.64 2,89

1206 5" - 1206' 6" 40.9 2.5 92 M. 5 1.68 2.85

1207 ~ 1207 1w 39.5 5.5 86 M.5 1,75 2. 90

1207f L¢ -~ 1207! 5" 36,2 7.7 81 88,1 1. 87 2.8

12071 5% - 1207' &Y 35.0(39:4) 5 S(5.1,(80) o5 S(85.1) 4 g 0. 75(2:90) #
1207 6V - 1207" 7¢ Wyoly 11.6 72 83.6 1.65 2.97

1207" 7" - 1207' 8%. h2.7 5.6 81 86.6 1:65 2.88
1208'117 - 1209' 1% 39.6 0 98.5 98.5 1.77 2,91

1209' 94" - 1209'10L* 3645 0 99 99 © 1.80 2.8l

1210' 98% -~ 1210'10%¢ 35.4 L. 5 71 755 1.9 2.95
12101103" - 1210'143¢ 57‘2(3&) 9;%10'8%3,é69> 73,4(79'8) 1¢91 3.05(2°9O) #
biggq 4w - 1211t Lo 39. 5% 6.0 30 86 1474 2.86

1212t 5 - 122! GL" L4 L0 50.5 8L. 5 1,69 2.88

12121 64" -~ 12127" 8¢ L1.2 12,2 73 85.2 1.65 2.80
1213111 ~ 214t 14w 10,8 3.,6% 89 92.6 1.67 2.83
1215t 30 - 42150 4T 2Tl 0 99 99 .. 2.1 2,90
4216t 4t - 4216 ELN 12,8 a6 92 93,6 1,69 2.96 |
12161 130 - 216" 24¢ w85 97.5(89) g7.5(89) 1.60 2.7,(2.90) #
1216 2Lt~ 216" 3L L3 0 oL ol 1.62 2.86

12171 8" - 1217' o 36 5.2 90 95.2 o 4.8L 2. 87

1217 9t -~ 1217"10 39.8 2.8 79 81.8 1,82 3.02

Selected oily fragments. _
e) Doubtful oil - no coloration of solvent noted.

gag Selected non-olly fragments.
£ Values in breackets are based on grain density of 2.90.



= 2% -
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* " In the early stages 6f the investigation selection of
samples was-based on the distribution of oily patches observed on
the surface of the cores when they wereé removed from the core barrecl
but, as-the eXamination under ultra<violet. light proceeded, it
became’ evident that-the position of thege patches was, not.a -~
reliable indication of the occurrence of oil-bearing . sandstone. " As
a result the selection-of .the sanmples in the later stages of ‘the ! -
investigation was based on the results of the examination under '
ultra-violet light, and only those cores of which an appreciable " -
portion of their surfaces fluoresced, were tested, . Most of the -

samples which had oil:in them were'selected in this way, '

The average. size of the samples was equivalent to 1 inch
of core length and the average weight was 27 grm.- From.imost of
those samples in Table II with core lengths greater-thanjl% inchesy
a portion representative of the whole length was selccted and
tested, However, in the few cores which were recovered as frag-
ments, the selection was biassed in favpur of oily fragments, but,
where the results of such tests have been used in the calculation
of 'the average saturation of the oil zones, allowance has been
made  for this non-representative- selection, L

L The samples were broken into pieces the size of small-
peas’ to facilitate the extraction of oil and water and the aver-.
-age.time required for extraction was approximately 1l hours. . Thae-
results of the tests are shown in Table II, which includes the - -

. 01l and water saturations of 33 samples representing 4 stratigraph-
. .ical thickness of 45% inches out of a total of 2301 inches of -

* glauconitic sandstone intersected by the shaft Bore. Of the--

+ 1854 inches of sandstone not tested:no core was obltained.for 40

- were not considered necessary.

“inches, and the ultra-violet ‘light  examination showed that the . -
remainder. contained so little oil that saturation determinations’ :

. Of the 33 samples tested, 10 contained no oil and 23 -
. contained oil but two of them maybe doubtful determinations.  The
10 samples which contained no o0il represent a stratigraphic -
thickness of 14 -inches, and their water saturations renged between
90 and 99 per cent and averaged 95,5 .per cent., The average was
somewhat higher (96.5%) for those samples that were not cut into
discs for ‘exposure to ultra-~vioclet light, but those which were. cut
. and exposed averdged about. 93.5 per. cent, It is assumed that if
no loss of water by evaporation had occurred, the water saturation
of the 10 samples would have been 100 per cent, from which it

" follows that this loss varied between 1 and 10 per cent and was

greatest in thqse:gxposgq_for:the greatest length of time,

The 23 samples which contained oil (including the two

'ALPdQubtful ones) represent  a stratigraphical thickness of 31%

inchese  'IT the two doubtful ones are excluded the thickness

is 26 inchesy Their oil saturations ranged between 1.3 and 12.%
per cent, Ten gamples ranged between led and 4.5 per cent - .
(including thée two. doubtful ones), nine between 4,5 and 7,9 per
cent and four had values in excess of 7.5 per cent, The average
of the 23 samples was 5.4 per cent.:. Their water saturations
ranged between 63.5 and 92.0 per cent and averaged about 8l .per

_ cent. Their total liquid saturations (water plus oil) averdged
8644 percent, .The difference between average total.saturation.,
+ -and 100 per cent is the average gas saturation, namely 13,6 per

. cent., The gas is considered to be partly dir which had re-
placed evaporated water and partly methane which was in-solution-
in the oil when the samples were in situ, When the fluid- 5
pressure.was decreased from reservoir. pressure to at@ospherlc%
during drilling, the methane came out of solution and forced .
0il and a small amount of water Ifrom the cores., The average



‘air suturatlon is- estlmated at approx1mately 6 por cent and the
average methpne saturatlon 1s conuoquently 7.0 per cent._ It is

lJ 1f not wholly by 011 ----- and lu 1s concluded that the
il aturatlon in the- rocks’ 1n ‘situ would: be 5.4 plus 7.6

rTCEnt It is admitted that this conclu81on is-based on
assumptlon ,whlch may be somewhat faulty through: lack of dlrect ‘
evidence or ‘misinterpretation of"such evidence: as there is. It is
believed however that the ‘conclusionis substantlﬂlly correct and
that it provides a satlsfactory basig for. determlnlng the fluld con=
uent of the reservoir rocks in 31tu. :

' ' : The prellmlnary oxamlnatlon under ultra—v1olet llght
reveﬁled ‘thet- even in the 011—bear1nb samples, only a portion of.

- the sandstone contalned 011._ In six samples, the 01l—bearlng portion
was in excess of 95 per centof the total but in others it ranged
from 30 to 80 per cent., Calculations based on the assumption that
the 1atter samples contﬂlnod non-011y portions with a water dnd gas
saturation of 95 and 5 per .cent reupectlvely, and that all the oil
and the remainder of the gas was conflned to the oily patohes, gave
oil saturatlons ranging up to 16, 7 per cend: (ulX were in excess of
11 .per cent) and averaging 9.4 per cent, and water and gas satur-
ations averaging 67 and 23,6 per cent respoctlvely. These values
_more nearly represent the true saturations of the oily portlons of
the glauconltlc sandstone than the values tabulated in Table IT,
but those in the table prepresent the average saturation of the =
" samples as a whole, i.e, including any portions which are 011—free,
and therefore they have been used  in estlmatlng the total quantity.
of 0il which is present in the oil. zonesa '

In order to determlne sqtlsfactory averages for oil,
water ‘and gas saturations for use in the calculation of o0il: content
of the 1nd1v1dual oil. zones, the fOllOMlnb procedure was adopted -

i+« The- neasured or Le81dual ©cil, .wvater and gas s&turatlono of those
samples whose grain densities wero notably différent from 2,90 were
adausted,- The grain density varies between narrow limits throughout
‘the glauconitic sandstone and tends to follow-‘a fairly. uniform -
Adlstrlbutlon. Values substantially different from those of " ‘adjac=
ent .samples are regarded with suspicion and probably. 1ndleate errors
in determlnlng the grain volume during por031ty tests, In sucH-
samples the grain. volume has been recalculated from it's welght ‘assum~
ing a grain density of 2,90 (which is regarded as an average'gpain
density), and the pore volume and satufatlons of “the orlglnal ';
samplep recalculated. . = : : : L

ii, It was assumed that the sampleo hwd 1oot vater prior to test-
ing and a loss has been allotted to. each. sample, The loss was due
principally to evaporation, and the factors con51dored in. arr1v1ng
at the loss from this cause were the time the samples wéree€xposed
“to the air and. the. average watér saturations:of: those samplee which
had no-oil in them, ~In addltlon the samples. probably 1Qut a small
qpantlty of water due to gas coming out .ofisolution from the oil
during - drllllng and forcing oil and a umall qpantluy of water from
the pores, “The: total loss.has been expressed as;the percentage of
the pores_fllled with the air Wthh has replaced the water lost and

rangeS'f o & 5 to 8 per, cent

?oue S&NPleo whlch combrlsed fraamented ‘tore frem whlch
-the selegs on-of pieces for testing had- been bigssed in favour of
oldy.. pleces ~Lhe saturations detérmined experlmentally were ad-
Justed by assumlng that ‘the orlglnal sample comprised 80 per cent
0114bear1ng rock, .the remalnlng 20 per cent- havlng water and gas

saturatlons -of". 95 ‘and B ner cent respectlvely. S L

111, "_f'I

ive 0il, water and gas saturations, 90*051t1es and water 1osses
were allotted to those portions of the oil zones for which no

-



Ta3LE 11
THE AVERAGE SATURALIONS OF THE OIL ZONES.
Zone Sample Sample Porosity Percent Water Estimated
No. lenbum Saturetion loss ~ X Seturation
(inches) oil water percent of samples in
Situ.
o NIl D7) water &
1. x., 1200" 6° 1200 74 1 110. 0 L.15 8L 2 5.0 .
s&. 1200 71 1200 9* 2 L7.6 6.9 770 5.0
1200% 9 120011 0" 1 LS. 6 5.6 82.0 5.0
y. 120011047 ~ 1200'41% Z 1.0, 7 5.9 78.0 5.7
b. 12001117 — 1200'11%7 g 12.6 5.0 83.5 5.0
c. 12017 L~ 1200! u— i 37.8 5.7 75.0 6.0
X, 1201 Lt ~ 1201 51" 1 1.0. 0 L.15 8L. 2 5.0
g&. 1201153 " 201" 7 ¢ e = Q
a. 1201 7" 1201! 8“ 2 56.2 2 75-0 70
x. 1201'8% " — 1201° 9— 1 Lo.2 e 15 Bli.2 5.0
X. 1202! 18 _ 1202 21' % +0.0 Le15 8l.2 5.0
d. 1202'5% "~ 1202 6 i Li5 3.0 75.0 5.0
Weighted averages for 1" (total thickness 11%) 2.5 5.12 79.7 5.5 The8 85.2
2. e. 1206' 51" —~ 1206' 6" i 40.9 33 90.0 L.0
x. 1206'11 1207 1 L0 0 L.15 8L.2 5.0
f. 1207' 0f% - 1207t 1¢ 2 39.5 6.6 85.0 5.0
X, 1207' 1 % - 1207' L* 3 10,0 Le15 8L, 2 5.0
h. 1207 L ¥ — 1207' 5¢ 1 36.2 7.7 81.0 5.0
g. 1207' 5 ¢ 1207' 6" 1 39. L, 51 80.0 5.0
1207" 6 ° 1207t 71 f Llo by 11.6 72,0 5.0
12070 7 ° 1207' 8 y Le.7 5.6 81.0 540
y. 1207' 8 * - 1207"' 8%F % L0.7 5.9 78.0 5.7
X. 1207! 8% — 4207'9% ¢ kS 1040 .15 8lis 2 540
y. 120794 ¢ 1407*101-r 9 40,7 5.9 7840 5.7
x. 1207'104" — 1207'10%" % Lo.0 Le15 8L. 2 5.0
Weightod averages Tor 1" (total thickness 12%) 1.0. 3 5.5 82.0 5.0 13.0 87.0
3. y. 1210" 9V 1210" 92 2 0.7 5.9 78,0 5.7
1210' 93 1210*100” 1 35, L .5 771.0 8.0
g. 1210'103" _ 121011415" g 2306 0 10.8 69.0 8.0
y. 1210'113% — 4214t 4 @ 14 “L0.7 5.9 78.0 5.7
a. 1241t 4 A2 oo 3 39. 3 .8 33.0 5.0
yo 1241 L - A4t 5 0 1 10,7 5.9 78,0 5.7
Weighted averages for 1" (totel thickness 8'7) 38,7 5.9 78.0 6.0 16.0 8. 0
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determindtions of the above were made, This allotment was based
on the. grade of sample.as determined by the ultra-violet light
examination (i.e. grade 1 or 2) and on the average. saturations,
porosities and water losses of all samples of the rospeot1Vo
grades, -

Ve Tho samples were lelded 1nto their respective zones .and,
after values had been allotted in accordance with iv, above, av—
erage values, weighted in accordance With 'the length of the
samples, were cqlculatod to ascertain the average saturation,
porosity and water loss for 1 inch of core from cach of zones i,
2 and 3. Thesec sqturatlon vﬁluos anc averages are set out in '
Table- IIT. ~ : '

The saturatlons of the rocks in situ have been arrived
at by assuming -

- 84 The pores filled with gas, which is not air replacing lost

water, were filled with oil when the samples were in place in the
reservolr,

be "The total oil saturation is the measured or residual satura-
tion plus the gas saturation in accordance with (a)'above,

ce The original water saturation is equal to the sum of the
measgured water saturation and the water loss,

de The origlnal gas saturatlon weas Z€r 0.
Tho averaoe oil and water caturatlons in 31tu arrlved at
for zones.1l, 2 and 5 are shown in Tdble III are oil - 14,8, 15 O

and 16,0 per .cent and water - 85,2, 87,0 and 84,0 per Cont
respectlvely. ‘ ,

. G. Discussion of Results.

In view of the fact that a vast amount of experimental
work on the oil saturations of cores from producing formations in
the United States has shown that the residual o0il saturation is
seldom if ever below 16 per cent in cores, from producing formations,
it might be claimed that none of the glauconitic sandstone in the
cores tested represents producing formatlons.

Oil is certainly bolng produccd feh's the ‘sandstone exposed

. in the ghaft Bore, and it is possible, although most unllkely,

that the sandstone from which it is coming is included in the
scetions which did not core, However theé cloge parallel between
the oill zones as determined by the ultra<violet light exemin-
ation in the shaft Bore with those. determined by bailing tests in
the neighbouring Pilot Bore is regarded as sufficient ev1denco
that oil is being produced from sandstone ropreoenucd in tho
samples. :

It is believed that the explanation is that the actual
porosmtles of the reservoir rocks in situ are lower than the
porosities determined exoerlmpntally, and in consequence the
residual oil saturations are higher ‘than given in Table 1I, and
in some samples they may in faot exceed 15 per cent.

Another fact which appears to be contrary to the results
of experiments and to considerations of production evidence in the
United ‘states is that a sandstone with such high water and low oil
saturations should Qrouqu llquld whloh contain mere than 90 per
cent of oil, .

‘ It is believed. that tho oxolan&tion for the high per—
centggo:of‘oll in the liquid JlbldQ@A is to be sought aart;y in

soee
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the theory advanced earlier in“this report, that 'aisubstantidal pro-
portion of the water extracted from the samples was planar water

from clay-like minerals in the matrix of .the rock,’ Consequently ..

the actual water saturations would be ' lower and oil saturations
higher than determined experimentally, . Although there appears to -

be no means: of determining the amount or planar water by direct
experiment, it was shown earlier that there is ample indirect evide—
ence of its existence, or at least.of the exislencc of clay-like
minerals in the glauconitic sandstone, It is proposed,therefore to
show in Wwhat way the saturations of a sample are affected by making
certain assumptions regarding the amount of planar water presént in
ite A differentiation is made between what will -be called-planar ,
spacesg in the rock and true interstitial spaces, The planar -~ .
spaceés, as the name suggests, are those spaces between the individ-
ual crystallites occupied by planar water, and it is assumed that

the bonding which holds the molecules of water to the:erystallites
is such that fluids cannot flow through these spaces. " T

The true interstitial spaces in the rock ‘are all those
spaces which are not planar spaces and which are capable of hold-:
ing reservolr fluids, I% can be agsumed that. the glauconitic sand-
stone is water-wet and that the oil and gas it contains are con-
fined to the larger pore spaces and consequently to the nore per-
meable parts.’ The oil, gas and water saturations of the inter-
stitial spaces in a sample from 1212 feet 6} inches =~ 1212 feet,.
8 inches for various assumed percentages of planar spaces are shown
in Table IVv. If the experimental work. of Leverett and Lewis (1941)

- on the flow of gas-—oil-water mixtures through permeable media could
be applied to the glauconitic zandstone in the Pilot Bore, it

might be concluded that the gas, oll and water saturations which
correspond to the measured production ratlos of these three Tluids,
namely 4/1/0.1, would be of the order - gas 10-20 per cent), 0il 60-
70 per cent and water 20-30 per cent. To obtain saturatiorsof this
opder it is necessary, according to Table IV, to assume that between
60 and 80 per cent of the total voids are planar volds,

‘ .. - These figures-are necessarily approximate as Table Vv will
show, In this table six measurementis by Leverett and Lewis are
given, and though no individual measurement gives production .. .
ratios sufficiently.closge to approximate those of the pilot Bore,
they at least show the general trends of the production ratios as

~the saturations of the individual fluids vary., The production

ratios for the Pilot Bore correspond to the sandstone adjacent to
the boré hole and are not typical of the reservoir rocks in situ
" pbecause it can be assumed that the gas saturation would be zero under
_peservoir conditions, ‘In arriving at the vdlues. of “the relative
composition of the fluid yielded, use has been made 0f the experi-
mental results of Leverett and Lewisc that the isoperms of all com=-
ponents .are independent of ‘the viscosity. The yisqpsity.ratio_used
in the calculations wa§,gas/oil/water = «0127/95/.68 corresponding
to methane, (Watép ana oi}‘respectively at 100 Fe o ~

C 1t Tust be emphasized however, that these workers used
unconsolidated sands of permeabilities ranging from 5.4 to 16,2
darcies and though they ‘do not comment .on the effect of spegific
permeability on their results, 1t 1s evident that the relatlvg
. permeabilities to the three phascs of fluid flow are subsﬁaqt;ally .
- “independent of the permeability over the range of permeabilities used.

Dests iof permeability"were not made on samples from the

Ja‘shaft Bdre, but visual inspection of ‘the cores suggests:that they

do not differ substantidlly 'in permeability from the glauconitic
sandstone in Bore No,1l0s - The'averag84parmeability;bf:that;sgctlon

" of Bore No.10 (Thyer 1944) which corresponds to the-sandstone ex-

- hosed in the shaft Bore was only 2,16 millidarcies, but micro-
scopic comparison of oil-bEaring and barreli sandstones suggests that
the oil=bearing purts have much 'less glauconitic' mud matrix than

A5
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TABLE IV.

Effect of Planar Weter on 0il, Water znd Ges Saiuration.

‘Sample 1212 ft. 65 inches - 1212 ©£t,.8 inches.

0il Extraocted = «72 cc., deter @xtrected + Water Evaporsited = 4.65 cc.

e pm— e a

Totel| [Plener |Interstitizl| Actual Seturation of Totel oil in
Voids| “Voids Voids  |Porosity|Interstitial Voids sityu
_ % of 3 Per_cent | Per cent of
cc. | cc..|Total. - e, % 0il Water  Gas| Interstitial
. ' . Voids
5.9 |o 0 549 Woo|12.2 79 8.8| .21
5.9 |1.18 20 lhe 72 33 [15.3 73 1.7 27"
549 |3.54 60 2.36 1645 [30.5 47 22.5 53
509 (Le65 79 1,25 11.2 45,0 0 55 100
2



RELATION BETWEEN RELATIVE Piiii

-

GDITITY

PYROENTAGE SATURALTON

FORGiG, OIL AND WATER.

AND RATIOS OF STREAM COkPOIDN:

Based on experimental results by Leverett and Lewils on sonds
of permeebility 5.4 to 16.2 darcies calculations hased on
. viscosity rotios gas/oil/woter = «012/95/.68 corresponding
to methane, Lakes Entrence oil and watcr respectively at 100°7F,
PR - ; ..... . -
Saturation Relative Streom Componcnts Effluent
Per cent. Pernicebility Per cent, | Ratios
Gas 01l Water | K'g K'o Z'w | Rg Ro  Rw Rg/Ro | Ro/Dw .
27.7 U49.3 23.0 |.0015 .291 G [80.5 19.5 O Lol ———
1143 6346 2541 [.000L o517 .0032]36.0 59.0 5.0 0.61 | 12
12,0 61.5 26,5 [.0003 418 .0039|31.0 62,0 7.0 0.50 8.8
7¢3 62,9 2948 [.0003 .196 .0006!5L N 149 1.2 23
0 69«5 3045 0 .659 L,0004{ O 99«1 0.9 ——— 110
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barren sandstone, and -have a relatively. upongy eppearance;. con-
sequent 1y -one would expect them to have much: highelr Uermcabilluy”
than barren’ sendstone,:’ It is .therefore a easonablu assumptlon that
‘the perricability -of thOub sectlonu of the- sh ft Bore Which’ conualn
0il would be comparable with the samplesof relatively high per-
meability from bore No.l0, eig. 1272 to 1273 feet, etc. which
averaged.. m;llidar01eu and ranged up to 50 mlllldarc1os.

Observations made.at the thb the Bore No.l0 samples were
"tested showed that sone. samples contal ined patches whose permeab-
ility was mucH higher than:the. permeability of the remainder of the
sandstone in the samples, ~ It was.estimated that the permcability
“of one such patch in & sample fPOm 1294 to 1300 feet, was of the
‘order of 120 millidabcies, . It is. now. believed that, thcse so-called
patches may ‘have corresnonded to-01ly patches, No oil or oil-
stainihg was sécn in them, but this ie not surprising because in

‘the present examination it wasg found that the ultra-violet light-

clearly indicated oil which ves invisible in ordlnary light, in
maeny such’ patcheuu S _

It is concludbd thcrcforc, that the Obfubﬂbllltj of -
the oily patches might be con31aurab1y higher than the average
for. the whole se ctlon expo sed, and ray bXCbbd 100 millidarcics for
dry samplus. - : :

“ It. is seen that a comparison between the results of
Leverett- and Levie (1941) and those from the glauconitic sandstone
is one between materials of very different permeabilitiecs. In
addltlon, their tests were made on unconsolidated sands, whereas
the sandstone is cemented with glaucon1t1c'mud.‘ It follows there-
"fore that the results of their studies may not Db SUrlctly appllc—
ablu to thb glauconlulc sandstone. Sl

The 1nf1uenCc of pCPMpablllty on the SQturatlons pow
quired to give certain production ratios for oil, gas and water
_has not. beun investigated as thorough¢y ag other phases of the
problem, " The work of van Wingen . ( 38) and others .shows, hOWuVLP,
thet when oil is forced through a rock saturated ‘with water, -
the fluid issuing from the rock at flrst contains somé water but
Bvéntually consists entirely of .oid. - The quantity of water

”'rcmalnlng in the rock is found to- be 1nVcrselJ proportional to"

REW

oo "

the” DprmLlellty” This- m:ght be. 1ntprufctbd as meaning that in’
such a two-phase flow (and in the reservoir it cén be assumned
+that all the gas is in solution) the limiting oil saturation at-
Wthh the flow’ throubh the rock will.-be 100 per cent oll gets
progrc951VL1y less ad the permeablility docreosvsg and tends -
towards zero as the permeability approaches zero. The inference
is that for the glauconitic sandstone of Llow perricability the
water saturation at which the rock will produce substantially
“and .gas is probably considerably higher than has been pfudlCth
‘from the work of Leverett and Lewis. '“hlu tfan neans in effect
that a smaller nroportion of planar voids. in-. “the samples than
the 60 - 80 per cent quoted above can be as sumed and this would
be consistent with the observation that the oill-bearing wvortions
of glauconitic gandstone seem to contain 1u55 of thu debﬂblng
nud than barren portions, :

: It is concluded therefore that when Gue allowancé is
made for the space occupied by planar water, and for the low
permeability of the sandstone; . the lowr oil’ sqtu;atloau found by

. bprrlﬁbnt are nov nLCbu&LPWlJ inconsistent with the fact that

the oil zones‘urJduCc llquld»%hlch contalnu:aorp than 90 per .
cent of oil. et 4 o

It must be emphasised hoviever, thet none of the assun-
ptlons made~regard1ng the gquantity of planar water present (and
consequently the qctual ﬂor081t1ps) in any wav af1b0uobthe
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oonclu31ons arrlved at regardlng the total quantity of oil present
Godn situ in a given volume of sandstone;, , Consequently the volumes

1(g1ven in Table VI). of’ 0il estinmated as being present in an area .
of 1 acre by using the .average: oil- saturatlons listed in. Table III,
are unaffected by these assumptlonsal o

VIII. OIL CONTENT OF THB GLAUCONITIC oANDuTONE

By using the figures . obtalned for- uhe agcregate thlckness
of productlve sandstone and the ‘average porosity and oil. saturation
for each .zone (see Table III), it is‘'possible’ to.calculate approx-
1mately, the total amount of 011 per acre contained ‘in:ithe three .
-_productlve ‘'zones in the uopermost 13 feet of the glauconitic -sand-
stones 'The results of the collculations are set .out in Table VI,..
which .shows the total o0il content in barrels ‘ver acre, TWOlfrgures
for the oil- cohtént of each zone are given; one .is based.on the:
averages of the measured or residual oil saturations of the .COres,
and the other is based on the averages of the maximum possible oil
saturations, The latter are calculated on the assumption that the
space in the cores occupied by gas, other than the air rep1a01nv
water 1ost, vasg formcrly occupled by oil, ‘

. It has been p01nted out alrcady that these flgures only
apply to the uppermost 13 feet, and take no account of . oil-which
almost certainly exists in tho lower part of the sandstone. It
was not possible to calculate figures for the lower part because
- none- of the boreés which- provide: detailed 1nfornat10n, penetrated
deeper than 23 fect below the top of the sandstone. -

S ‘ However, the eLQVch of 011 in aoorec1able quantlties
from 0il zones in the lower portions~of the sandstone by horizon-
tal drilling may be 1mposslble for the reasons given below, and
consequently the zones are cons1dered to be economlcally unimport-
ant. T g .
i. It is very doubtful whether the main shaft could be sunk
‘ sufflclently far into the sandstone to enable horlzontal ‘holes to
be drilled-into the lower portion. - -

il., It is. doubtful whether horlzontal holes dcslgned to tap the
lower o0il zone ecould be controlled sufficiently closely to prevent
penetration of. the arte51an aqulfcr udderlylng the olauconltlc
sandstone. : ; ,.,‘ .
111. The amount of oll’ whﬂch could be obtalned Tfrom the lower oil
zones by horlzontal bores at 1chls substantlally above the ZONes
is llkely to be small.- T

: It is con51dered therefore that only the upper portlon of
the glauconitic sandstone needs to be taken into account in calcul--
ating the total oil content per-acre. - In Table VI the total oil
contents per acre for the three zones comblned are given as 440
tand 1170 barrels respectively, depending:on whether the calculations
are based on the measured saturations or the maximum possible
saturations., The actual total oil conuent lies thercefore, between
440 and 1170 ba;rels per acre, but is orobably rmich closer to 1170

than to 440,

. if thc max1mum flgu:e for 011 content per acre be used,
the total amount of oil.contained-in the productive zones for a
distance of 1000 feet in all directions-from the 0Oil shaft, will be
approximately 80,000 barrels, and, if the limits of .the area are
extended to 2 OOO feet from the shaft the amount will be 320, 000 g,

‘ ba rels.

S

: o It should Ye’ emphaslsed hOWchr‘ that thc abOVc figures
represent ‘the total amount of oddl thcmght to be contalned 1n a

o s .

»



" * TABLE VI.

B “ fq-.v.. . ," . . n < LS . " . " . \
OIL COWIENT OF PORTION. OF THE GLAUCOTITIC SANDSTONE - /
IN “THE VICINITY. OF THE OTL SHAFT - LAKES RITTRANCE. -
Zpvroxinete T ] : . .
Upper & Lower , Aggregate I Average Average 01l Saturation Total Cil Content
Zone Limits of Zone thickness , Porssity - Per cent. Barrels? ner acre o
below top of of productive Observed | lMexinum . Sased on Based on MeXimum
Glauconitic Sandstone. - Possible observed pcssible
Sanastone. Inches % R . L Saturation Saturation
1 11 8% - 3t gt -1 2.5 5.72 114. 8 150 450
2 7Y 7% — 9 qu 12 L0.3 5.5 13,0 170 1,00
3 R I L Do Ry AL 8. 28e7 5.9 16.0 120 320
‘ , 31 4ho 1,170
' B A
¢ Barrels of 35 Imp. galloas. ‘
I3 ) , \"‘ l. ’ LI N B

W
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restricted:area. and- depth of glauconitic sandstone, and must not be

regarded as. "resarve°"n In oil geology, "oil regerves" dsually

signify:the volume . of. 011 which can actually be recovered from an
0il reservoir. and are jtherefore less than the total amount. of -0il

- present in it Tt 1s also apparent that oil reserves can only-be

calculated for a reservoir as a whole and not for any arbltrary
section of it, since oil withdrawn from one section of the resér-
voir will normallJ ‘he replaced by oil migrating invards towards
the low pressuru area butabllShbd at the 901nt of wlthdrawal

In the Lakcs Lntranoe flu]d" 0il reserves" could only

Abe calculated if ;definite boundarlco for Lhe oil resgervoir wercul'

established; - ifrsufficicnt information were available to determine
average saturations and porosities for the uhole fleld, and ‘if 'all
the factors 1nf1upn01ng recovery were 1nown» gince these factors:

. are not. known, it is; impossible to .deal with the reservoir as a

whole and thse abovée Method of calculating the amount’ of:6il in situ

~in & glvcn area’has.pbeen adopted as a means of 1nVLst1gat1ng the

economic possibilities of the project, These. calculatlong howevor,
do not take.into account the amount of o0il which’ might tigrate-ihto
horizontal drill holes from glauconltlc sandstone; lylng outside ..
the limits of 1000.and 2000 feet sct by. the lengths of the holes,.
However, in the light of the known physical characteristics of.the
reservoir it is considered that the quantity'Of'oil'likely torbe:w

“'recovered in tth waj vould not cons 1tute an important economic

The total oil contents are shown in Table VI, but no . - .
figures are given for recoverable oil because at present there
appears to be no way of determining accurately what percentage of.
the total oil content could be recovered in horizontal wells, It
is proposed therefore to discuss in the next section the principal
factors affecting recovery from the glauconitic sandstone, and

“later  to ¢stimate. uho p6PCpntagP 11kvly to be recovercd.

.
9.

IX;u FACTORS API BCTING RECOVERY,

‘Ae_ Distribution of the 0il.

The ultra-violet light examination of the cores shows

that the proportion of oil-bearing rock in the. oil zonecs varies

from-about” 50" to over 90 per cent, In the Shaft Bore approximately
10 inches-of . the total 31 inches of productive ‘dandstone consists
of beds or lenscs . almost bntl ely composcd of 011—buar1ng sandstone,

"The remaining 21 inches consists of sendstone with irregular patches

of both barren and 011-bgaL1ng sandstone in approximately equal
proportions. It has been shown elsewhere that the purmeablllty_of
the oil-bearing sandstone is believed to be  considerably higher:;

than that of the normal glauconitic sandstone which carries no 011.

In a zone almost entire ly composged of oil-bearing-sandstone the

.pbrmcablllty of. the zone and the flow .of oil from-it will be. re-
.latlvelJ hlgh but 'in a zone in which the oil-bearing sandstone
_occurs-as 1Lregu1qr vatches or lenses the pquu&blllty of the. zonc
‘as & whole and the flow of oil from it will be lowecr and will bu

dependént .on the extent to which the patches or lenses are. cons
nocted. It is obvious that where lenses or patchbs of oil-bearing
sandstone are completely surrounded by barren glauconitic sgndgtone
they cannot contribute to the flow of oil produced by the zone
unless they are dctually penetrated by the drill. In the Pilo
Bore over 80 -per cent of the oil is produced from one major zone,
and the remainder from ﬁwo minor zones whose yield is commrat-
ively low. The uxplanatlon appears o ve that, whereas the
major zone inciludes.a lense or lenses of con51derab1c horizontal
extent, alm-ost. entlrelj composcd.of oil-bearing sandstone, the
minor zonos consist of poorly comnected lenses or pauchcs through

whlch 011 ilo”s W1th Gifficulty,

A Y|
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Although thu JroJUCuﬂvo ZOnes uOObaP to have horlzontal

olace to olace° lhu ig groduotlve zone - naJ be a magor produ01ng
unlt in one ‘boreé but- muy ‘produce-Little 01l in another bore a few
hundred feet away “due 16 a cnangohln the dlotrlbutlon and oroportlon
of the 011~bear1ng sandotone 1n 1t o

© . A fupther coholdofatlon is that the oil occurs .in’ zones
whlch ‘are separated. by . glwuconaulc uandutone of oxtremely low-
permeablllty, s0 that vertical migration of oil from one .zone 0 .
anotheér is practically impossible, The presence of cracks, joints
or faults in the formation might-allow vertical migration, but there
is no’evidence to ugbbSu that fraouullng or jointing of any - - .
81gnlflcance exlstu in: the rouL0~ oo s :

 Be Exposul ‘of~01l Dbearing uauostone in horiZontal’drill holes.

ST ¥ T o :

. If the Oll ”haft WCre suhk some l6 feet 1nto the glaucon—

, itic sandstone, it . might be yOSulblb to arill horizontal-wells in
“the upper- 13 feet of the formation., Provided a hole could be kept
within these limits, it should penetrate 011-bear1ng rock but.the
proportion of’ oil-béaring’ to barren rock exposed would depend on
-various PaCuorsy nd lahpoly oq chance. . Vjﬂfl"#l”'-- B

In the first. olao S, a hole” may bo started 1n a magor pro-
ducing zone, perhaps a foot i thickness, ‘but, any or all ot tho.“
follow1ng o1ff1cul+1cs might be encountered -

id Thc zono mﬁy gra ade 1nto & m:nor produclng zone.

ii.’ It may not be . oooslblo to- oroVenb the hole wanderlnc a foot
;or so Vortlcally Vluﬂou’ 1hcufvlnw hoavy cost. - L

fill.‘ The" hole mnay . pas s a few lncheo’abovc or Oelow lon es-ofshigh : -
oil oontent Jluhln the zone and- fall uO ‘tap them. R

':iv; Theé t0p of the gluuconlu,o sandstone Wlll Qfobably show sllght .
1rregular1t1es in’ dlp and.. uheo ‘may “be’ reflected in the 011 zZones y
themselvesv : :

In general uheso d]fllCUltlbu booome greator with increasing length
_of the drill holes and the Oonotqulon of oil-bearing rock 'some..
'hundreds of feet from the shait becomes & matter of pure charce.:
~Furthermore, if chance is the -only faotor9 “the dreill at any one point,
- is more likely- to penetrate barpen” rock than.nock ‘capable -of produc-
ing. 011 since the lagter,ocorogat ,only;orpexl”*h of the total

15 feot of formatlon 1nvolVedn3gn, e el

In the seoond plaCL9 oluoe the” throo produ0u1ve ZOneg each
contain approximately thes same. quantity of 0il per acre, any. one
drill hole, even if nﬂlnoalned solely within a zone, could not tap
more, than one-third of the availablé-oil. -This position. might be
unoroved if art1l1C1w cracks were formed in the formation (c.g. by
shootlng the wello) to. enable: ﬂ’gfablop of. f1u1du from one gzgone to
another, buu the pog ssible effects of the uhOO 1nu cqnnot be v1sual—

1sed.l=; . R

. -

e S -C; Nature of.Motive?Fo ceo'

The ObPCCHLagb of cil rec OVerod from & reservoir ueoendg
on the type of mob lVb lolce -cauging . the- Oll to flow to -the bore or .
bores which tap: it It geue allJ ao0b0teo in.oil uochnology that
the maxinmm focovc0J xlth gdu drive iLs 30 per. cent ‘of the oil in

the reservoir Whll' "CCOVbe by wa*"r dTlVb maJ reach as hlgh as 80

per éent.,

[ AL T Y

Ggas drive fooult- fron gas comlng ouu of,uoluulon when the ;
reservoir Pressure is reduced on penetration by the bores This gas
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~open textured .,
might have strengths tiore closely approximating 700 lb/squéare- 1n0h

s

.
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:occuplcs some of the pore spaocs and forCcs 011 from them into: the

bore,  The.gas/oil ratid of . the pilot Bore, which is regarded as
being typical of“the area, is very low (app;oxxmatcly 4/1 or 22 -
cubic fcet/barrcl) 4 considerable reduction of pressure would -
have to occur, before any appreciable quantity of "gas came out of
solution and consequently it is believed that at Lakes Entrance
gas drive may not be the principal motive force but is orobably
opcratlve W1th1n a few fcct of uhb DOLC. . o

, Water drlve occurs when watcr at or. above . reserv01r
pressure replaces liquids withdrawn through the bére and 1ncludes‘
replacement by artesian: watcr, or. by exponsion of large volumes.

T

.of -water surroundlrg the reservoirs, - It is believed that the
mpr1nc1pal motive force' operative at Lakes fntrance is water drive,
although there is no direct evidence to support this-belief, . It is

-~-relatively unimportant to know: whether this drive is due to drtesian

water or to water eXpansion prov1d1ng the volume of water available

-for cxpans1on is suff1c1ent to repquc all the liguids withdrawn, '

To get maximum recovery under water drive it.is es ssential that the

~recovery. rate should Not exceed the rate at vhich water reploces

theullqulds withdrawn, ' In view of the many unknown factorg 1n— .
volved in the cstlmﬂtlon of recovery by this means it -is bollchd

-that an assumptlon of rCCOVcry in excess of 40 per cent from any
”011 zones effcctlvely tappcd at ‘Lakes Entrance would be unjus tlfled.

t

_ \nother pOSulb] motlve force m1ght be thc colla se of
1noompetent beds when the fluid pressure is relieved by borlng.,“

uAJCompress1ve strength~tdsts made on 12 samples of weter- aturatcd'
- ..glauconitic sandstone.from Bore f0.10 gave an averagé compres slvé

_.7

strength- of -1294 lb/oquare inch but some of the samples had
strengths as low co 700 1b/square inch, It .is believed -that: the’
T 011—bear1ng portions of glauconitic’ sandstonc

than 1294 1b/squaré inch. 'The pressurc due. to the overlying.; ocku

- dépends on. their density which is not accurately Known but if a”

density of 2.3 is assumed the pressure will be 1' 1b/square: 1nch for
each Toot of depth, i.es approximately 1200 1b/squarc. inch “a%- the
top of the glauconltlc sandstone. If the compressive strength of

. eny section of the gluuconltlc sqndstonc is less then thé Yock-
~;gpressure ‘the rock 'is only prevented Irom collapsing by v1;tuc

of the pressure of the liquid rilling the pores. The relief -of I
this pressure would surely lead to-the collapse of the rock: sbruc—

ture with a rosultlno ccc ge in pore volume and exouls1on of
,-llqulds. such .a coll se vould extend progress1vely outwards

X

from the point of ores urc relief but it is bellchd that thc de—
crease in permeability which must résult from the collapse would
result in a rapid -decline in the rate of” orodu0tlon and consequent—
ly: low percentage recovery from uhe oll zone. :

ﬁ?“ VluCOSluy of the oll.";:':,"f:é h;!fv‘%

. In theory the high viscosity- of the Lakeu EntranCe 0il
(95 centipoise at 100 Op); should not effect the ultimate recovery
“of oil because low prccsu "¢ gradients will oyercome he rcs1st—
ance to flow resultlng from this viscosity if given sufficient

‘time, In practice, "however, viscosity is a Tfactor influencing"’
percentage recovery because with highly viscous oil the production
rate will decline to a non—profltablo stage earlier than with a

more moblle oile

R Permeahilitv of thelsandstone.

The low average pcrmeablllty of the glauconltlc sand—
stone will adversely. Affect the decllnc rate and consequenuly
the ultlmate recoverys : : : .
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F@ Decllne Rates

unﬂeuurlcted production from any
is an 1ndlcdt10n of the ultlmate

. 'The raoe at Wthh th”1
bore tapplng the reserv01r declln;
recovery..}fg S

: The Pllou Boro lu the OPlJ bore 1n the Lakes Lntrance
fleld for which sufficieént” 1nformatlon is avallable to! dotermlne
even an ‘approximate decline:curve,. . Bailing tests carried déut at
intervals over a period of approximately twelve months showed 'a’ -
decline from an initial production of dry. oil" of 40 pints _a ‘day to
27 pints a day, i.e., a deeling of sbout 3% per cent, Ther” quﬂntlty
of oil which could. havé-been produced during this time- ‘had, the ‘bore
"been bailed every daJ, 7ould have been of the. order of? 1500 gallons.
S If the ‘same ocrcentage decllne i1s maintained over the. nexp few years
it has’ been estilmated that . #% the enhd of three years the. rate 'of

. production w111 haVe fallen to aporoxlmately 8 pints a day and the
yearly pPOdUCulon in‘-each of these vhree. years will be approx1mate—
1y 1000, 660. and 440 gallops respectlvelyn making a total of 3600
gallons produced in four years, - If the. same decline rate is main-
tained for a period of 10 ysaprs, the ultimate yearly production
will have dropped to-approximately 40" wallonu andthe total produc-
tion over the ‘ten years period would bu Qpprox1mately 4403gallons.

.;.The latter might be- regardod as the ultimate re00very from the

Pilot 'Bore.s 1In the ‘case of 2 horizontal bore-hole tapping the same
oil ‘zones that were tapped by the Pilot Bore, the initial production
rate vwould be much greater .than for the Pilot Bore because a greater
lerigth of the bore would intersect- the zones, However, the decline
rate will &lso: e Verj much greater bhecause in the pilot Bore (Where
. a vertical hole intersects’ a horizonbtal oii zone), drainage of oil
to the hole would be unlform from all directions” (radlal flOJ) “but
in the horlzontal ‘hole, drainage would be ilimited to drainage more
or less normal to-the hole in the h0W1zonual plane of the- oil‘zone .
(linear flow) Theult imate- pressure distribution in the o0il.zone
for Which the flow, to the hole would be 1nslgnliloant would: be
attained much more rapidly. in the case of.linear fY¥ow than for::
radial flow or in othel words the uoollne rate for the former would
be much more rapid than for the latter.. While no. estimate ‘can. be
made -of the. quantlty of oil 11koly to be ylelded by a horizontal:
holg), it is evident from the rapid decline ii. oroauctlon from. the
Pilot Bore that the reservoir energy fesoon81blo for this production
- is dissipated rapidly.and. conscquent ly the arsa drained by the’ Pllot
Bore- and-the recovery: from thig area must besmall, It is con—
'cluoed therefor &, that- the rapid decline;in productioén from the
Pllot Bore is an-indication that the ultimate recovery from any
acre of glauconitic sandshone ih the v101n1ty of the Lakes: Enuranco
.shaft w1ll neces sarlly be lOJ6 37 A

The actuul area dra:ned by the Pllot Bore cqnnot be
determlned but if it were one acre, which according to the cdl-
culations shown in Téble I conualns 1170 barrels, the ult imate
recovery:from:. tﬂlu area, namsly 4400 callons or 125 bar pels, repros-
. ents a recovery of about 11 nper cente A c¢ircular area of radius

120 feet about. the bore’ contains one acreéirio that another way of

expressing the above is:that if the dralnage radius is 20 feet the

recovery will be 11 per ‘cent of the oil:in the area. dralnod.
Assumption of a larger ‘area or drainage. rad1u° w1ll necessarlly
reduce -the perContago recovery., -The inference. of this is that to
"get a- redsonable recovery from-an. area uulroundlng the shaft the
density of the drainage points must be high., If the-gecovery has
to be obtained from. vertical bores. it is.séen that a density of

one bore por acre’ mlght slead. vo. en.ultimate recovery of approximate-
"1y 11 per cent, prov1d1n~ of course’ that™thHe production from the
pilot Bore and its décline lepLeSento uho .average for the areas. A
similar basis would have" o Be ‘used to de termineé the number of
hOPlZOﬂb&l holes reqplfed to. geu comparable reCOVery. w

e
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Thc deductlono in thp prdelng sectlon are base@ ‘on '
the somewhat “inadequate; information about the decline in pro-
‘duction from the Pilot % Bore, and muut “therefore be regarded as
very approximate, Itods: bellCVbd ‘however, that they at least
indicate the order of: the mugnltude of the ultimate .recovery
and consequently.the. apbrox1mat drainage radius. If drainage .
condltlons at’ the Pilot. Bore can be accepted as aveprage for thc »
édrea and ifra dralnawc radius .of 120 feet .is accepied for this
bore a similar dralnamu radius-or distance might be applied to
" drainage to a hocxzontal -well, .  For a horizontal drill hcle -

1000 feet- long, ‘the area -and total 0il contents of the upper

13 feet of uandutone within 120" fuct %ach'ﬁrdo”of iy wouldeng - Yo
545 qq; es ﬁnd 6,400 barrels’ Puspbctlﬁply .~if’anJuQUUﬂab©ubg [Jo'
gecpvéﬁx O € PLr bcr,cent«lg %agumcd, uhe recovbry friom 1000 fedt -
of, dfill“hdlébwsulaib ;prnoklm$gelg.ﬁqo“béfﬁﬁﬂdr or 0.7 barrels

pbr linear foot of drllllng.;. . i paeo 208 o ansigo

o .
T

S . ¥
o C If thls argument L& oxtpndud to a' proguct 1n Whlch 20
" equally spaced: horizontal -holes each 1000 feet long .aré drillcu*

from the shaft, the area within 120 feet laterally of the bores
will. be 68 acros compqrod with 70 acres in & circular area 1000
feet radiusi If thu same bores ape extended to 2000 feet from
~ the Shaft -the arca within 120 feet" laterally of the bores will

i be 178 acres compared to 280 acres for a circular area 2000 feet
.radius. = It-is sgen; therefore, that if drainage is restricted -
to & limited: dlut&nbb from the bores then the longer the bore’
hole the less effective is the dralnagc and recovery.from a
circular area about thé shaft, Tt must be clearly understood

q[ E

- - “however, that the figures gilven above for the area drained and
? for .the ultimate recovery are based on Vcry poor evidence and
" they should not be ussd as a basis for estimating the vltimate -
. . ‘recovery from any area about the shaft., However, they serve
- ~ to illustrate the fact that the nuwmber and distribution of the

horizontal wells must be Tactol's influencing the ultimate recove-
ery - of ‘oil from an area about.the shaft and for this reason it
is belleVpd thqt their 1nclu31on 1n thlo report is justified.

.

" Ha Con01Uu10nu concerning RECOVErY.

Taklnc all thn above iaouoru into consldcratlon 1t ‘is
concluded that, if water drive is the motive force the recovery
of oil by horlzontal wells from an ageajin thb v1c1n1ty 'Of -the
-0ilishaft would not exceed 15 .%o 20 per cent “and 1figq —pxgan510ﬁ

“Jdrlveuls the prlnc:paT motive TO;wathb,r§9 very. ,voulu be less-
than this and probubly nbt nrcembn.¢hqn“ to %Q pr c§nﬁ.
T oo T DL,

~

It wds uhown in an edrllur sectlon of this report that
“the total amount of oil contained in the productive zones in thb
. uppbrmout 13 feet of the sandstone for a distance of 1000 feet
\ in all directions from the 0il: ghaft is approximately 80,000
bﬂrrels and if the limits are extended to 2000 feet from the
shaft the amount WOuld be 520 OOO barrelss. - -

These quantltlcs are based on an assunpulon that in the
upper 13 feet of sandstone the average thickness of oil-bearing
rock.is 31 inches throughout the area and that the oll content is
equal to that determined for the 31 inches of sandstone included
in zones 1, 2 and 3 in the gshaft Bore. Any errors involved in
these assumbtlons will necessarily be reflected in calculatlons
of the quantity of oil which might be recovered.

e -0 o g 7

If a maximum recovery of 20 per cent is"aséum@d_fop-the
01rcular area with a 1000 feet radius the quantity OflOll-Wthh
might be recovered is 16000 barrels., DBecause the horizontal wells
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become farther apart as the distance from the shaft increases the
percentage recovery from theé ilarger area’ (radius 2,000 feet) would
be less than from the maller and. & maxinum recovery of 15 per cent
or 48,000 barrels might be expected, - :If an area of 400 acres (the
area for which Ranney and Fairbank (1941), calculated oil content
and recovery) is consideréd-the total . 0Ll oontent would be 470,000
garrels and a 15 oer cent fCCOVory woulo give. approx1mauo1y 70 OOO
arrels. ' : : _ :

X CONCLUSIONS L s

' - The report has- dealt w1th tho examlnatlon of - diamond
drlll cores from the bottom of the shaft . at Lakes Entrance, and
includes the results of petrological examlnatlon, .examination’ under
ultra—v1olet Yight - and - determination of oil, water and, gas saturae
tion, * "ThHe darill hole -penetrated 19 feet ZM mcheu 'in glauconitic’
sandstone with a core recovery .of 82 per cenu conulotlng mainly of
unbroXen- 1engths of core, It is: belleved that the 18 per cent not
recovered probably did not includerany. ulgﬂlflcant DPOpO tlon of
011—bear1nd glauconitic sandstone, B

The oil fluoros0ea under ultra-violet 11ght ﬂnd tnls
method was used ‘to determine in detail the dlutrlbutlon of oil in
the cores, The examination allowed the division of the glauconitic
sands tone'oectlon into five oil-bearing zones.of which the bottom
two zones, 1.Cs°zones 4.and. b were . 1nu1gn1flcant and were excluded
from the. calculations of total oil content, The upper threé zones
(zonés 1, 2 and 3) were the -main oil-beering ones and occurred in
the top 15 feet of glauconitic sandstone., ILividence has been.
egathered on the distribution of o0il in severdl additional ‘boresiin -
an area. Surroundlng the shaft and indicated that tho occu;renCo of
oil "in. the top 13 feet: of LlauConlth eundstone was o feature common
to 'all of them, It was found that there wag d close parallel
between the oil zohes as’ ‘indicated by bailing tests in the. Pllot
Bore vlth thoee 1n the haft Bore 1OO feet dlstan 'Lrom it Sy

4‘ .
. i3 -

: ' The ev1oenoc showed thﬂt 011 from obhcr bores refcrrod
“uo abovo aloo occure -fairly: weneﬂwllj in the:lower portion' of the
glquconltlc sgndeuone, ‘but neither the pilot nor the: shaft  Bore
“intersected thl vortion which:has thex refore been excluued from. any
cénclusions egardl g tho 011 conueﬁt of uho eserv01r. IR &

RO Two Kinds of 011 Qluprlbutlon éretinotied; - oné in

Wthh 011 occurrod almost enti ely th;oughout the cores and the

.other in Jthh the oil occurred. asg- irregular patches throughout ‘the

i¢or€s, ., The cores 'in whlch tie patches. eXCoeded 50 per.- Cunt of the
volume of thc Co;es Hele 1ncluded 1n th 011 ZOnbuo S

The aggregcte thlckneos of 01l—bear1ng zZones: 1ncludod
Sine uhe calculqtlon of total oil content per acre was '3l inches,
‘_“comprlolng 11, 12 and 8 ‘inches in. zoncs 1, 2 and 3 respectlvely.
ST . PthOlO@lCul ”o ' 1noleﬂtod that: 01l—bear1ng glauconlt—
ic. sandutone conuﬁwno less gluuoonltlo mud, mﬂtrly than barren or
Thormalt sandetonen ' Becduse. of. this 1t ig oelleved that whe
vermeability of oll-bearing wlauconlulc.sandstonc ‘is- con31derably
ﬁ:hlgher than . that of normal ‘glauconitic séndstone” ‘and this belief is
foungEted by a’ Cxlulcal ““&m1ﬂatl®ﬂ of,bho results of oevmoa0111tJ
tests onr- dn.lcb Trom - No.10" Borea, It. seis that. the sandstone as
a whole 15 ndt an 0il re sorv01r,,but c_ ains a eerleo of .thin
stratlgraohlcal Sraps: - The’ horlzontul" cent of any..ong.; trao ‘has
-not. beens determined but it ies thournt: that” thev occur as; auserles
‘of lénses. They occur &at. 1aL;1v oeflnl X ho 1zonu ano eorr 17

011 zones dlfendj QOuCPlDbd.

‘ere made on all’’
Xamlaaulon had

sections of °
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uhoun:to contaln apDPbClablelOuﬂntltlbo‘Oi 011 und“on ‘&leven
samples: of barren sandstone, .The porosities. ranocd Lrom 2744 to
49,6 per.icent 011 stturatlons from 0 to 12.2 Dper . cent water-
saturations fron 63 5. to 99. ncr cent "and: sas saturatlono from 1

b0 26460 per cent, The ooroeltlco JePG determined on dry samnlcs,

and- it.is belleVed that they are .oreqtel than the actual oor051t1
of thesreservoir rocks.in. ultu. Plangr water would have been ,,L
driven,.off. from the dry samoles but ould be present in the .-n7..
reservoir rocks and conucoucntly the volume of 1ntcrstlces ﬁva11~
able to oil and true interstitial water has been réduced by- the:
swelling of the clay. and clay-like. . minerals in the glauconitic mud.
Thls swelllnc 1< due to pldnﬂr water in' these mlneral st
Testu were nadc ‘at’ thc PllOt and Imray Bores to ‘determine
the gquantity of gas yielded by each and the results indicated gas/
oil:ratios of 4 and 70 reupcct1Vely, these ratios, however, nust
be- regarded as approximate and . oubgect to large error.. It 1»
believed thdt the gas. produecd vias substantlally methene and that
thepefore the gas in. the cores waS MLthanc and was- orlglnally in
eolutlon in the oil. : :

'w\'

Tests were madc to detcrmlnc whethcr any oi“the drilling
water had entered the cores, An indicator chemical} namely
glucose, was added,to .the drilling water and six core samples were
analysed for glucose. No glucose was found in the-cores and it
has been concluded th;t nonc of the "drilling fluid"éntéred Lhem.

. A test W&u madc on a sampls of gleuconltlc sand bone to
determine the water lost at various temperatures betwecn 14,

witand 106°C. , and it -was concluded from the res ults’ that none of the

water collected durlng the saturation tésts-was’ water' of crystall-

" isation, The water collecucd included truc 1ntcr tltlal water

and planar water,. 1here appears to’be no means* of” determining by
Tdirecty measurement the quantlty of thc lattcr 1n a sample.-

Tests Were made to determine the ouantlty -of water lost
by evaporation during the. time the samples were exposed prior to
their saturations, being’ determlned and in calouletlng the final

- flgures for 011 gas ﬂnd wqter saturaulonu, alloﬂanc was made for

orated water, - TN

: It has begen assumned, that the space in the cores oocunled
by gas other, than the air mentioncd QbOVb was formerly occupied by
‘oil uhlch it has reblacedb' '

ST Thc total oil oaturation in situ wag calculated by -
‘assuming that 1% was the sum of the oil saturation found experi-
mentally and the corrccted gas saturations - Weighted averages of

- total.and residual or neauured 0il saturations were calculated

for each of the three oil zones by weighting thé -individual semples
in accordance with their lengthu., These averages for zones 1, 2
and 3 vere 1l4.8, 15,0 and 16,0 per ccnt respectively for the totnl
oil saturations and 5,12, 5.5 and 5.9 per cent pEshéctively for

- residual- 0il saturation. . It hes becn concluded that these flvureu

for total and residual. 011 oaturatlons are not- 1ncon51utent w1th

. the egxperimental. results of che;ett' nd. LGMIS ‘an the flow of: gas—

oil-water mixtures through permeable’ medid ifiidus’ allowance is made
for the low permeability of .the” glauconltlc sandstone and the ef-
fect of planar water on the porositics and caturatlonsﬁ on the.
basis of .the above flgures the oil contento per acre ‘for the

three zones comblned are: estlmated at.. : UL

R

L’”V 1) Total 011 COnbeﬂu kwﬁ-?_gf“j‘ 1170 ba ﬂels pcr acre.
2 0il contcnt from residual - A L
saturations _ 44@ R

(A barrel contains 35 imperial gallons)
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- It is concluded that. uhPOHUh lack of appropriate date there -

is mo Lellable way in which- bhb area “reservoir rocks: likely-to
be drained by any well or crles of wells in a'field:such as Lakes
Entrance can be estimated, nor.is-there any. satisfactory basis for
tlmatlng the quﬂntluv of 01l which .might- be recovered from:-such
_an area, HoweVer, ‘it is possible to estimate the.total oil present
in a given area around’ the- shaft, and to make ‘an ‘approximate estim.
atlon, based on the fﬂctoru 1nfluen01n reCOVcry’ of. the proportlon

Factors 1nfluen01ng ultlm”tc recovcry are -

(l) Thosc dependent on re erv01r coqdltlons —.:Hf.:x
,(a) The oil occurs in three thln ZONCS ucparated by 1ayers
ERETR (ofulmpermeable sqndstone,'i : o aul»»u.i.”
!
(b) - Of the 31 inchef 1ncluded in thc thrce Zones, . onlv lO
~inches were conposedrentlrely of oil—bearlng sandstone
‘and it is believed ‘that: most of the oil. produced. in the
‘Pilot ‘Bore came from zones of sandstone. entirely oil-— .
bearing, the permeability of sandstons: corresponding to
the remaining 21 inches belnc too 1ow to allow any apprec-—
lablb flow lﬂbO uhe hole. : . , .

‘(¢) There mﬁJ be no arcot horlzontal contlnultJ 1n any,,’
' ,.1nd1v1dud1 011 zone. ) R = e D %

(&) High viscosity: of the 011 and lov ncrmeablllty of the'
. 011 zone. o

. (e) The motive- force cquslng thc 011 to flow. It 1s,generally
o fconceded that’, under the most favourable conditions if-
01l is flowlnﬁ under .gas- drive the ultimate recovery-may
"be 25 to 30 per; cént and that with carefully contrelled
“Watér drive; Which includés’ artesian and expansive, water

dr1Vc, the reCOVcry may b 60 to 70 per cent

oy

(Z)d Those deocndent on recovery from horlaontal drldl holes-—,.

;,fﬂ(a) Any hole could “Yap* only 'one’ of “the three.zones because
e _of the 1mpermeablc andstone between them.

R

Av) .1t will be. Very difficult, if not 1maos 1ble, to keep a
~horigzontal drill holc w1th1n qny one of the thin oil-

-4~ bearing zonou.;jﬁ_ o : v‘” AR

“(c},{ he number dn_fdlstrlbdtlon of the horlzontal drlll holes.

awiajﬁ The unknown “influence-6f fraotullng the sandstone by f
= explodlng charces in tnc bo; holes. ' ; g

‘ Oa Taklng a1l these factors ifito cons 1deratlon 1t hac becn
- estlmated that if water drivé is the wotive: force, thc recovery would
not exceed 15 to 20 per.‘cent and if CWS—eXbars1on_“
- force the recovery woula be conslderablv legs Gthean
not greater than 5. 1o . 10 oer cent.' : -.”.“nﬂ.p-

Flnally it is concluded bhut uhb volume ofL011 pLesent in
the three oil zones in.a circular -area 2,000 feet. dilameter would be
approximately 80,000 barrels of which a maxlmum of. 16,000 barrels
might be rccovered T ThEde flpu eu rofer-uo the uob 19 Ioct of the -~

glauconitic sandstone.,

1.
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: - It is known Proi -other bores that: 011 occurs 4in the-’
lower portion of the’ plauconltlc sandatone. This. portion was
not, however, intergécted in the Pilot and Shaft bores and therefore
no attempt has. been made to estimate the oil content. Bven if the
total -0il content could be estimated, it would be inadwiseble to .-
attbmpt to estimate the possible rocovury because of .the engineer-
ing difficultics asgdcidted with the sinking of the shaft to a.
sufficient depth to recover such oil by horlzontal holes,. The
p0581b111ty of recovering any of this oil from horizontal holes in
the upper portion of the sandstone would depend upon the fractur-
ings by explosive charges and, as already stated abovu, the
. possible effect of such charcc is not known. .
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DISTRIBUTION OF OIL IN CORES

Plate 2.
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Jections of core deloched for maoter

Ject/ions of core cdeteclted For Strenstl

I,
Gegohysicist
Forosity Soburstion Y, Oct 1945
% Oy Woler ot/
47 6 86 2.5 811 Selected
96 56 820 876
426 43 850 &9-3
ore sew/ed It bore . Exposure gpprox. 30mins.

FROM
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