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In 1942 the commorli'!8D.lth Gov0~~nme!lt arranged to sink a 
vertical shaft to a dcpth ot' approxtmate1y 1200 feet to the oil- , 
:~earing glauconitic sandsi.;ol'l\] at I ... ak(J8 Ent:cance 9 .'30 that horizontal 
drill ho.les could bo d;rj.llca. i.n the Dan:.:lstone foX' the productiop. of 
oil. Recent 1y the shaft rC8.chau. a G.upth of 11J.7 feet and it Vias, 
desired for epginee:;. .... ing ,and othel" PUX:'yOG8G to tcst the micaceous' , 
marls, and the, glauconitic S8D,0.stone ,lJ~loVJ t.he bottom of the shaf.t.', 
,It Vias decj.ded to put doul'l a d:i.amonci.. 0j"ilJ. hole and to use the" '. ". 
cores for ,the;nec'3ssaX'~r t;c8~,:Lngo Thc' dl'5 .. 11 hole passed through 
80 feet of micaceol).s marls? '1 foot 10 L'lches of' glauconitic marls, 
and penet'rated 19 f',eet. 2* inches of glauconitic sandstone, 'but was 

I not extended to the bottom 'of ,the lc,.tt0r o An index chemical ' 
(glucose) was added. to the dr':i.lling v.'st,er 'when tho sandstone was 
being drl.lled" ' . 

This rSJ)ort deals n~ai111;)T wj.th the eX8.m1nation of the 
cores 'of glauconitic s8.ridston0 Obto.irl(:;J(l fr'om the drill hole. Most 

,of the laboratory investigations on '1;11c:- cores were carried out at '. '., 
canberra and in.cJ.u.d.erl eX8.rnino.t iorl llncleX' 1Jl"tra-v,iolot light, some" ..... 
petrological work ana. determinat j.Ol'l,s of poros i ty and oil an<.~. water' 
saturations e In add:i.'tlon'l ex:()eri:m\,:)):·~tB v!(?ire carr:L8d out at Lakes . 
Entrance to de'te:;,'m:lne, tIle· qualycity of 'gas yielded by the Pilot and,: 
Imray Bores" and det;qrmj.i.lo:~jions (;:f t.he ghwose content of the . ,,' 
samp,les of vvater extracted fromsj.x C()f,'es 1.'ifer'e made by l\'Ir. W.R.· , 
Jewell of the Victorian state l,nbo7,'atories, Mclbourne. Experiments 
were made in canberra to est;-~)ljlish the c.l.el.lydration characteristics 
of the glauconitic cands-Gono o 

" . 
An attempt has beon rr.ade to correlate much of tho, aV,uil-:-., 

able data .. on the Lul~eG Entrance f:Leld ", v/hich has. a 'bear:ing :'op. ,,:' 
the Lalcos Entrance oil, project ~ and to provide a SUTI1f!1ary' of t'he , .... 
occurrE:)nce and distribut j.on of oil in the glauconit i.,c sandstone. " 
From all of thj.s', informat ion it h8.s been TIOS sj.'ble to make, a tent- " 
ative' Galculat ion of the l)l'lobable OJ.l C01!,t,en'~ of that port.ion of ' 
the reservoir to vihich the dat.a :~8 a::;;:01:i.cabJ.e o 

Finally t:hereport L11clud.es a critical examination of 
the, factors influencing thq ,recoVe,).";}T of oil from the glauconiti.c 
sandstone by horizO.11.:Gnl oiJ. irwlls ~ anO. ::.m eotimate of the per'- .' 
cent age of oil vThicllmJ.gll":j' be, recover'(:)(). f!'om a given area at, 
,Lakes Bntranc8", ' , 

, " 

II. DESCRIPTION OF THE; SHAFT BORE __ .... __ $z:-.,;._ .... _ ... '_ .. __ I_---...-~~_ ... __ ".c' __ .__,"""__'~. 

An DP..II,I,ING PROCEDURE c . ~~.~ .. __ li_t--__ --,..._-t_-_--
: .. ; 

The di.arilond dr:LlJ hole~. whj"ch vfill bo' referred to in 
this repor:~ as the Shaft Bore., was clr:U.led. fl"'om the bottom of the 
Lakes Ent'rance' Oil'"sliaft;-,' r£he ol)ject of the dl'ill hole was . 
firstly to prbviclo": fro'lid.cores. of,t.1.".CG, rocl\: underlyj.ng the shaft 
asa guide to sinkj.n.g o:pe!.'e.tj.ons~ o.iJ.cl secondly to provide com­
plete cores from -ehe glauc,on:Lt ic sands'corle from 1jvhich reliable 
data on the occurrGnce and di3trj.bu:t~.cn of oj.l could be obtained. 

"'ii" 
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An initial :qtt811l1)t .. to drill the hole f'rom the collar ....,.,.. .. 
of the shnf't failed and. the bore was finally drilled from the 
bottom of the shaft at 0. depth of 1117 feet belovi the shaft collar. 
A total of' 101 f'eet ,1,;jns dril1ecl, consisting of 80 feet of fine 
snndy micaceous I!1nrl contatnirrg four hnrd band.s Cit' limestone, 
:followed by 1 f·:,'ut 10 inche~'3 Gf .sandy glauconitic marland 19 feet 
2t inches of glaucon:1ttc sandstone", Core recovery from the 
micaceous mo.r,ls was very low o.espi t e· the Ca1"8 exel'C ised in drilling 
but the recovery :'0810..) to 82 per cent in the glauconitic sandstone. 

The gla1.J.Conit:i..c; sanclstone was cOl'"'ed in sections 
approximately 2 fe~t J.ong, i1nd. most of the core was recovered in 
continuous lengths ·v7itll. 81"D.0.1J. 1003.00.5 at. i.~he base of each section. 
The cores 1F!ere 3 inches j.!l dio.m . ..:tc:, j.n the micaceous marls, but 
only Ii- inches in tl;\3 glc,uccn1tic sand.stone 9 because the bore had 
to be, cp.sed frofJ. the col12):' :i.:o th,s sanOy .glauconi tic marl. 

1;/2t82' r:Ct!"'3' ~h"'c·:}I8.:>")cl clU:;. ... inS Ql'j.lling and an index 
chemical vJnsil1.tJ"ocl.u8":i.J.,cLu;uirig ·'.;1J.8 ·co~C'ing 0:[ the glnuconitic 
sandstone, so trrnt It \~.'oul(i·,tl;;G81:jiblc to cletermine YiThether 'any 
of the·ar:l.:llin~ fluicl cn'sor'-0d tho core 3'0.1'10.. if' so to what extent. 
The index.·cbemi.co.l us·.:;d. r:Es 'gluGics';3" It waG introduced in a .' 
solution'bo'nfaining 62(,5:.·lb~I~p8:u1§OOO gallons of ·water:. Mercuric 
'chloride 'Irnitsaddcd to tb i3. solu·;;ion· in"Ghe :Qx'ol?ortionof 1/5.0,000 
to inh:i.bit·fermentat:iori bf·tha: 'C;lucosf)::- Most of the cores were 
dipped in merthio:inttl f~QIiJ:Giond' str·Ji"igth 1/10 9 000 l' as. n furtheI' 
precaution against f0r·jll.c:ltatiori,~ . ". 

OVJing to .. ~he J.Qck of space at the bottom of the shaft, 
the solut ion vms miJ::cG.· ill. 40 gaJ.Ion drums nt the No.5 plat, nppI'ox­
imately 200 feet abO-Ir.e 'cht;' dr.tlJ.ing plo.tform, and fed to the drill 
by gravity~' The rei:.urtJ.0cl 8011..1":3ion could not be used again and was 
allo'Ned to drain j.nt 0 thd -cott 0:') OJ:' tl'"2.c oho.ft from which it was 
pumped to thssUJ:fac8 c . ...'~~~·1:?lo[;l of' the ,solut.ion were collected fI'om 
each drum and comblncc. 1:'0 I;rovid.e 0. rc}?!"'o:3cntat ive sample of the 
drilling t"1i.1i·ti· US8([",' 1'218 rl8.tol'"' ~"'rom th!.; solut ion itvas drawn from a 
garland in the sl/o.ft, ab.d. n sa"';1})18 ':O.'as ·i";o.ken for analysis, 

.Bo Tre~tment ·cf Cores o 
_~""""""""""_"""" _--1",'~ __ "'_~ __ -",_"4, .... " ...... 'V~,."-"I 

The glc.l1conit :Lc Ci.:D.d.ston0 WQ.G cored with .AX. core 
barrel fit·ted v!ii.;h em ir"'::"1.8:.:' tuba in Y;hich the core was retained. 
The drilling f'luic1 ci::'culat.od. thJ::'ough the annular space surround­
ing the inner tube n::1d thUG In.i.nimiseu. flushing of the core. Cores 
were witho..rawn fron ·~h3 cor'o bnrrel nt (t.hO Dottomof the sha:Et, 
plac~'d in c;ylindric9.1 motal contail1.er;J '"',Y 11l1d carried to the SUI'­
face. After prelirllnary GXClIi1innt iono.no. measurem:~nt of the cores 
they were Wro.Dped :1.11. lTjCLxcd PO.P()): o.nct bealed in the containers. 

T!:10 C011."c,3.in-:;:,,~,: of' th.ree of the c ores which showed 
not iceaple traces or'" oil WCI'G 801dcr(~q. imrnediately and were not 
openedu.ntil the cor-ss 'wer0 regJ:.ired·fo:c' 8xamination in canbeI'ra. 
The remainder of the c;on"tai.nel"'s ~ Which ljJere sealed with insul-· 
ntion to:'), had to be openod on two occasions, once at Lakes 
Entrance and once at I,Ielb Ourl'1e to aIle'll inspect ion of the cores by 
the Lakes Entrance :executive Cmnm.i.ttee and by consulting engineeI's. 

:. ! 

(1) 'llhe container,s.I,i'Gj7C a"pproxi.m.ately It l ' in diameter and 
2'. to 2 f 6!!'long 86 tho.t :~i-~i coreS, vVl:apped in waxe.d paper, 
fltted :tightl;;.". :.nto tl;'0m~ 

, 
'.' .. ' .. 

~ '. ..•. . '.! : .' 



'-';-' 
"'-, ,-"" 

-3-
, ." ,; ,j 

'! . \, 

!,', : "I .' 

All' tneoores were exposed ii1 Canberra when each section'" 
was cutint~" 3~inch: iengths.:and placed' i·u air tight jars. Most of 
the cores were·'subjected to furt.:h:er. expos.nre. when the 3-inch 
sectiorrs""were",'cut into discsJ inch thick' for eX8mil~ation under 
ultra-violet lightc Est imates have been ma~le of the t.otal length' 
of time for which ,each core was exposed to the air after' with- . 
drawo:l' from the bore barrel ahd these; are indicated on the 
C"olumnar sections ~ ptates2 to 10., ··The.J;hl"eeC01"es in soldered 
cont ainers' I)uffered a' maxi-TImID exposure of only 30 minuties, but 
the remainder of the. o'oi"es: wereexplDsed for approximately 50 
minutes c 'rhe effect 01' this·exposu:re on the liquid content of 
the cores will be disu~ssedin a' la~ar section. 

-~ITlimina:.!:Z( . eXBrnination for' Oil ·anj~ • 

.!' .',-

..... WhG'·n first examined it Lakes'Ent rance mo~t of the cores .. · 
showe'd' patohes' of oil on -bhe:ir surface. ·.T.he position and ext.erit ... 
of each 'pa"i:icb was noted .because .Jii.he'oiL.appeared to lndica'Ge -the. 
posiJeion of oil-bearing sands-Goneo The amount of oil observed 
was usually suffic,ientto form a' dark brown film on Jcihe surface. 
of the cores" Oil was notObse rve.ddripping .. from any cOk'e, . but 
where JGhe oil film was thickest.~ drops of otl could be wiped from 
it with the fingers~ On th~whole there was lit~le eVidence Of 
g[lDin the glauc oni "e:i!csandst one .. , An ,~nte rmiJGtert~s!J x'erut! of, 'gas 
bubbles rose through .the>water: in .the b([)re ~ole d-q.ring dr:Lll~ng.,· 
but .. less gas w8.s.encountered iri,JGheglauqpn;i..tic.,s~ndf?~Gone""G~an . 
in the overlying micaeeous rharls:·where:d~f:i,.p.it .. surg~s occurred 
on two occasions and where the:.stream.of, gas b-q.bbles' was a,l):Jlost 
continuouso OccasiQna'lly small bubbles .o.f gaf? were observed" . 
emerging through paJGches of oil ·o,~ the "sur~f3.cE? of tl;l.~ cores ~ . but 
no bubbles -v lie re observed erne rging, from non-oil-be arings ect iens .. 
Hovvever, these bubbles were ol?se:):"yE3 d some: minutesofter the;' crres 
had bEen removed from the core barrel, ind up to ! hour after the 
rock had actually been cut so that they are no indication of the 
amount of gas originally held in the cores.·· ' ... ~ 

• I " ... , •• ~, : ~ r: 

. £j,, __ f:x.§Ej_nation under Ultra'-Vio.let L~~ 
, ' .- ",' '; , ',' 'J I ~i i 

(1) Intro..;0.Jl'l.:tiQ.h" The ttour,8;,!c.e,n;tpr.operties·;o'f"c,rude and: 
refined 0 ilsunder til t ra-vi.ole.:tlightap~ .~well-knqiJlin and hav;e 
been used in Ameni;ca and Germany in the i6.xamination, of drill cores. 
This method provides a simple and. effect'ive means 'of detecting '. 
very small quant i ties of oil, which might otherwise be overloQked, 
and is parJGicularly effEct ive in establlshing' thE; distribution 
of oil ,in a drill core in which .the oil conten-G is lovii ahd 
irregularo I, :' ./ 

The presence of oil in the glaue'onitic sandstone' could 
. not be reliably detected unger .o:r;'dinary light b,e.cause of the dark 
green colour of the rock and. becF':1J.se.tp.c, oi:(.poS·sibly occ~rs tt:l 
a f'i nely divided st at e a CQres from the Shaft Bore t Lakes ., 
Entrance WSI'e first examined under u~~;r:.'a~violet light at the 
sugge st ion of Mro P. B. Nye, and the l'neth6d proved so effect i ve 
that a technique was develop~d;by Which th.s distribution of oil 
could be plotted to scale on a longitudinal section of e~ch cor~. . , 

, i' 

The cores 'liere examined under two type's of ultra-violet 
lamp; the uMineralight" lamp and the IIMerora" lamp. The "Minera-' 
light ll e'quipment consists essentially of .. ,; a coiled quartz tube in 
which a :cold eleot ric· discharge through mercury vapour takes 
p-iace" Ele.ctricpowel" mf?Y be o"QJGaineq eith~r from bat-beries or 
from the 240: volt AoC •. main supplyvdth suitable transformer.' 
The lamp is fittf3d with a filter constructed from a type of glass 
known as ,iRed Purple Corei A No. S86 il

• irhe ul-ijl"a-violet liDht 
emi:j-Gl'ir1. L;)c:cly COl"I'8SpOrlQ8 "GO ;:.. wav~: .len8-1:;1- of 2537 It 



. I :, ';.' ~ , :"'"1 , • 

• • • • <; • 
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The lIIVIercr'a" lamp provides a source of' near 'ultra­
v: olet light and no a~preciableamo1J.nt ~s. emi tted below ,a vv'ave : 
length of' about 3100 A:. The ·efl"1::l:ipment . .c.onsists of' a mercury 
vapour lamp enclosEl¢iin a dar~;: .glasS envelope, which absorbs most 
of :.;h:~ visible light, . The :j:-a[tfL)·whichwas used is rated at 80 
watts and'·'.in, assoo-i ___ atio~' wiii.h .. 'a choke coil, . operates from the 
240 vol't' A.G, •. main suppl.Y~:·i·· ,:, ' 

ii"\.·' Crude and.' refin8d oils.1'ltJ.oresce under both lights 
but t'l'l(,~f'liJ.or"escence<':is. dtst1nctly brieh.sr nnde· the lil,;lercr'a;: 
la~!p,~!vi1ic~l ~i78.2 '~herefo:,,>.::; Used th~"ot1gb.o\~t '~llG ~nvestigation. UnG,er 
."hl~ :+a'm'p,·port1.ons, D·l 't~ core ';v}nch cont.21.n n·ll shov~ a ~Tel1ow 
'.rlu.ore'sce'ncG' iii/hich VF.!l"'il::s in. ·in·l~'.:n£jj,t~t from c: ))l'"'j.ght golden Y'3110',v 
to Cl Da,l,·' vel""loi"Y bro";",=" >:,.,"\-"- .. ,,,(· .. ..,.·J .. 7 .·~(.,·)""..,Il·:·n-{- lJ'~O'·", +11,a ')r'"'onort-iIJn ~ c .. -' 1.1 _ jv ,! ~YI~,· c....t:"""i.:: ... u l. ..... u j -I-" u..~ .. l v~J , ........ ..., .t:J L .. uoL 'oJ G i::". ,"'. ", 

of the roc·:c.surfac.(,3; c~C';;l1;,:;J.l~- covel~,:;;e. with oi-l anq. on the thickness 
of theoi.l films. 

' .. ". .-:~-

'Vari.ous test s were carric'd nl)t to ensure that this 
f'luorescence vifa,gactl1811y produced.: l~~Y' ~;L"'l1d-::: oil in C:.1C core and 
not by any of' the other substan~e~~W~ich could be present, such 
as glucose s olut ion, merc urj.c c llJ~Q\i~(~'':: ·s:ne. me rt~liolate. Each of 
these substances WfiS tested u,ndr:;r0.1ti.~,;\~violet light and showed 
no f'luorescence. Next, ::;'. f'e','.' fr~~.[(,;6'·nts'-·0~t n~,09i."I3)3Cent and appar­
ently oil-bearing core were pJ.sded i"ri'it:J-S:~' '"to.b0.stoppered with 
cotton wool. N·.::i·chc:;,'"' tube nor .stoppe:t· shcr!ecl ;:0.0;): fluorsccence 
under ul tra-viol::;'G light. The test tube'iCl.s,

d

·tTlel1" heated for a 
f'ew minutes, cooled, and botr1t'1~uQ.e Emd~:Gop)GP bore a condensate 
which g2,V:;; a bluish whit e fTu:-or-e'scen'cG" -c·~Tj-:i:o..f',3L:ot.~.011 dis-c D~lates. 
'rhe fl"'c~gments of core werealRO e;;C;;:tminecl /~r~.'3r t1epting [~nd found 
to h,::ive lost all fluorescence und'H'· ulti.:·d~Yiol-et·:light. n ~t\Jrther 
experiment ·,.'\foe carried out using, 1;;SheJ':!j,i:'G;.:;~;·-sdlv,e;nt to :::'(;n1ove oil 
from a port ion of fluorescent c ore ~ ;?}fd:2~i;·G'.;.r'drY1ng D.C 10;; tem­
pe:eo.ture, the COl"e no longer showed :,riVoi.""'::::rce:nce·.·: Fin<:.J_l~T a 
portion,of ·the Q.ore showing no fl~:or:e,:scU~1"c:.j, 1iV~lS ·impregn,·'c,:x1 'Nith 
Lals.:es Entrance oil and the res ul t ing I~~UOl"'0-sc,enc€ w.o.s ident ical 
with that f'c:mnd elsewhere in the cor'es.' ',: .. 

( 2). P.rcc edure. , '. . ... -'.-
_.1,.' .) 

When ul t ro-vi olet 1 ie:llt ':(;x:::t11i D0t ions 'J'!el--e ini t iated, 
some of' the cores f'rom t,he Shaft BO.rc 1.1c.("1.b,oelD Withdrawn from the 
8'3 aled t iris, cut into short sect ions> Ccid,proxirnatel;;T 311 lO::1g) and . 
o;~ch section sealed in a 4 oz. airtig~},t .. 5'cil..!.~ 'Other cores remained 
intact in the sealed metal contoiners'~~~· .. The'cxamination under 
ul'cra-violet light ilvas carried out in o.~):1.8 .. rk: room and care was 
ta,ken. that each core" or section of' '8 core 9 'should be exposed to 
the air as little 8.S possible. '" '; :. 

In the first series .of' .. te$'es the external surfaces 
of' the c ores were examined and t heCfist~;'':''ibut ion and int ensi ty of 
flUorescence plotted on 0 columnar ~ection of half' natural size. 

• .... , ••• ""to-. 

During this examination it was f'ound that the patches 
of' oil originally observed on tho surf'oce of' the cores could no 
longer to discerned under ordinary light. Tho ultra-violet light 
showed thot oil hod been absorbed by the yvo.xed paper in which' the 
cores vyere wrapped. However., it wo.s found thClt the potches of' oil 
on,the'surf'ace of the cores vrere.visible under ultra-violet light.·" 
The complete sur.face of' the core ilvaa portrayed in three column'ar 
sections whi6h were obtoined by placing the qorc in a core holder 
in which it wos· held horizontall~l and could be rotated about the 
horizonto.l axis. The core was viewed f'rom above and the distrih­
ution ond rei.ati-ve intensi ty of' tn.e f'luorescence sketched on tOr': 
tho columnar section. _.' The :core V;vClS then rotated 1200 in 8.n anti­
clockwise direction to the second position9 cxnmined, 8.nd similarly 
roto.too to obtain tn-a ·third·.pdsi.,tion., I'b.'J tcp Dnd bottom of' each 
cor'J '1 (; re 21s p ex C;[llln ;3d n n,~,' t h,~ f 1 l: () I'·):--::C ·;:.v~; il c·t cd • 

. ~ 



.. ----. 
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.'.· .. ··,.'1··. ;.1;: 

.. ' '.~ ',"'J r 

.,', ," .. ~ ",'" . 
.. ----- __ ..... '-"- Tho'r'c'sulting '~or6 -di8gPCln1 --i:)!'ovidod Q clenr picture of 

tho distrib1.:~)...0,r£ o:;=' oil .1 ~hq, surft:,lco of the cores. HOVll8v.ca,r, 
subsequontc.;z:smdnCLtions J USi11g'cih improved method, showed that 
.t.hese dingramG9' Dl though thoy indicnt cd the princ ip81, oil.benring 
zones, did notpresont a true ~ictpre D~ the original'distrib­
ution of oil'1n' the rockbc~busuJ in many cores, oil, which had 
WGllo~ ?JJ,.t.,_.9f~,,::p?rtj.ons of .. p QoredurinR drilling cmg..~_~~ovory,ll ..... 
hod 'c::et'-heI' grD:Vl to.ted down tho surfnco'··of tho core, or hcd .' . 
boon. si?rco.d ,by the c oro catcher ovo.r C\ lo.rgor ["reD thtlr'l it '. . 
originBlly'occup:bed. Tho distribution of oil on tho surf::lco<C ould·, 
c~lso bo ·affectod during hcmdlingor b~T movement wit.hin the senlcd' ,; , 

.' me t 2.J: ,j'cont o.i no rs " 
~ 

,IBtho:procodura finally adoptad, each core or portion of 
core was cut into thin d;i.scs ~ overetging Ctpproximc.telY l-II in thicknoAs, 
by moens of n sD'3cinlly constru.cte:d.coro cutter. To fo.cilitDte tho 
oriont[:ltinti o:f thesedisc.s D:hoDVY pencil line was drmvn longi tud:'" 
inally on the surfoco of the core before it was cut~ Each disc cut 
from the coru could, thcn,.bo plucod onp shoet of .. p.8por in, c6~rGct 
oriont8tion'~' Tho suita of¢liscs so obtc'.inod vvas: examined under 
ultra-violat light .::md"the . .f+uorcscont ecreasshowi.n.gon CDch w(;rc,; 
plott.cd On .. Q . shuot b.opr3,:ng 0. sori(js. of circ~.cs r.(;),p.rq.~onting crDSS­
sect i or. 3 of e ore 'ot"'11Cclf rii:,turc\l' 's'i ze. . Both obvc psc<."and ... r.~o:io.r.·$_(;;_ ..... 
siCes v/epo eX8r.Iincd to prQv.;Lde two SGrios of, di;;grhms···from wlJ,ich . 
the di·stributinn nf oil in. tho cor'.:; could b,e clo8rlt established' • 

• " " '. ' .' • . I I • ~ . f ) 

" ,., '. ~ I • f..... . ... 
. ' .. ,' '* " ' :,' " , : 
"" '. Tho ll:i.'::.r"J:>r:.ms showod·thcit the oD. co·n-tent.bf· thc,s'andst'ono 

variG.d"jnt:j.fl.OlY~ Somo soct~"o:n~ of thG cor(;s,s,hpvv;ocf 'rib tr'c-c:cJ,oi. oil; 
somoc.o.X'rrie.d ~; c';f)lntoo. pDt cHiC,S:.:' of oil; others:' showed dofi'n'it1o oil 
Zof}9-s·· .. ·in -·~vhl,C:h .. tl!.oQ.iJ7qQ .S'<.r¥i:nei porticns couldb.c .. t.r.8.c,Q.d. witP-o ". 
cLafini t,c .ve rt io cl c nn tin 1...1 it Y ti1:"r·,~u'gYJ. :~. 'nnmbcr'""of [",dj Ctcent,--G-i.sc..s.,.:. .... 

I. " ,J , ',' • L.I .• t, ;,; ;":.,' • :,; ,,' I,' • .' :.. • '. ": : . ~. '.: ".' • ~'. ,', . • ';, ' ' • . :.~ . ':; .;- • 

, .. ',:P¢r '.t.hc;pur-p oS':e·.>ofp.,ortrcyr-J.;j·. t.h-o· <sandst orlo'iTy Q's'.':c:lo.ss i- . 
£:i.o,&' \n·t 0 'tho fOl'loydl1g. l:f.:i:ve ~GdGs·,bJ's ,):d on .. , the Pfop'()r'~tbh of' 'tho; , :i 
rock vrhic[r sb (mod fl'1j oro sclunco';" .... ,. .. . L.·. ,.' • ;r; .: '. ....:. 

'.' , '.,' .. '.,.- J." - ~ .6 "':"'.' " .' " •. _, ;',. . 'r 1 • 1 
_, ,_ ,II '-I,"~ _'. ~"~", .} 

(2) 

Oil".;oec.ring' patches' .cov.br1ng·
i
075% or more of<thd, eOJ;"6":/ 

in!cl>-b8S soction.Dq&>with vertical, continuity.:.·' ,'." .. 
, . ." '. ~ . ,I I,' .. ': . '. 

Oil .... boOJ:"fit:\g potchos cOV.oring,.,D.pprOx:LmtttGlY:' 50 to '75%. .' 
of thb' co~o in cross sobtion pnd with vortic~~continuity~" 

. . r . .' . '. . 
E3~ec.·ti ons, of c oro carrying n.umo.r.olls Sme .. l.l Qil-boaring 
patchoD with no vertico.l c~n~rn~fty~ 
. '., . . , 

"' -I 

(4) sdc'c i l)n8 ,;'0f'C ore 'carrying 8. fDWoil-boo.rtng .patchos. 
I .. ~, 

(5) Cora ~~rrylng,~o oil in crOBS section~. 

Fro~ thes~···~~.'~~:;·~hs'$:'·,861~rrin~r·~·6·~tions of' cores "2d"'tb:j~8: :'i,ri"6i
1

us{vo" 
·'were"·'pr-e·parec1:":"6y;prO~j'G<:.l~'iing . the ',S andst one s of vflri o\ls "grD:~i.es; a~. 
Gst?bl~shed bY'IAe<!,~~f~7:"~s l)~+ii?: a: S'.e(:Zii)~ L~~iP:~.6aenti.n~, n vo~ti-' 
cal pIqne P:l'49..l·"h·f·-r:~.~·~'h~e· c0n~ro u:t' th(; icore~ These·'sectJ.oDs 1.1 

. are shown on plaG. B,:2' to; 10 J.nclusJ. ve'l A· generalJ.se,o. .columnnp 
section of.,the'~iD'- {·l~.):bt:glo.uconitic sandstonG penetrate'd by the 
bcro~ and shO'.v'inQ';'i:h'e di~tr±bution 'Of oil, wDs;:;i:hen·.·.prepared from 
the individuo.l c ~~;;:'lmnar. sections nnd is shown li i3n platEi',1. 

• 4 '~"""""/,,,,", •••• ~ ••• ~. " --"'~' '1 ••••• _ .... I .... 
H 

II" "~'" ._ ~ ,_ ....... ~".. ""_~" ......... ~' .......... ~ ........ _~ ... _ .. ~ ........ _ .. .-...... , ,':. ,,, ..... ~ .•.• ,._ •• _ •• _ 

.... ,.,.,,~.,. . ".""'-, 'r:v~"".' ' :]:JI8 TRIBUTTON;' OF' -o-:r:h.,·~'-:-·:-", .. ····-·":- ., .. ,.. .. -: ...... - ....... ' . 
... :-..... ~-~ .......... -. . 

., ',; :, : :~"" .... ~i .1,"".' :', ;.1 ,,:., :.i :'·r, , ,.;. ";'" .:. : j ',. : •• ," ." . . l'.C . \ 
.;.~.2.. __ Qj.-7t::be?lring Zone's in the "ShOi't· B6r~,'~ :":>': .. ,"::-:,.'>::)' 

Thl) vbric\\1s' "oo.re. di~gT8.lJl?,! ,.p~$W~., tr:pt :,pt'+' i~ d\istrip,ute,d, 
irregulo.r'ly Dyer the wh,--'le 188~J.nches nf c orerecov8,red, aodA hat:" 
c.n Ctggregr.tc 0:' rnly 6:";~hnchGs: 01" 36, 90r cent 'o!,"th'f!"core 'hds no!. 
discernible .trnce nf ~il. ~y using the classification shawn 
2.b('lve~ but e, ..... lnbintng e;ro.,:s 3 ;-nC'. 4 p t':J.C f,-,ll(")wing c:ggrGgr.te 
thickncsJos rr8 nbt8inG~. 
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Total thickness 

I',: , I 

~"'i • i ' ... I! 

% af tatal care 
recovered 

--~,--~~~~--

Gr,aa~; 1, '," .: ' :: ' ' 22 inches 
"c;3-r.~.de ,~ "'i '.: :,:, :1 16~ 11, , 

G~~Pi~;~' I~na;'~" ,', ' 82 . ", 

11.7,' , 
8.9 

43.4 
36 G d '5 '... , '"" " j, '6'7~ H, ":, ra ei ;,f,' "',' 4-

..... 1. •• ~ •• ',~._r ,\ ~.~.,' • ~~ __ _ 

.. " ','-:"':[';1, ;. ; ";", '1.8St: inches 1.00.0., 
- III 'tlie ,sandiitone of.:graa~:21"'an---:::a~e;~gr~' ~e-~ga:=:,~re:J:"" e~o='=f~·'''o~iiI~''l''!:y::!'''''"'''!I'''''Oo:-'''!!'J.nches 

is a.lmqst~~t~p~l.l4'" oill":'b:eat'ing ~ntl,"it is i1J:'.p:b[:91~ t~J.8.t l.:tpst of . 
theCi~l proq.uCl'ed ',ca.n be 'attributed to' these 10 inches. Hawever i it 
is believed tr.a t sonie ail may be produced fram grade 2 sandstone 
althaugh the yield wauld probably be small and the recavery relat­
ively law. It is assumed therefare that ail is praduced frem sand­
st~ne,a~ botbgrade l'and2,but ho'tfrotn the ather grades. on 
thi~ basis the,aggreg?-te thickness af sandstane fram which ail 
might, be J?J;'educ!3<iis '58:! inches, distributed in ,five well defined, 
zo:p.es ' (Nos~: ,1 to' 5) , shawn on plat eland in the fellewing table. " 

. ,-.. '/ " ' 

,Liinitsof zene Aggregate thickness, ,% of tetal 
,iiepth' 'be19w ta.p of sandstane from thickJ;less af, 

z.one~ of" Glaucanitic ' Which' (hI might ail preducing-
___ ... '.;.." ...... ~dstene. ,_' _____ ~ be .p!.o~ced.~ ______ s ... a_n_d_s_t;:!ne. ," 

;L 
2 
3 

,4' 
f?: , 

II .. ~(i 
12.~ 
8.0 
2~5 
6.0 -""--.... 

39.5 . 

28.0, 
. 30.2 
20.2, 
6.3 .. 

15.3, . 

100.0, 

.. '. . zenes 4 and 5 are minar anes cansisting almast entirely "'ef 
grade ,Z"sandstone and althaugh passibly y.ieldingsome ail appear 
to'othi'n a'rid 'iselated 'to' war:rr:ant inclusianin the calculation ef 
total eil centent. This is supperted' lJytheclase' parallel, d,iscuSB­
ed be lew " between eil zanes in the Pilat and Shaft bares which 
f?uggests'that zanes4 and 5',extend', intO' the Pilot bare,where"how­
ever, bailitlg 'tests have . 6hb~vn that their yi~ld is insignificant. 
The ~:robab~eeff~ctive thiclaless af praducing sandstene is there-

. ~0t~: CbPs,~a~req.~o be:,,';31'inches, camprising zanes 1, 2 and 3 mC:?asur­
iug 11 inches',' 12 inches and 8 inches respectively. . , 

.fu. . bO¢.12arj.e,an 'af ....§~~~lli..2:!! Bare L.9~. 

,The praductive zanes as defined by the Pilat Bare leg are 
shelJm" in"'I>late 1 and are listed belo.w far comparisan with the 
zanes cansidered capable af praduct ian in the Shaft Bare. 

preduct ivezenes~ 
pUot .Bare Shaft Bore 

, '~ones 'consider-e~d---,-----=Z-€)"'n-e--
capa'bl'e . of preduct ian. NumberEl'. ',', 

•. ~ I' 

. I' " • ( : • ,I ',; , ' ,,'I \5 ,: q' : ~ , 
~~ 1~'_. ___ . ____ =-__ ~~ 

Between" . : ()f:,' -:"-.~"i4 ''0'':; 
. '!L -',.1"'(':: ~': 3!' '.'~: l:q f ~1! '), "" 

,!'" " ,.( '!~14 f'41! :. 15 toll, / :,,',' !.' 

.. , 16" 7i• : -! !18,'t7"I'.:" ; '. 

; ,Between 
, . 

·1' 8 u : - 3' 8" 
7 t '7.:ui, -' .9 t Oill 

11'11'" 12t 7~ 
13' 7::L" 13' lO'l; 

.~ 

2, 
3 
4' 
5 18,! 8!" ,- 19' 2t" ~~ __ ~ ________________________ ,~~~ ____________ , ___________ ~'1_' __ ~-

, , 

- __ ._ .. _I ____ ------. ..-..,,)~~.· " '~~ '===--.......:...-... ..... ,----

¢ Including 1"· ,nqt, r.:e'~ov:€;}r,~!~ qV-t include~ bec~use it accurs in the 
centre af Zane 2. " ,., . '".,' . 

) \, ' , (r I., I' ": :I . ': .;,: ,:', 

Q :!, ixctu~.irig :t" of 'grade 1ISan(ll5~qz::e ~nc~uded in the 38:i:" af' grades 
" 1· and'2 :·sandstone.' 

.;' 
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only two product ive zones (the upper. i:rV"9 .. shCjwn::in'"the ; .. -.:: ;r,L, '.i),: 

table. all,ove) vmreoriginally'- est'ablished from t~l'?,p:i.;10;t;Bo're'., .. ,.,.r·.;. ;, .;', _!' 

log, b~t·: .::r8c:onaiderat ion:o'£ the product i.on 'dat e;, .,in· tlW .. l~;ght):of' 'i,_ .;. '.: . 

inf'orn~~iQn provided :by the Shaft Bore;::j.ndi.cates th; .. t) :the. . -", 
second zone fr.om: the 'top in the Pilot Bore includ.esbo,th zones..' '..1 .. ' 

2 and 3. from the Shaft Bore,. and 'that' there' ai"e probab'ly two 
very minor oil-producing zones .in .the lower sect,ion ,of the: , 
Pilot .B9li'e ;vvhich correspond apl?rox:imatelywith' zOlles4and 5 o:C ' 
the Shaft Bore.. The evidenc;e:"fr6rii'tl1e existence of;z'ones4 and 

, . ," 
• r" ~. 

" 

,L,"' 5 can be, seen ill: the proo.ucti:ongr:!?-ph accompar:ytng a"report on 
the Pilot;' 'Bore by L·., CD :Noakeis.·' (i~4=5}o ' '.on the graph, Which shows', 
the average. pl"oduct ion;of a:tY';'o±l(~ ·'emu.Isfon andyJa~er :<per co;r.e . " 
section., the rate~:of .. dec~J.n¢ ~:f dJ:':7"b:L:L :produc~d fr·qm· the sand..... ',' .. 
stone above the base of cor'e sect'ioh 8 "decreases markedly aft.ev,· 

" ,.-, j ." (:;' 

sect ion 9 n,a,d been ·COr"8d. and' j.lldicates· 'EC l)oss:Lbie small pro- ' 
ducing zone (zone 4;)" prod1..1.c:ti on actV,/?lly increase.O:s;:Ligl1tly: 
after sec..t·iQIl 1:1,' 11.fl.-d 'Peen: ()ccred,' aI+.d·.indicate,s a PQ,s.sib·l.e.Z:orie' 5,.'· " 
However 1J 'the' coinbil~ed' produ,ction'fr'om ,2;.'on8s ,4. and. 6.i.E3:only a.', .';. 
small, fraq.:tieD:. c.t' the t.ot:~i;·t>rodU;p~ i,on 'o'fr,orn, ;~h:e' Pilo.t B.:ore~ .' 

; ", " • ". - '. • . ,. ", ' • I •• j, _ ~ .• ' .. " . .• • . .' .' ' I' ~ .. ", • ',., ~. :.... , ': '. '.:' • • ".·.i: III 

.' ,:1. ·The:apo:l.rd:t-a'ble ,sP:01ivS 'that' e.Iiovi1ng for errors in, .. 
measurem,~:nt in :t.he tw6·.'bqre.s, theprO,du.ctive zonesJl: are comparable 
within:.ge.o.].ogical. ,il:~.;mit·t·~,;; Fot this roaso'n, there j.s justifi:@a:tion 
for usip.g: ilJ,:t'ormation-gai'ned' from prQdubtionte,sts at the Pilot . 
Bore to,aid, i.i"l interpretin~the log of the Shaft Bores.Vlp.ere o~l 
vias produc.edbut no ba:t'libg tEists cou.lq.. be carri'ed out t .'rS'ince:the 
bailing tests fr·b~n,· thepilQt$bre ;i,ndicate that no sig;nJfi c ant . oi)... 
produc,ing:;z0BCi' Gxists between' 12 feet aha. 23 teet .beloy/' 't1J;e top of 
the sandstone s p.l"oduct::Lort 'cif o:tl from zone's: .4··a~d. 5' J,n ,the Shaft 
Bore, Which. occur betvJ'een 12 ~71! 'arid 19! 2tllbelov7 the top ot; the 
sandstone may be regarded .af?, .insi,gnifican·Geo It is co,n.sidereci, 
therefore, tha~ .. ,;L:rl tti~· u]lper'.·'19f.eet/glauconi t~G'sandBtdne" in the /o:f 
vicinity of the Lakes Entranc'esh&ft the productive oj.l zones are 
restricted to the top 13 feet;, . 

• ," 'J,"""'. , :~ ... "':. ~.:-." ..• ,>~','., ., .... ,,~,:,,~".,:<.:,. 
Ce Gener'al"'nistribl.ltion of Oil in the Glauconiti:c sandstone .. : 
..... --............... -:~ ..... '~:-----""""""""""-'-"--~~--<t~~~7""""""'- t .14 ••• :1 

I, .\ 

In gene~al';. the distribution '~t't!i:~' oil~bearing sand--,,', 
stone as indicate~d by ultra-vio,1.e~ 11.ght ·iJ3.)n.o.st. 'irregular ...... ExaIIl--· ...... ' 
ination of',·thediscs·in'di"C'ate's that virtually hone of the. core 
consists ent1.rely of oil-be\3.rirJ-g sandstonce·,.,An aggregate thickness 
of approximately 10 inches' 0:f6"6r"t!3'{s:iiiTIost· entirely composed of 
oil-bearing . sandstone : put ':even~th1.s portton contains small patches -_. 
of barren rock, and 'in the, grade .. 2 sandstone" the oil-bearing 
portions apparently ocqur in :f6;tches Yihich const'itute 'approximate;.. 
ly half the rocko - Furthermore, there is evidence in the cores of 
a 'complete gradation from barren sandstone, through s\3,ndstone 
carrying a varying 'nUmber of·' ~oil~bearing pat'ch~s':~ to rock all'1!.ost .. .< _ 
entirely composed of oil-bearing. sa11d:stone with only small patches 
of barren, ·roc'l(o., " ' . ' ' 

The ···~bj.l:-:-bearing· zones estabb.shed 1.n the pilot, _ and Shaft 
Bores occur on approximately the:samehor~!..zons within the sand­
stone and tJ:1.is stl"'ongly sugges.ts hO,rizo:q.~al cont inu.~ty (>yer at 
least 100 f:e~t:~"~:nd II' obabl.¥: .. oveJ:'.a'consider~bly Wid~I',~n~erval., . 
This i$ sub:st:a");.t:iated, t-o' s'e:m.e"'e::::~tent'9 byev~dence provJ.dedby tne 
logs, o'f other bores on the i'iel..d .. ," Ta1:l~e 1 shoWS the distribut ion 
of oil as recorded in the ::;Logs. of .eigh~ bores situated at dis­
tances of up to 6800 feet from: the. ... L:alces: Entrance Shaft, and the 
relative position of each bore· is .. indicated by bearing and distance 
from the Shaft itself co Hovvever,.· c.onsideraple caution is necess,ary 
in interpreting andcorrelat:Lng Dlder,'borE3,:logs because many were 
not prepared under tE3chnicalsup.~r:v.i.s'ion, ,~nd because the positions 
of oil zones vvere not'deter~T:1ined .. :by critic.?l bailing tests. An 

<.'1 

" 

______ .. _________ .,_~..;......:. ___ ' .. ' ,. n~._ ... ~..:..:;~~::.:.-:tJ.- " ... :~.~. _________ ,_ .. _'"' _____ ... ___ ~ __ _" ...... , ___ ....;. _____ _ 

x productive zO!1es~e'f'~rs·;:tO :)zo:d.e$ ?'s,tablished by q~iling t~sts i~ 
the pilot Bore and. zones considered' capable of pl-ioduction .,in the 
Shaft Bore o ;' 
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additional 'po$E)ib1t3 so~.ceof. error lies. in the" logging of the top 
of the glauconitiQ:sandl;)tone.rns·ome bores the sandy . glaticoilitic;,', 
marl overlying the sandstone appears to have confused drillers and;.'···.· .. 
may have given rise, t Qerrors railging',:\ipt'" tto several feet in 'the . , '/..... 4. 

logging of the :top qf theformat;i.pl1:e ,.,: i,i .. ..... . 
'! i 

, of the bores, list ed in t he T~ ble I Nos" 8 and 10 Govern;'" 
ment bore.6.1vver.e -reli'ablY logged but nO details have been found re­
garding the supervision of the remaini,ng six" : Hoy/ever, the logs 
show ·f:alr,ly close agreement arid appear' toe stabl:t,sh . at least two 
oil-beari~g sections. The upper secti'onlies at the top of ·the 
sandst'oneaud ranged from 9to 14 feet in thickness; the lower,· 
section-ds commonly situated at or belovl 24 feet from the top of 
the sanQ;stone,ap.q. .~ppare~tly varies considerably in thickness. i 

'. ,T'..., ~ .... ;'. ! I • •• -' • • • ~. • _. , 

' .. : It may therefore be .concluded, t.hat • over, a larg~ ar,ea~· .... 
the g:laUG9nl:t"i,c·,;sandston~ ,contains' oil~bea~ing' zones. :Lii';J.tsupper' . ,~. 
13 feet. ,A relatively barren section Ties betWeen approximately 
13 and 24: feet but at, or below ~ '24 feet' a~ additional oil zone may 
be expected. ''.rho·Pilot i' Shaf't ,and, I~;a"'ay b..Q.t'cc have not penetrated' 
the glaUC'onitic sandstone far enough to test the lm'ler oil zones, . 
but they have established. the details of the distribution of oil in 
the u~per_'J~~cti9.;n.: .. Unfortunately, most of the'qtiier bor~ logs' pro.­
vide 'irisufficie:nt, data ':ror detailedcomparisohs·Withthe::PilotBore· . ~f' 
to bemad~;.butp'~ogre88ive bailing tests Vlcrecarrieq.out· during 
the ~il1ing: ,of, <No.8 Goverrunent, bore, and tt,J..G'seestablish an oil .,; .. : 
distributiqns·trikingly similar t.o .. that est .. ~blished in the ::Pilot. 
and Shaft Bor-es, 6800 feet awaYf)': .Thezqnesestablisheci by thGJ3e 
three bores are shown in the follo,",'J'ing table :,t 

-: • t~ 

.: : ",,, Major 0.ilz6riesEstabli~ed bl_PJ:lot, SEaft and·: 
. " .. ,,, .... ,,., .. :'., .. :. No~8 Q2verrune:h~,~~~" ... ' 

Shrift Borees --- ......... 

O. ,'.' ... >4' .<,0'" 1.'8" - 3' 8" 
8' :3"'':;'12''0''1'7'7.1.''-12' 7'" . 4 .' 

~; . 
.... ,,;, I 

.: ... 0' - 2 t 
. :. 5'':' 9' 3 " r 

.Not j;lOne,trated· ..' Not· penetra,t,ed ., )', 37' ~ 40" . ~:'i' 
d . "-"'-"'~~.-'_, "':", .--. -..:.. ____ ..,. _______ ..;...;.. _________ "'--..,.......;...... __ 

.. L • 

D ~ources of Error~ . • 0 ._.~,_ 
".' . 

'" \.\ ~ " . 

;,; .... '. In appj.Ying th.eresults' of tho ultra-vi·olet. light exam- . 
in..ation to the calculation of. oil.content of, the glauconitic !=3and~ 
st·one.-due conSideration must, be given to the· errors whict,J. may be 
invo'i.J..e'(:t~ ~':"i: , .' '. . -" .. , 

, ".,' ',r • 

" .. ·,·':.,In...: tl1.e first Plac.e"co:~,e· .. r'e60very from the '19 ,. o~.uf of 
glauconit~:~' sandstQrie' drille.d .ap'io:l,lIlted to only 82.5% 'or :15' 8i" so 

. that "the cort3S provide no record of 3'4" of the formation. This 
'ios8 is unfortu:r:w-te, but on a~alysis it is not as ser:i0us as .the 
figur¢ssuggest. The length and position of the sections from 
which"no ,.coreIJv,as pbtained a1"'e. as' follows:.. 

Section •. . Core ·No.· 
, ... :. '.I .". .. 

'. :":. Depth.pelow top·of. ,', 
'Glauconitic sands:t6ne. 

............. j 

'2" .~. - '. 

'L9SS in 
inches. 

'.' 
.; .1;._ 

18;' 
~ . . '. 21, 

., 12 
'., ,1 

.' 11' 
3 . 

. : 3 

. \" 

. .;,'E~~i~ding the" upperrnost2 inches of hard glauconi:t ic, ~,andstone p 

recovered at. the baseof·core 19, b'q:t:, not included in' the ...., ..... 
invest.igatlons., .' .'" .", .:,,' ... 0".::,:, " .' , .. 

,.~ :. 

. .... ; o. 



~~;;E_~. 
x 

DISTRIBUl'ION OF OIL IE GLAUCOI:;T.l'IC 3L:D3'l'O~,;:;:; .t~S I::",DIC;"'J,'ED :~y :DO::?E I,OGS. -----.------.------,,-.. --~-----.---.------..------.-~---.----~--- .... ---------.... _ .. _---- ----_ .... _._-
.----r--------'----~~~~------------------ -------~ .. - --- .... ~--.... -, _ ..... ...... ~ ... ~~----------.-- ........ --~--~. 

Bore 

-----------------------
No.10 Gov. 

No. 1 Oil Search 

Fosters 

No.. 3 Pt. Addis 

No. 4 Pt. Addis 

:tb. 8 Gov. 

Midwest Ho. 2 

South Australian 
Oil Co. No. 7 

DirectionlDistance from 
from Oil Oil Sh&ft. 
_Sh?£t __ _~ . .Eeet ______ , 

N.E. 1120 

E. i~·. E. L~200 

S.E. 600 

S.S.E. 1650 

;''; . 2440 

'il. N. ';if • 6800 

N.W. 1320 

N.H.W. 725 

,-_____ ~I, _. ___ ... _. __ ." 

Thic~neS2 of 
Glauconitio 

De:'o .',l~ ' .... 61·"'r '~o') o'£, :.::! l.J)..~ \...J - \...-:..v lJ 1: 

Glauc\Jll i tic SB.i1c..s to ne ~lemarlcs from Bore Logs 
____ Q£....n.9&. t Ql1.? ___ L __ .£. t J:il.~i c 11. .. YJ.l_p b 8.QLY ed .1 ___ . __ . _____ , ______ _ 

L~5 

42 

31 + 

39 

38 

40 

28 

32+ 

'I' (X] d..r ;)r ) 

4 t - 13' 7: 1 
) 

22 t 1 'I ,i _ 25 t 11 il ) 

32 t 5 iI _ 36 f 6<1 ) 

11' - 12t 
24' - 26' 
29' - 30' 
11' 6,1 
2L~t1001 

To~ 
25 - 39' 
Top 
10' 611 

ii' 6" 
25' 0.1 

29' 6" 

0' 2' 

6 11 
) 

6 11 
. ) 
. ) 

) 

1 
5' 9' 311 

1 37' - 40' 

1 ' 
4' -Go 

14' 6 i1 

Oil observed in cores. 

Oil observed in cores. 

';Good oil shovving il on cor·.~ 
i ng; cora sa tura ted. 

Oil showings. 

Approximate limits estab­
lished by bailing. 

; i Go :)(J. 0 i 1 ii • 

Still producing oil. 
';3p18 ndid oil ,j. 

20 I - 31' - _ Oil. . 
1'0'") - J ""Strong 0 il ii. 

__ .. _3.:L~ ___ ~~:::...32_~_, ~.....::::.-_~ ~,,,_ . .'.!]:li_ch _o:i:.l,~I_. ______ _ 

x The inforr,lation is drawn frmH recoro_s )U1J1..iB~:'GCl i)y tbe ~.,iGes DS)artl!18L1t of ViC"00ria, End from records com­
piled b~r hiineral :a.esources 3urvey. 

~' 

~ ... "" 
,< ~ .' , , 



TheI'(-:) is no reason to believe that cny 'of'these"sectlons:'>,r( 
were lost· b:.ecal;lo8. ~q~y .. c,on.s~ sted .. qf ~ ?r included~ inc ompetent strat a 

- which fa:tled .,tD·C9/h3,~·S.ection.r·:w,@,s:' l,bst' becaus,e ~cor.e 20 did not 
break;QJ'%,;w~~~rl ,the.·core barI'e~_ ·,was.r~·tsea;.t~ut ,remained· standing in' 
the hole'~i .,Reeo.very ot. ;the. core' was,' attempted but only the basal 6 
inches su..r:v)v~d. the prQcess o Asi'milo.'l·'<;acdident 6ccurred with core 
21, bu,t,t:a, +:.c.p:re lifteri.1· :was fashi onedfrpm 's: cylil1dric 801 t in and 
a 100 per e,ent. ,rec ove'rY'i:effucted~ .' 'I' , 

• '.. . , '.. .~ ... I '. " • i ; J • ' 

Section 6, from the base or co~e:25, was also lost by 
accident~ The core barrel was block~d to tqke 2 feet of core, but 
2 .' feet 11 inches of'·formati'oDwelo:e .. 'd.r··illed·o ·· .1'he first 2 feet were 
recovered and the remaj,ning 11 inche .. s livere ground away. The 
remainder of tl-:.e :i..OSG sections :~rOs;,·:2·s"3, ~" 5~ 7 and 8 represent 
minor losses at the bas.Y.Gf: cores 5.ncur.rell " J,ring the process of dry 
blocking and br81:lking. t:10' c:,-,res. prior to '.vl th·-drawing the core barrel. 

\ . , 1'. . 

T~or8rore It,.moyb8 assumed that those sections of core 
which lifer::; los'~; a:..~a ess::;t'!tia'lly sir.:ilar to 'chase' which livere recov'ered 
and do not represent or lDclt'!.dc any UDJ':'0COj,"d6d. phases of the glau-
coni tic sandstone, . 

A fu',;tb8I' analysis of' the 10s8'-:;8 shows that Nos. 2, 3, 5; 
7 and 8 oec.]' tn ilnpr·orl.uctive sand8tc)~8; bounded 'above and below by 
rock which isbCi.ri.'8D qr 'which carr'ies .only traces of oiL Section 4, 
consisting of' 1 ':Lncll at t11eb Ci.S8 of' cor.e 23~ lies in :t,he centre of an 
oil-bearing ~Oi1C ar:::l has been included 'in tl',e productive:sandstone of 
Z'one 2Q Any si~;nlfj.c an t, ::;, 08S, of' o:Ll-bc8.rJ.ng s andstonEi is, therefore, 
limited to 8ection~ 1 and 6, . . 

2 ect j_ cn 1 C ODG j.st SO of thel.l.p~0J.'> if3':lndhe S of' core . 20 and 
probably ~incll.;·llcG some SCi.i.'1dG'L;One cE,,:pe.ble of pI'oducing 'olI 'sinc:e the 
basal 6 inches rec~)"r(';red c o::J.Gists of pI'o:-luctive sandstone··:from zo.ne· 
1 (see pJatc 2). Hov!cve.r 9 · it is p:l;obaiJle tho.t the s~n.dE;ltone at the 
top of co:ee 20 is l1nproductivG' cince. tl'le 2 inches' of· ··gla'iic6hitic ~. 
sandstone ·rer0V(:;I·F'jrJ. ,~t the 1)?,f)3 of core 19 sho';;ed no tr'ace bf oil •. 
Section 6~ .ccns.l.s"Linc· of' 11·.inches o.ttl.I.·C base of' core' 25,·:almost:·· 
certainly incluu::;s GOlJle ;;n"'o·ci.;..::.c·t·ive s2r:di'I~C'ne f'orr.1:l.n&f'the :baseof' : .... 
zone 3, but. no al:o:.'~:8,nce for Jyhi~ 11a:5 1)8c;nmade . in dE?t~rmining the 
thickness ur' the zDn'e~' rl'r~c total .. loss in'co::::'e from sections 1 and.6 
amount s to 29 inc 1:."':: 3 ~ ; b\1t unfor (;;1lYl:2.tely·t118J."'6 is: n6J~;r.~1'iable 'basis ;.";";: '. 
for estimating ho~ ~Lch:of this~~3 D~P~~~~iv~p ~nd it··is·therefore;.~' 
not practicable tu appl~~ a qOrr'cctlpn,.tc5:the· ftgure Df'31 inches .... -
establiBhed. for the 8.ggr<,?ga·tetllic:cb~~,G·O:C productive· sa:ndstone~ The 
calculation of total oil ccn~ent· ~lil:V'.~th.ereforeybG hased em·the." , 
measuI'ed 31 inc11es of s ancl s.J~Qnc,y . all: bf:'1.i'VhiCh nasbeen e~;J.mineil: ,an.d 
tested for oiJ" an'4, not on on eG;~im8:Gc4't9tat i"igure involving"'i,:,! 
assumptions tn both thickness8:nd 'oil c(mtentol' sections not'·· ·recoV'+o'·' 
ered~ Because of this, the.figure~.for oil ~on~3nt will tend to be 
low rather th8.n 11ig1:1. " . .i:" 

,. ,. ,~, 

, .,.; , '. 

A second Gc'urc:e· o.:..'? error 1ie:s in Rpplying data obtained' 
from the S:3.",~ Bo;.:.'e to a wide a·l"'e:a.o;[" E~l81.lConit±c sandstone.:' The ,:" 
thickness of' tl1.e il'1divici.ual ,)ilz[vrlas anc,'i.;be agg:eegate thicknes,s··.·,~ 
of p:..:: ~lucti ve 88"ldstO:1C in tl":.o up p'sl'm,Of3 t 13 feet o:e the fo·pmation.. , .... 
may vary considere.bl~l f'rolIlpL:cG t~() place and resu~"ts .obtajin.e·dfrom., 
anyone hole may net nccessarilyrepresGl::t the av:erage for the' area, 
as a whoJ,e. ". , .. !. . ! :'." 

~ ~.. : . .,' 

The Pilet Bore is tile. onlY n'Gl'leI' drill hole in which an 
attempt was m~du to Ceter~{~8"8Qcu~at~ly through saturation tests 
on drl:Ll.c,oro3.;· t.h:::.· 8,-:;;,S"i'1er·:atc:.; tllicknr=;;::,3 c·1' ,p~"ccluctive sandstone ~ but 
this hare is..,oQ,ly H)<:"; l'e\Jt .c1.ic:tant.f'ror.1 th8~;:).a:ft· Bore and the order 
of aCe,t;17Erc.;;r:cf thp d~t.erri1iliat:ion8. 'v~o.s not hi3:h; due t6,·:the fPagmenttH 
nature Jof"',"G,he .' cur'e: s roc OY3r8J.. ..·H.p~lever" tho figure obtalned:·.:cron11:.the 
Pilot B0l7e 9' :.2~~.t·o 30 ·~ncli3s:;:!.·s. n6~r';n!.~ri:.:eJj:l:.'·d:£fferent·f:r(j~the~;·ic: .:: 
minimum 31"·ir.D.heoe,ste.blj,shcd at th~f:':"f:t Bore., Another·p.os'sibly>:; 

- significant 1'eet1..H'e i8tli.at the daily" .,Ll· ~Tiel,(r froi\1' the' Pil'ot':'B.8::re'·. 
is almost the S.:''''·~ 8.8 thJ.t f:cnm lli'lJ:'ay Bore$ sltuErte·a,i l ·60Q;· fe:et.llt'rJ) "t:he 

westo This sur:;e>~sts ti1at tIle reG8r',-oil'" chnracteristics at the two 



'-1.0":' 

bores are comparable. 
:. " :", ~ :,' •• 'j • .. 

. .' .. ' For tlie'purpDse of"c alculati on of' oil c ontenti t; 
will be :assumed'that,t;he,'aggregatetnickness of productive :"";~. 
sandsto'he·'th the:uppe'r':1:3, i'eetbf· thef:ormationj"sapproximat.ely 
.31 inches. A tr),le' ave,rage~figu:refor the area inyolved cann,ot: ' 
beobtainedf'rOrr(the data available and therefore ,any.calcul­
ations,bnseq. .onathlckness of 31 inches may involve an error in· 
thickness whose magnitude is not known, but, which is probably 
not greater· than, 40 per cent. 

0' ".,"" ":;- • 

" v. THE GLAUCONITIC SANDSTONE. ~ : . 

A • Ge nepal e 

...... 
. ' . ,.'~. . 

The unbroken pores recovered from the Shaft Bore 
t'prbiridea much clearer picture .of the glauconitic sandstone than 
slid the ,fragmentary mater.ia~ recpvered from the Pilot Bore. An 
examihati'on of. the' Pilot Bore cores obtained with' a 'Baker core 
barr'et'," suggested '.that'tlle glnuconttic 'sandstone was not' 9" , 
homogeneous formation but con.tained at le·ast three types o"f . 
sandst,one, varying in gra-in size and texture. It was· also c'on­
sidered that. tlese types graded one into another with no clear 
lines '.-01'. demarkation •. 

'<:'.; , 

'/' ,:,i> ',:' ,.',' In,general, the cores from the Shaft Bore confirm 
'these 8ar11"(3r Observations, although the variations within ,the 

sa,ndst·one are not dependent 1J.pon changes in grain size - at. :' . 
le;ast not to the extent, orig~pally postu+ated. In megoscop,ic ' , 
examination, ,cores;from~the ~paft Bore consist mainly of fine­
grained. calcareous glauconitic sandstone. The rock is fairly 
t6ugh ~a:nd. genE;lrally'reacts : slightly with dilute hydrochloric, 
aci~~;T~o va~i~tibns ~rom t~is normal type can be detected ~ 

.' • I 

.. ',' .. :. 

:hMore highly calcareous rock which is distinctly tougher 
that;l 'the, ,remainder of the sapdst one, pre:3umab ly due to the ' 
.higaer p'ercerl'tage, ·of c'alc iurn carbonate. in t he matrix and which 
occurs1h bands or lenses up to three or four inches thick • 

. ': ;" '. '. . . . 

, i1.'· A somewhat softer and more friable sandstone which occurs 
·;i~nn\lme,~ous irr0gUlar bands and patches but which differs .Ii ttle 

·'i-n appearance from the normal glauconitic sandstone. These; 
va'ria:t·fons:do not ,commonly occur in clearly d:Lsc"ernible bands' 
h\lt ',t$l)d';tb grade ·oneinto "the other~ Some of the harder 'bands 
ar~.·c!~afly def'iried, but ,~s a' rule the more friable material 
can only be detected hyscratchingt)j.e rock with a knife. The, 
more friable sandstone may also appear dapker in colour but,' in 
someG,orep; atle~st, this is due to the presence of oil.' 

'. ;- ":, In,some of the Pilot Bore cores' there appeared to,. 
be evidence of numerous thin partings in the glauc.oni tic sand­
st,one but cores from the'Shaft Bore show no evidence of any 
consi'stent partings in thE?rock~" Most cores of the sandstone w,ere 

. recovered, in' unbroken lengths~ butottlers were recover~d in .t:-:.o 
or thr~epieces which a'ppeared to have parteda'long horizontal 
planes :whiph may be bedding planes. With the exception of: t:he.se 
and 'of ·onesmalL fractq.re ,at the base of' core' 22 (which may, have' 
beencaiised by drilling), there is no eVidence in the .cqres'. ,6f" 
faulting, jointing or crackin~ in the glaticonitic sandstone • 

. 11. Petrology" 

. i 

~': .' ..... ,.I . . :,.~ . 

':".' .. :., Apet:t:'ological study' of glauconitic sandstQn~"h'B's 
bee'n:made" by Dr. F.L~ 'Stillwell ( 1944) who examined .s~mples' qf 
~a~dstone . from No. '1 0 ,~ore:, . Lakes Entrance", .' From his. desc;r>ip-. 
t:lori:~,'theepecirri.ens·,~examin,ed appe ar'comparable with the normEil,', 
type,. 9,r; gla.uc'oti'i,ilc· sandst6ne~found:in' the Shaft BO,re. In the ' 
report; bnhisinves~ig~tions Stillwell desc.ri,bed .the. rninera;+.~ :­
aEf$~inblage' as f'ollovJs:';;;" 

. ,,::.':::" 

• 
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"The thin se,ctions ,revealeq that the speciemns from the 
different horizons were closely similar in mineral com­

, 'pos'i t ion and ,texture, but varied slightly in the pro-
, portion of the vari6uscbhsti tuents'. ' They coqiSist of 

numerous smooth, surfaced oval and sub-angular' grains of 
glauc'oni te dispersed throughs. fine-grained felspathic 
s and stone which cons ist sof quart z 9 orthocias e, oligoclase 
and abundant biotite with minor amounts" of muscovi to 9 i:ron' 
r:/re,'IeucQxene, tourmalinG, zircon and apatite, and in':' 
pl~ces calcite, cemented by a greenish to greenish-yellow, 

,: ,isotropic, substance, ,.t"Jlresumably a glauconitic mud. 11 

Stillwell's stug.y showed that glauconi te constitutes" 
a significant' proportion of the rock - the glauconitic mud alone 
constitutes over 50 per cept in some specimens. Much of the 
glauconite was' ,altered, prior to or during lithification, to 
limonite andferruginou8 clay, and normal green glauconite and 
altered brown glauconite occur in about,Gqual proportions. ' 

Cores from the Shaf't Bore pX'ovide additional data'on 
the petrology of the sand~tone? since 9 b;STmean"s of the ul tra~ 
~riolet lamp, oil-:bearing abel non-oil-boaring portions of the, 
:r;'ock c an be isolated, and. 87amined o .A coraplete petrological 
ahd petrographical study of' these cores haD not been attempted 
but as much as, pqssible ha,s been done j_D the available time, 
and the results suggest a logical expls,nation forthe:di::)trib--
utiotl of oil within the" sandstone/> Marl,y fragments of oil- ' 
bearing and non-oil-bearing sandston'e "vere compared under the 
microscope and 'other samples wer'e ground to allow a clo,ser 
'comparison of the mineral assemblage, to be made!) ,,' :,: 

::In.}, 
Comparison of pieces of oil-bearing isandBtone- wi..trf, :",.1 j' 

bar~en rock shows no apparent difference 'in minetal cdriterit ~~~r 
'grain size. , In one or tV!O pieces oE oil-bearipg rock there may 
have: been a slight c oncen trat i on o:t:' lar'gel' grains" but detailed 
grain size tests would be necessary, to conf~r'm this, 

, , 

However, under the micr'oscope there is' a,marked". 
difference in appear.ance between :o::D,~bearing and b arred san~stone. 
Oil-bea'ring sandstone possessEls a!,:lt~lativel;y- ,open, even spongy, ' 
texture 9 whereas barren s andst one "- ,the norrnal type described,', 
above - appears t,ightly cemented, and ShO'.'18 comparatively fe.w ". 
openibgs.The explanatiQn appears to .lie ih the relative amounts 
of matrix in the two rock types Q The same mineral assemblage 
is present and the grain size is, approximately the f:;lame in both, 
but whereas one rOcJ,c is tightly cemented the ",other h§.S"'many. open 
pore spaces.~ This may. explain why oll-bearing sandst6h~ is more 
£'riable than ,the barren, rock. 

,.,~ . 

The prinCipal cementing. materials in thG glauconitic' 
sandstone are, glauconitic ;1 and calcium carbonate. As a rule 
both rock types sh61Ji1' some rea.ctio.n'1JI!~th dilute hydrochloric acid 
and there appears, to be no signifi,cant 'irariation in carbonate 
content between oil-bearing andbarrenroGk~On the other hand, 
the amount of glauconi tie mud ,V- '':'ent in oil-bearing sandstone 
appears to be lower than in barrem rock ,and on, this account some 
fragments of productive sandstOne appear lighter in colou"ll' under 
the microscope. The comQ,osi,tionof this, ,so-calledglauconi'ti'G 
mud is not known but it is presumed ,to 90nsis-t mainly of gla:u­
coni te in vari ous st ag'es of al terat i'on, ,and ,£'ine cl'aY,mate,r-;i~a!l. 

• •• • I ' ~. • 

, i 

From. appea:j. ... ancesalone 'one' WClul,d expect the oil-bearing 
sandstone to possess" a distinctly htgher' poroBi ty, and permeability 
thariL'the bar,ren r09~~ l{o.' pe'rmeability .-testshave'~ yet been: made on 
the,se cores but ,pol"Q'sity te's1;;s on selected s,alnplesi~$1l0vvl;n6: s,ignif­
ie'ant variation betw~ehthe ,two rod<: t;)Tpes. This pre's'ented. ,8. 

,defini to anomaly before the p ssib iIi ty' of planar wat'e'r being 
present in the glauconi,tic TIl,udwas, tf3.ken into account~ ,A discus­
sion of planar Vljaterarid i tssignif'j,cance in p oros'ftYdet.ermina-
tion appears in alat'er section,., . 

" ", 
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C. Origin of the Oil Zones. 

The general distribution of' 01.1 in the glaucont"tic 
sandstone indtcates that the more open textured type of sanqstone, 
which now carries oil,is consistently ,found on cert'ain horizons, 
and·this in turn suggests that the principal factor con~rolling 
its formation, was. a depositional one. ' . ' 

One suggestion is that. the production or supply of 
glauconitic mud during the deposition of the sand.stone :wa,s,not 
constant, but varied with time and place. The.result was" a sand­
stone in which the degree of cemen'tatlon varied with the supply of 
fine clayey mat'erial to f'orm the matrix •. Where glauconitic mud 
was relatively plentiful,a clayey mat.rix formed in the rock which 
swelled with planar water and gave rtse to~ a tightly bonded glau­
coni tic sandstone of' very low permeability. This has been termed 
the normal type of glauconi tic' sandstone and now carries no trace 
of oil.. Where the supply of' glauconitic mud was irregularl;}T dis.;. 
tributed the resulting sandstone was not entirely c~rriented but 
included patches of rock with ~latively little mEtrii' and in 
which traces 01" patches of oil may now 'ae found. Fin?11y 9 .where 
the supply of glauconi tic mud was X'elativelJT : low, qed,S, 'lense,s or 
large patches of poorly cemented sandstone 1Jver,e formed'l3.nd~b.ese 
on account of their relatively high permeahility arid .actualporosity 
ultimately became the principal reservoirs for oil. 

It is difficult to determine the, factors C,ontrolling 
the distribut.ionof glauconitic mud sincelit·tle "isknmvrl about its 
constituents and even less about .the diage;nesis'oi" t'hesandstone 
itself. ,tn some she.lf sediments bearing ~gl.auG,Onite Galliher (1939) 
cites ,"a gradual change in facies from biotite-rich sands fairly· 
nea~ shore to mixed glaucionite-mica silty' s~nd further offshore 
and a little deeper, thence progressively to"glaucDD~ tic mude at 
a depth of about 100 fathoms". The glauconitic sand~st'one at Lakes 
Entrance was apparently deposited off shore as a sil t;Y"'sand in an 
anaer'obic or reducing environment which allowed theglauconi te to 
form •. Under these c ondi tions there are "'numerous factors which 
couldcont'rol' the supply and' ,dj;s't,ribut ion of cQlloidal and s il ty 
material, but 1'urther,conjecture can se'rve no 'purpose' until these 
factors are better understood. and .the, coristi tuents and p~operties 
or the glauconitic mud are better known. 

If the above deductions 'are correct it follows that 
. the glauconitic sandstone as a whoie is' noi an oil reservoir but 
that it contain.s oil in a series of, thin,st,ratigraphiqi.l. traps. 
The horizontal extent of any ,one ofthes'e' bEl¢Ls or:. lenses has not 
been determined but their form, 1,ithol(ygY"'E!-q~Q.is'tr,ibution suggest 
that they occur as a series of irregul'ar2L'ens;~s:, on- j~',airly definite 
horizons wi thin the formation. .... ,.' .':. ",<> :" 

. '. ,'" '\" \ 

VI. SOURCE OF- THE OIL. 
. , ". ~' : 

. The sQu:rce of t,he o.ii found in the glauconitic' sand­
stone. is not know, but migrati on f'rom unknown source beds lying to 
the r50uth has been suggested. Ho\~ever1 the migration theory is 
dtfficult to envisage if ,the' 9tratigraph:j..cal traps within the sand­
stone are disconnected and separated by' rock of such low permeabil­
ity. An alternative hypothesis, in which the oil is assumed to be 
of local origin, is therefore suggeste<':i. 

i' 

The work of the Commomvealth Palaeontologist 1 Miss 
Irene Crespin 1 indicates~that the bedS with the highest fossil 
content in the Tertiary ·'s·equence beloW the Balcombian stage at 
Lakes Entrance are the upper micaceo.us marls and the glauconitic 
sandstone; both of which are included in the Janjul\:ian Stage. 
The upper marls c ont ain numerous foramin ifera ,and!~o.llu,sca with " 
some hryozoa. The glauconitic sandstone contains large mollusca, 
abundant fish remains in the form of coprolites and fish scales 
and foraminifera referable to species fouridin the, marls. Between 
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the glauconitic candstone and the upper marls there are 150 to 
200 feet of fine sandy micaceDus.marls in which organic remains 
are scarce. 

"Traces of oil have been i'ound in the, upper marls ~ but 
migration of oil from these beds through the barren sandy marls 
to the glauconi tic sandstone below appears unlikely~ On the other 
hand, the~e seems no reason why oil should not have originated in 
the glauconitic sandstone.. The eventual concentration of most of 
this oil in a series of major and minor stratigraphical traps with­
in the sandstone could he brought about by ):ihe gradual compaction 
of the rock - a proces s, .duringvvhich oil would accumulate in those 
sections of the sandstone vl,ith a relatively high permeability. It 
would be difficult or imp ossible for oil, once collected in, an 
isolated lens of more permeable sandstone, to migrate outwards 
into, rock 01' low permGabi1i ty and the oil would thus remain trappep.. 

The apparatus 'l.;,sod. and 'GecJ:mique employed were the, same 
as .,f~r the tests on core 88mples 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 in which a sampJ,e" of , 
known; weigh.t is held in an e xtr'action thimble in a suitable solvent 
at approximately 100 000 and its water content is evaporated~ con':",,' 
denseo. and collecte'd i,n a grJ.lluated tube, while at the samE1. time 
the ,~olvent flows through the; sarn:~)le j_n thethimble~, dissolving 
and ,removing the oilc When the extro.ction is complete (usually 
'after 10' hours) the thimble is ret!oved, dried at 90 0'0. and weighed., 
The total 10:;;8" of we ight is eClual to the c ornhiped we igllt s,' of the, ',;' 
water 9011ectedand the 0 iJ lost" 'TI1.(;' expet:imebt isc ompleted bY 
deter,m:E.D:!:,ng the pnre YOlU1118 , of the drjed s8.mple by the met.hod .' ~,; 
previouElly described (,1'hY'3r' 1945 .ft.) ,',.smcltl1e water and Oil conten:-c:'s,' 
are the'n expressed 2S percentage ~18tur3tions;i.e. 'the p,recent 2lge ' , 
of the volume of' the pores :r:'Lilec' ':'8sroctively withw-ate,r and'·oil., 
That portion of the pore volurne'nc;:; filled wi th water or, ..oil j.s 
filled with gas but the GXpGI'iment does not gi-v-e any indicat.ionof 
~~e nature of this gas. . 

,'The ,porosities· determined ,frCD2 the- measurements of POI\; 
volumes were generally conr:::cu:o.ble vVith those detenuin.ed previously 
on samples from Bore No.1:, (.~':'"),yer 19~-L~) and the Pilot Bore " .. ,. 
(Thyer 1945 A) and ranged f'rom apPl'oX'imatE;ly 35 to 45 p'er cent. 
The' Cluantity of liquid extracted fr·omt.hespecir.~cns was sufficient 
to fi'll from 70 to 99 per cent Of'. the pore·:'spaces. 

Before proceeding to a general discussion of the results j 

however, it is f"'oposed to e:x;amine criti'cally the relation whicJ?, 
the Cluanti ties or' water, oil· 8,nd gElS found eXperimental'lybear to 
the quantities of these fluids which wel"e'pr~sent in th~ samples 
when they were in place in the reservoir.. It is proposed also to " 
examine critically the relation tlJ,at the porosi ties~ as determiped ,i 

from, t.he,pore volumes of' dry samplos, bear to the porosities of " 
the sandstone in situ" 

J:). The 'Nater~_ 

There are three mai:': reasons why the quantity of water 
extracted from th~ samples might differ from the Cluantity that was 
present in them before the Glauconitj.c ,sandstone VV8.:l!l't drilled, 
namely 
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] .. Drilling water may have entered the core ... 
samples during dril_ing~ 

The samples may have lost wate.r through 
evaporation .. 

The decrease in f'luid pressl,1rein the 
cores subseqtuent to ·drilling may have 'J;' 

caused a' change in the' cimount of' wat.er: 
in thecores o 

, . 

1. Ef'fect of' Drilling Wat~£" The cores f'rom which the· sampl·~s .. ::' '.:". 
were taken were obtained by means of a diamond drill in .wh~ch ". I,. 
water Circulated during drillj_ng operations and there was a. ,1.[ 

possibility that the fluid contents of the cores 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 c'ore 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 t.hatif 1 p~·r 
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 b~r lviro VVo R. JeWell, R,esearch 
Chemist of the Victorian state I..Jaboratories. 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 t:-.'aces o The 
traces were less than 1 mg,,' indicating that at the most 1 per 
cent or the water content of the cores was drilling water con­
taining '00625 per cent glucose~ The ceres submitted for analysis 
were'· not. examined under ultra-violet light to determine whether 
or not thTcontained oil, .but their select ion was based on the 
original logging of the cores in wllich sections Carrying patches 
of oil .were notedo It is believed that the samples selected f'or 
glucose analysis included some that contained oil and that they 
were more or less representative of the whole range of saturations. 

From the results of the analyses it has been concluded 
that no significant contamination or f'lushing of the cores by 
drilling water has occurred and that the water extracted:from the 
samples does not include any, drill water~ 

2. Ef~sL o!._£Y~2!'.§J ... ibqpj~ . It is ~ert ain that during th~;'i 
time that the COl~es were exposed to the alI' a small part of thelr. 
water content evaporated -the amount depending on tlle time of .. 
exposure and on atmospheric conditions e ' . 

The cores were first exposed when they were taken from 
the core barrel prior to being 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 te'Cl1,porarily removed from their con­
tainers for examination at ~akes Entrance, Melbourne and Canberra. 
The total time of the above exposures was probably less than 30 
minutes. The cores were later remolTed from their containers, cut 
into 3-inchlengths and sealed in air-tight jars and finally most 
of the 3-inch lengths were cut into discs about -:1- inch thick a.nd 
examined under ultra-violet lighto 

The total time of exposure for each sample has been 
estimated, and the maximum was of the order of 60 minutes, I-tt is 
evident ~hat the loss of water through evaporation would be great­
est during the time that the 3-irl.:;.h core sections were cut into 
thin discs and exposed for exawination~ 
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In'o'rder'to determine the extent of this loss a test 
was made'od,"three samples each comprising about four discs of 
glauconitic' sl;3.ndstone 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,unifoi'ln,r!3-te equal to approximately 2 per cent of 
their ini,tial rrtO'isture content per half hour. 

It is believed" however, that the loss of water by 
evaporat~9nduring 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 satur'ated with water. VVhen 
tested it W~$ found that those samples which had been exposed. for 
the longest time had the lowest vvater satul"ations thus suggesting 
that the difference from 100 per cent was principally due to loss 
of water through' evaporation. This difference ranged from 1 to:10 
per cent and corresponded to almost twice the loss that would have 
been anticipated from the results of the test described above. ' 
During the test, however 9 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. Effecti'of Decr~ase in Fluid Pressure. It was shown in an 
earli~r report (Thyer 1945B) that the fluid pressure in the, , 
glauconitic sandstone intersected by the Pilot and Imray &ores 
is o~ the order of 600 Ib/square inch, and it will be shown 
later in this report that there is evidence that under reservoir 
c ondi t ions the oil has some gas diS3s01ved in it .. ' " 

, It is evide,nt therefore that When the pressure of', 
the fluids in the, core is reduced f'l .... om 600 Ib!g:;quare inch to :,. 
atmospheriC by drilling that - ' 

(a) The fluids will expand and some may be forced . 
,from the cores. 

(b) gas may come out of solution and force liquids' 
from the cores. 

It is :believed that no free gas exists in the reser.~ 
voir and that there has been no significant loss of' water or oi,1 
through' expans ion'because the expans~ on c~effic iel?-t~ of l~quids 
are small. On the other hand there lS falrly deflDl te eVldence 
that gas has. come out of solution from the o~l ~nd forced 
liquids from the cores. The f~ct t~at the 1l9-lJ.ld produc~d from 
the oil, z;ones in the neighb ourlng Pllot and Imr~y ~ores lS over 
90 per cerit oil is taken as eVidence,that the llquldforoed out 
of the co,res b;sr ,relief of pressure vnl'l, ,also be over 90 pe~ 
cent oil'... It has been ost imat ed that, the amount of wateJ;? lost, 
by the cor'es due 'to the decrease in fluid pressure from 600, Ib/. 
square' inch to atmospheric would representle,ss than I per cent 
water saturation. ' 

4. Conclusions on Water Lost by Cores. It may be conclu~ed 
from the above that the quantity of water in the samp~es lS 

less than was present in the samples whe~ they ~er~ ln, place 
in the glauconitic sandstone 9 the lossbeln¥ prel:nc lPEl.lly d~e 
to evapo:rati on. However, another fact or i?hlch must ~e cons ldeged 
is whether or not the water colle'cted 'durlng extrac.tlon 'at· 100 C 
'c0nt;'~in;} r:n~T c'i)r:;~::;cf.·able quantity 001' 1;vat~r, o.f' cry~t~llisat!i;on or ' 
water from any source other than lrom t~e lnterstlt1al spaces. 
This will be discussed in the next seetlon. 
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5". Source of Water Extracted" It is believed that the water 
collected during extracti"ona-i 100 Co was predomin,antly free 
water, i. e" not chemically combined, in any of the minerals in 
the sandstone, but there is a possibili-;jY that' some of 'it may 
have been water of crystallisation of one or'more hydrated 
minerals in the sandstone o 

It was shown earlier in ~his report that the 
glauconitic sandstone contains 0. few hydrated inin.er:als of which 
glauconite, ferruginous clay (derived ~rom alteration of glau­
conite) and other alumino-silicates which may constitute part 
of the glauconitic mud, form 0. significant propOrtion of the 
rocko It is proposed therefore to discuss the denydrati'on pro-
perties of glauconite and clay~ , 

(a) Dehydrati on of glaw~_QQ it~ - p',ccoI'ding to Ross (1926) 
and Takaha13hi ( 1939) who have published. de:1:;rdration curves for 
this minerai, dehydration commences at 8[oproxim8.tely 70 0C. bu't ' 
between this temperature and 1 OOoC o 9 the terr,pOi}ature to which 
the samples were subjected in the extrnction apparatus, the 
weight lost by their sample was less than 0.5 Der centa However, 
much of the Lakes Entrance glauconite has'undE gone alteration 
and .it is nqt certain that dehydl"at ion of', tl18 8..1 tered glauconite 
would commence at a temparature as 10\':3.0 70 0 0 j) In addition it 
was possible that the sandstone contained mir.erals other than 
glauc oni te which lost water of Cl'yst allisation at lovv tempera­
tures. 

It was decided thArefore t 0 ca;rr~" out tests to determine 
the way in which the glauconl. tic so.ndstohe as a whole lost 
water at vartous temperatures,~ 

A sample of glae,coni tic sandstone knovvn as a result of' 
examination under ultr?--violet light to be fr,ee from oit was 
ground unt il the larger pieceD were the size of' wheat grains.' 
'rhe sample was then carefully packed in:to a glass tube about 
20 cm. long and~' cmo diameter and the, onds sealed with pl1.r;s 
of cotton wool held in p:ce by cork gaskstG. Dry ai~ was 
passed through the sample~ and sample and holder were weighed 
from time to time as the e xpel"iment pI'ogressec1 g The temperature 
of the air was regulated by passing it through a heater placed 
in the circuit between the sa~nple tube and the initial drying 
tubes (containingCaC12) 0, 

The temperature of the air f'lowing through the sample was 
reaaby a thermometer placed in a special compartment immediat­
ely prec,eding the sample tube, which was logged with cotton 
wool e A sketch of the apparatus is shown in figur~ t and the 
results of the test Qre shown in the form of a curve (figure 
2) giving the weight of the sample at various times and the, ' 
temperatures to which the sample was sub ~J cted. It will be , 
seen that the sample lost 15.9 em.,. of' water over'the first 8 ,,' 
hours drying at room temperature (14 to 16 0C) the weight re:':':' ' .. 't, 

maining constant thereafter during a fur:her '12 hours drying , 
at this ,temperature.. The temperature was, then l"aised to 40OC., 
for 4 hours which resulted in the sample losing ,a further 0.,6 :, 
gm .. and further small losses of weight occurred as the tempera-' 
ture was raised by successive steps to 106 oc. Drying was main-
tained for several hours at 106 00. " 

Upon completion" of the drying-test"thep'6~os;ity.:'), 
of the larger frl3.gments was detel'mined.. The total .loss in 
water amounted to 17e2 gm~which represents, an,initial,,water' 
saturation, of 68 per cent. The volume of the 'water losti , 
between 40 0C. and'1060 Co uas '1033 c.c. \':~_ich is equal'to, about 
5 percentiJf the total pore voly.mG, of .t}:13 sqmpl~.,' " " 

~ .. 

' . .', .~.,. . . ."., . 
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It is 'believ~'d that' the' c:or:~ect. int erpret.atiQn o.t: tlitte 
results, ist,h~t.:, nono;:' d±', at .the 1<10Ct, ,'8;( .vel"~l :mi1o..11Ii,~1.,t,; ,ot: the,.) 
\lD.t'sf"lost waS,'I.7ater .of' ,C1"3'stalli'sation;. there rras certainly no 
OUdde~ .chctl1.Ge in the ·water-·loss cha;i.."['cc'!:,qj,,"iotics at .a,nd, above .. 

70 C. at vfuich temperature glauconite is said to commence de­
hydration. It is concluded there~ore that none of the ,water 
collected in the oil extractiqn apparatus at 100,oc. is water of 
crystallisat ion. . 

(b) .~ehy~a!~~~_Clays_and Rel~ed-Minerals. Clays and 
related m~nerals (alumino-silicates;-are essentially colloidal, 
i.e. their .behaviour is determined by the stnte 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 predomina,te 
and are likely to determine 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:structuree They may hold water as ' 

crystal waters 
broken-bond water, 
planar watero 

crystal \vat'er, or ~vater of crystallisation is incorpor­
ated in the crystal structure; is very tightly bonded and usual­
ly requires high temper~tures (e~g. 5000C~ for kaolinite) to 
drive off. . 

water attached'to clay minena2s whi.ch may be driven off 
belo,'IllT 3500 to 400 00. ,is usually bound :to the surface of the 
shee'ts or framework structures and is therefore classed as ad­
sorbed water. The nature of the surface determines the strength 
o:f the bonding and the temperatp,re at which adsorbed water will 
be driven off. 

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 
30000. to remove ito 

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 ahaost as readily , 
as free water. It is the ~dsorption of planar water which 
causes swelling in clays when wet o When clay is dry the cryst­
allite·s are bound closely together put when water is add.ed, 
molecules of water migrate between adjacent crystallites and 
force them aparto 

. That clay or at least some mineral or minerals capable 
.• of svvelling when'vvet exist in the glauconit ic sandstone and 

particularly in the cementing material is supported by the 
following facts., ' 

1. stillwell states that much of the glauconite has been 
'altered during depOSition to limo::ite and ferruginous clay. 
This statement refers specifically to the observation$ made 
on the grains of glauconite in thes.andstone but such alter­
at.ion almost c.el;'tainly is present in the glauconite content of 
the glauc~nit.ic mud. ' 

ii. The removal by Pdwde;ed glauc,oni't'~c 's'andstonc of the 
colouring :matter from; solution? ?f Lakes. Entr~nce oil in petrol 
and also of the colouring inat'ter','frol1i coloured: petrol sugge~ts 
the presence of clays or related minerals Which ar'e strongly 
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adsorbel;lt~ Accox'ding t,o R.E". GI'im. (193S), ~Iit is well-knovin that al­
most~~all: ~.l~ys with~a high ,a~i::Lity fol," I'el\loving the co'loUr, from Q.il 
aI'e tiompos'e:Gi>:of merabeI's' of the montmoril1o;nite group or' ,'(fer~taIJl"' 
types ofi1]d:t:e'~ l~',::Members' ',of::.these tYro groups are .compQ·selct. qT," ',:" 
micaceous crysta;p .. ites and ar'.e. cal)able of ,taking: up: li3.rge·$.ni0llIit·S' of 
planar water.: " 

iii. Thet'~;id decrease of;~rmeability 
with a high glauconitic mud content '.Vith 
tent suggests the J,;lI'esence in :the cement 
wetting, 

;~ . 
" 

'.,) ,", 

in. glauconitic sandstone 
increasingmciistuI'e con­
of material that swells on 

'. ,.:' . This was demonstrated by permeability tests on s8l11:ples' of 
1 glauconit ic. sandstone from Bore No.lO at various moisture cant ents. 

T'INO .. different types of g~auconit ie sandstone were tested. The first 
type - a relatively coarse-grained sandstone from the lower section 
of. the"cores ;with relatively little cementing mud - showed relat~ve­
ly.: little decrea:s'e in'p'ermeability with added moisture. The second 
type - a relatively fine-grained sandstone containing up to 50 per 
cent glauconitic mud - showed a relatively large decl"eaS.e in per.m~a­
bility with added moisture. This fact has been used els'evihe;r'e' .~~ •. : 
(Thyer, 1945 B) to explain vvhy large sections .of glauc6riitib sanci";' 
stone exposed in the Pilot Bore do not yield water, although .. they 
are known to be saturated vlTith vlater at a I'eserv0i!' pres:sur~'~6:f 
approximately 600 Ib/sg,uaI'e inch. It vias· assumed that the ~~,eiling 
of clay-like grains in the glauconitic mud has reduced the petmea­
bility to zero. . "::\ 

iv • The fact that the average compre ssi ve stI'cngth.of' '\vetgla.ucori­
itic sandstone is only half that of dry could be explained by the 
presence in the glauconitic mud of clayey particles containing 
planar 'water which reduces the internal resist8.nce to shear. 

(c) conclusions. "It is. concluded thorefoI'e that there aI'e, .. 
in the glaU:ConJ..t 1c sandstone;: clay-like miner(?ls capable of taking 
up planar water. . It seems probable that a significant proportion 
of the water extI'acted from the samples may be planaI' water adsor­
bed by' the sUX'faces of crystallites. It is not l)OS sible" however, 
without fUX'theI' and ve;r>y detailed vvork to deteI'mine what percentage 
of c~a.y-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. 

, v 

G. 'I'he Oil. 
--""'_ 1 

., .. :. ,When the cores were witq:d:C' awn from the' core ba:r:rel patche.: 
of oil Yil'e:~e observed on certain sections of the corels, but 'after th( 
cores. had been wrapped in ,<[axed paper in sealed contain.ers f,or some 
time, the'se patches were no longer vis~91e in ordint:ry light al­
though they fluoresced. The waxed paper appears to have absorbed. 
this surface oil as is evident from oi,;ly stains O,P the paper, but ~, 
is not like:ly that this absorption ren1.oved any significant :portion 
of the oil from inside the cores.' 

The g,uantity of' o,il extracted from the samples was deter 
mined by the difference bet"weeil the total loss of weight and the 
weight of water collected~ the maximmn ror ~py sa~mple being 0.68 ga 
In samples which, as a result of exar.lination under ultra...;violet ' 
light ,,' were known to. have no oil in them, the maximum difference 
between the loss of, weigl:lt and theweigl):t,i. of :,:vl1'ater collected was" 
0.03.gffi. In the ave;r,age'sample O.9.3,g1')J.~ w~ould 'be eg,uivalent to an 
oil;saturatfon of appr.Qiirnately 0,5 ",]le:r':c;ent 1Jvhich can be r'egavded 
as the unc~r'tainty in'ai1Y single det,e:;rm;Lll,ation • 

. Tba o~~ found experiment alIi , is called residual,O.i~ar:51·>~~ 
satur.ation b~sed' 'on thisg,uant ity is called residual saturatJ..on.· 

,'.,,: '. " '. . I 

.,.J '. . The' g,u~riti~'y' of oil, :i;n,[l. 6a.m};l~e'm~yd~ffer fl"OTll' the'CJ,ual1~' 
titY'pres~nt in,th~ rockin';situ: fGr'tll!,'::):;f.o~lbWJ.ng reasons -,:. ".' 

1. Oil may be fl~~hed fI'dtD.th\3' Cor19~ 'by:dtillirig w2:ier~:,.· ., 
. .', ! .• ;. 
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ii. ,'Oil may be lost through evaporation and by absorpti'on"of ... 
~:ira:pping paper.," 

iii, 'Decrease in fluid 'pi-'essure in tho cores subsequen,t to, 
drilling may have resulted in a loss of fluid content,s,;:.." , 

The glucose tests described in the preceding.s~ction 
indicated that none of 't1:le d~-::,j.lling Herber entered the cores~ so 
that loss of oil by flushing .isregarded as negligible<l .. The loss 
through evaporat ion is also conside;eec"i. negligible because LG-kes .' 
Entrance oil has a loW' vapour pressure at ordinary temperature.' 
As already stated, it is believed tbat i'iO signifi,cant loss has 

. occurred through absol'p'cj.on of 'i.ih<3 wx'a}?ping papero .' 

on the. othep hand it is :rG8.[3onably certain that' ,011 has, 
been forced from the cores b~r ga~3 co:,i1 i.l'.8; out of solution from the 
oil as the pressuredr.opped fX'Ol1l X'(3f36;evoi.p ~9r8SSUi.-'e, to atmospher­
ic. As the Oil/gas ra"cj.os de'Germ:iI),;::d for the Imray ancl Pilot ' 
bores and eLescribed in a lo:'cei. ... sectj,o~,) of this report, are suf:f­
iciently low to permit of an aSS1),mptj.ol1. .!chat all the gas would be 
i!l solution under re servoir COT1CU t :~C'::;G, j. t has been, CQncluded' 
tpat the volume of the oj.l lOErc. o;y 1"el:1.ef of pressur,e J,s equal to 
the volume of the gas Which he.s reI)laced it~ 

, J 

" ' 
, "I 

':'f"- The gas 'satl.u;;,at ion of the COi.'>8S has been e:X:p·f.~~'s~ed· ~:s 
the percentage of the' 'Voids no-l:. filloel. with oj.l or ~vater ... The,,' 

, composit ion of this' gas iVaG not' o.etermj.ned c1.urh:.g the e~p,eJ:'iments 
but it is reasonably "crertaln tZlat j.t cnmpx'j.ses two main90mpo.nen'ts, 
riamelyair and methane" The air h8.8 entel'ed the samples to.rEiplace 
water Which has been lost tl1J.'>ough evCtpol"CLt iOn., andth~ yolum$ of 
air in any sample ,will be 8g,ual 'co the v01ume of water ,vYhich'the 
saI).1ple has lost from 'this CCLUS8.. It. if~ assumed. t l'W.t the me.thi3).ne 
has come out of solutj:on: from the oj.l in the samples", . 

At the time,that the S8.tu:cCL'~i,on tes·:~s vl}'ere made there 
was no direct evidence that· gas iNas. p~"'oci1..1,.ced with the 'oil from any 
of the bores in the Lakes Entrance Areo." However,' 'it "vas realised 
that the quantity of gas mj~ght have been very sm-2l1 and might have 
.escaped detect ione In the c ores from, J~he Shaft Bore small gas 
bubbles emerged from some of the cdl patGhes shortly after the' 
cores had been removed from the corel ~)[l.r:}E:;lo This is accept,ed as 
evidence that the oil insi-cu has' a cortnin amount. ,qf gas 'dissolved 
in it. In order to check tb.eresults of these observations it was 
decided to make measurements ,on the f:.l·,;t [',n(l Imray Bores to ' 
determine whether gas 'Was beiD,g: pr'()d.u,~:~cl. and. 9 i'f so, in what 
quanti ties. 

a., procedure" The Pilo:t,a~d Im,ray bores are cased' 'With 
unbrokens£3?rn:gsof casing fro).1i'~Ghe sur:face ,to the to}? 'of ' the 
glauconitic sandstone into wh:i.cp the cclsing is cemented" It vvas 
believed, therefore', that if, at each bore;. ,t he top 0:[' the 'casing 
could be tightly sealed it would be posGible to me,?-S'9.-r:e the rate 
of flow of gas o It was realised that there V!Q.$':~,:~~r,()ng possib­
ility, that the joints in theca,sj.ng might not b~ g,f:l-55-ti,ght, 
especially near the suri'ace ~g.nd a suostant ial leakage mi,gh~~ occur 
through them., lIOiive'rer, it was believed that. even if such. leaks 
occurred it would be possible to get su.fficient 9-ata to .determine 
whether or not O'o.s Yvas beingproducecL 1crith the oj.l although 
quantitative me~surements r\lj~gh,-'c ,not bt.:accuratet; .. Q::he bor~ casing 
vias sealed with ,~tapered wooden, j?lug harr.mered firml~into p,:)..ace, 
and the seals completed wit.h "piast ic cla~land finally gasket 
cement. An outlet tube in, the' iifQoden. plug'v1O.s connected by 
rubber tubing'to a flO"liv-metergraduated,from 0 to,.l cc/sece. . It 

.. 
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was found'-thqt::)the f,lovj~rate.increased steadily al;> the pressure , 
inside the casing built up, but the pressure'bu:Lld-up v!o.s a6C'el~r.l 
ated by artificially increasing the pressure in the 'c'D.sing untcil'a 
preSsurew@:s·rieached at .which:.:the flo\7-rate· wa$ constant over .. 
several hOUIlS o:' 'During.' the test, ~ecords vrere' kept. of ba.rometr:tc' 
pressure and air tenperature,:, The flow-meter was th'enremoved and 
the outlet tube coupled to a. vvater manometer. If the casing had 
been completely sealed ,the pres·sure read on the manometE;ir would 
have continued to increase a.s gas and fluiclentered th8 sealed:.' 
casing.' Hov!Tever~ it was found that the "sealed~up!~ pressure"did'.': 
not· continue to rise above a certain limft ing"l)rEfsSure , thus ..... c.'.,' 
indicating trot, gas vms leaking ~jhrough the· casing~ , .. 

,:. . ' .. i~ ,! 

b. Results c At the Im;. ... a.y Bore the 'flow rate YJas·,·,fOurtcI':to·ibe 
constan'f"""78."t .98 .. "cc/8ecQ with D. pressu1"0 drop of 7075 inches of 
\ivat'er ,across theflow-meter~ 'I'he II s8o.1ed-up'" preBsure:"Tlas only 8.7 
inches of; vJater above atmospheric in.dicat:Lng that the . leakage .', 
through the casing VIas considerable" Assuming that. the leak- thIl-'ough 
~he· casing was non-turbulent.? i" e., the rate of lealcYias pro:p8rt'iiO'B,­
al to the :pressure differential, 'it has been calculated' tha~,':;'·f.o-r. 
the pressures and rate of flow given above. the amount·· df,go:i:!if1d·w­
ing :out of the casing at atmosphericp:eessure' woUlti. be. "9~'9cCfgee~-L 
From the known rate of production of oil and' waterit"\ii1s :c.:a'lou-IW' 
ated that the lig:uid riSing in the casingv{ould be'displ8;cbhilif gaW 
at the rate of O~~Bcc/secto and therefore the amount of gas produced 
would be 9~72cc/secG The rate of oil production at the time of tbe 
test. v-JaS 0.14cc/seco, ~nd the Go.s/oil :t,"at io there:(·ore.),,~eq,uals 9, Ii = 
70cc/cc •. There JivEtS eVldence 9 hm-vever 9 that the. ra,teo,f.. . •. 
production of gas~. and px'esumably oil and \-Jat er ,. Vl.as ndt'constant 
during the time over vlThich the test vIas made"._ }rhe', gO:S/bil rat:io, 
as given above, is therefore subject t'o El. verY·large·:.pos$ible errcr. 
Nevertheless the fact that thef'l.ow-meter snotled 'a disqharge:-of"gas 
at least five times as great as the l--iate 8.twhich gas v~buld 1;le " 
displaced by lig,uid rising in the casii-lg is' definite evidElnc~ tha.t 
gas of at least this amount was being produced from the formilt,i-on 
exposed in the Imray bore" .' . . .', ,)" 

. . 

At the Pilot Bore the. flow-meter showed ,~ steady gas 
"discharge rate of Oc75cc/sec" with. a pressur'~ drop of 5 0 .9'. inches of 

water across the floyv-meter. Thisrat:e \vascons'tant within ·narr·ow 
limit s (.72 to ,,78) during the twelv'e --'Sours o-ier' which th:e test' '1vas 
made. The It sealed-up" pressure continued to rise"urit il the mane­
meter stood at a pressure 24 inches of. v(b.ter above 'atmospheric when 
the ;plastic clay seal broke.. However, _.the. rate of pressure build­
up had been noted at various pressures··s'r.tc1 it vms po-'Ssible to estim­
ate the value to which the 11 sealed-upli pressure 1j'jould have ..risen 
had the seal remained intact I> It was est imat ed that thtsp:re.ssure 
would have been approximately 25 inches of 1!l'ater above, atmospheric. 
The .large difference between the pressure at 1ilhich the flow ... meter 
discharge was constant and the "sealed-:up" pressur:e inclicated that 
the leakage thl"ough the casing in the pilot Bore musthav~ been 
small in comparison to the discharg0 rate of the flow-meter~'··dal­
culat ions show . that the ':~.otal discharge of gas'. fr.omthe. pore at 
atmcsphericpressure would· be 0 .. 96 cc/sec e At the time the tests 
were made the total lig,uid production Vl.as· i3.t a rate of 48 pint s per 
day; i.e. 0.3160c/3eco 9 of which oil'o7[',.sequal to·O;;19cc/sec .• ' It 
is seen, thel:'efore,. that the flNJ-meter showed a discharge of more 
than double the rate at 1,7hich liqUids Ylere entering the caSing, thus 
providing definite .evide.nce that some 'gas' was be ing '-produced .from 
the 'formation exposed tl The gas!oilratiO'found experimentally. was 
approximately 4 e Occ/cc .. : 

'. c. conclusionstl .. The t~,s.ts'J.JroVi\te. ciiIlj;Jle evidence that;· gi3.s is 
produce"dWith the'''nquids fr.,?In t.hegiaub:oniticsa~}dstone,,'No 
samples of the gas we'l"'e .t.~.kerl "but it:ip·beJ.;i~ved that the gas 
produced is substantiallY mf?thnne'" ·::;.(A :slir:1~le:'o~'0as was.obtained 
subsequent lyfrom the ._.'haftB9~6 .. al~Q. ,OJ1 .. ~l~alysis ':by t~e v.:L·c.tc~J..an 
Mines Department shovved 98" 8 j;JercGll:cme"Gha..'Yle-, 0'",,8 .per,a-ent '. nl,trogen; 
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0.2 per cent C02 and 0.2.,pel" cent oxygen .. ). The only' ,gas which 
har? been knovvn, to, occur 1n apPi"eciable quantities in the . 

'glauconitic sandstone or .formations adj,acent'to it has been' , 
proved by analysis to contain approximately 90 per cent methane. 
However" there is very little direct evidence on which to ba'Se;' , 
aclai~11 that the.methane:Ls in s,olution'in the'oil. The main 
reasons on vvhiqh such a claim could be based are _' ' '., 

1. Methane is very much more soluble in oil than in 'water. 

ii. Small,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 eVident,ly not present 9 in those sections, of the .co1"~ , 
whic,h contained no oilo . ' 

iii. The saturation determinatio'ns for those cores which cori-
" :,tain no oil indicate that the formations from vvhich these cor'e's 

,were cut are complet ely saturated with wat 131" in situ; andth'at no 
'free gas was present in themo on the other hand the saturation" , 

':determinations on those cores which contain oil showed that :E{ 
significant proportion of their pore spaces contained gas. ' " ,,',' 

, The loW' gaS/Oil ratios foun(l for the Pilot and .rinray Bores 
suggest that if this gas is methane it must have been completely 
in'solution in the oil under the existing conditions of'reservoir 
temperat'ureand, pressureo Tho saturation results of corescon-J: ' 
taining oil,a.re:,consistentwith the theory that gas is in so.lutii9n 
in the oil and that the act of cor'ing reduces the pressur~,,:,:i:n'::'~he, 
cores to atmospheric, thus allOWing gas to come out ofsoluti;on 
and force liquid from tho cores.. '. ", 

::t; 

.. ,. ,. 

. . petrological examination of glauconit.:L.1 sandsto'l1:e from 'Lakes 
Entrance by Drs. Stillwell (1944) and Eds!ards (1945) has~ not,:; 
fully explained the reason for the exceptionally high poros'it';-1es 

,Which have been measured o 

Microscopic examination by Stilhrell of thin sectioris ,or, 
sandstone showed that many of tho glau,conite' grains exhib:tted· 
shrinkage cracks vi/'hich in some grains constituted 30' to 40 'per· 
cent of their.volume. The shrinkage probably occurred during" 
lithification and, accoJ::'ding to Stillwell, it is ,doubtless a: . 
factor contributing to the high porOSity of the rocks,but he,:' . 
concluded that the shrinkage cracks observed in the sect~on.~ :,would 
account for porosities of only about 10 to 15 ,per cerit, 'whereas th3 
average porosi tyof the ,samples he eX~i1ined was 36 pel" cent, 

'Edwards considered 'that as there are no obvious caVities in 
,the' '!'qck sufficiently lar'ge to account for porosity of the order 
'me'asured, "the pore spaces can only be accoui'lted for as due to . 
inc'omplete compaction allowing the existenc~ of sub-microscopic 
openings along grain boundaries ~nd in the glauconitic nmd "',. 
cement ". Edwards has concluded, however, that "it may be doubted 
whether'tl'le measured porosity' is the true porOSity. of the rock 
in it s natural state because even air-drying of the rock may 
cause shrinking of the natural cement thus inc::,"'easing the poros,lty, .. 
of the rock considerably.," ',' ,,'" 

The corre,ctness of Edwards I corl.clusion woulc-:'appear .to, 
depend on his definition of porosity. If he considers;,t,he ',.': 

: ,spaces occupied by adsorbed planar Ylat01" in grains of' c,lay or 
similar minerals as being'. part of the solid struct'Ll.,r~.e, of .t:nose 
grairi~ and not as interstitial spaces COl'it::'''ibutingto the total 
porosity of the rock, then the s\7ellil1g ,of the grl3.ins would 
cause" 'a reduct ion in po,rqsi tyo If such a reduction is accept ed 

I", 
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there is , need for defining two porosities for each sample; one" 
which might be. defi~1ed as the absolut~ porosi ty'and incorporates . 
the ,spaces occup~d byp~anar ~vate~~ " .,al?-d, the' othel! which will be . 
called .the actual poros~ty .WhlCh 1S based on the' interstit!ial . , 
spac.es r.emalning when thE? colloi.da,l ',grains, expanded by the addit ion 
of planar water are considered' as solid particleso ' .': . 

. ....,' } ',. ..' ': 

In attempting to apply the results of.exper.ime.nts suth as 
those by Dunlap (1938), Lev~rett and Levvi~ (1941), van"~Vingen (1938)' 
and 9thers on the flow of o~l-gas-water mlxtures through a permeable 
medium .. such as the glauconitic sandstone g the spaces o,?cupied by : . 
planar water in the grains could not be considered as interstitial· 
spaces through Which fluids could flow, but as. part of the solid'.' 
structure of the rocke The porosity 'of the glauconitic sandstone 
corresponding to ,the porosity of the samples used by· ·the· above':,', . 
experimenters would therefore be t he actual poros~ty as defined above • 

. For the same reasons when e.pplying <;lcduct ions such as thOse 
concerning¢the residual oil saturation found in cores from'producing 
formations " it will be necessary to consider the expanded grains as 
solid particles and to consider that the planar water is not part 'of 
the fluid content of the pores o . 

. ., ," ...... ,. 

·It. is concluded therefore that the porosities measured 
experimentally and given in f]:'able II are absolute porosities, but" 

'. tl(i.a.twhen 'reservoir behaviour' is considered'-~he reservoir pOl"losity 
will have t.o be considered as lovrer than the absolute and equal to 
the ~ctualporosity as d.ef·ined above. 

The absoluJee porosit ies of t he samples ·tested 'were of the 
o~der of 35 to 45 per cent, and a comparison of the porosities of 
oil-bearing and oil-free samples ShOVlS that there is no difference 
in absolute porosity betwc(3n them(l .' .' . 

. A direct comparison was made between the absolute porosit-
ies of oil-bearing and oil-free fragment p taken from the'core 
between 1201 feet 4f inches - 1201 feet lOt ~nches Which, under eiam­
i:mation by ultra-violet light, showed oil confined' t9 small Ilatches 
throughout the core. BY careful splitting, it was possible .toisol;... 
ate two sal'nples, one of oil-frccglauconitic sandstone and: the other 
ot glauconit ic sandst one containing oilo ' The' absolute:-porosities 
were found to be 37.5 and 38.2 per cent resIlectively. 

'. " ' . 

On the other hand microscopic examination, suggests that 
. the actual porosities of oil-bearing and barren san.O:stone ml3.Y d).frer 
because t ne oil-bearing samIlle s have a more open texture and:. a.·.:J.O'\uer 

. glauconitic nrud content than is evident in bar~ensamples .. 
,. . .. 

It follows that the oil ... bearing portions contain less clay 
or clay-like particles than the barren portions With a result that 
there are fewer grains ,to swell when VIet. 'rhe oil-bearing portions 
have therefore a greater actual porosity and a greater permeabilit.y· 
under reservoir conditions~nan have the barren portions. . . - - . ",:", 

--------------.---------------------.--~~~~~~---.------------------------------
X The term "'effect ive ·porosi ty"' is not used 'because it has a 
.different meaning, viz~the :?orosity based on interconnected voidso 

A in the sample and exclu:cii"lj ·VQj.G;3 cor,r:.::J,etcly .89o.+Q.~ .. C'·D.(:t.;~_1}.Ql;9f..9l"C ... 
not capable of 1:).olding l"0suj.~.voir fluids ol"':e;;:el"ciBing an influ(;l1ce on .. 
fluid flow through the r'0ck" '. . ". 
~ . Experimental evidence from the study' of resi(iual .vJa.~'eJ':'·'and 
oil saturationsofnumerousdl"ill cores· from producing 'formations in 
the united states has shown that the residua:L0il satul':;ation .<:>:fsuch 
cores is seldom,ifever.!, les,sthari'15 'lleD:cent •. ··; ..... ;, " . 



~ 

Tl\BL::8 II. -----

SE/_PT Bo~m -----
::mSUL'I':J J? S/\'l'U'j.i'I01T TESTS --------------"-------

--, ------------------------------

Sample 

1200' 7" 

1200' 9 11 

1200' 11 jl 

1201' 3%;1 
a 
1201' 4~i' 

1J 
1201' 5%11 

1201 '1 0.:L1I 2 

1202' 5 11 

1202' 7" 

1203! b'-k;r 

1203 f 8t;1 

1204' ~% 

1204! 7%11 

1205 T 9" 

12c6 f ~II 

1207 1 

1207 1 4" 

1207' 5 i1 

1207 1 6 n 

1207 1 7\1 

1208' 11 II 

1209' 9~" 

1210! 9%ii 

1210'10%" 

b1 211 1 1 II 

12121 5;1 

1212' 6t,1 

1213 1 1111 

1215' 3 '1 

1216 1 2t" 

1217 1 8" 

1217 1 9 i1 

1200 1 9" 

1200 t 10" 

1201 ! 

1201' 4tH 

1201 '1 ot" 

1201 ' 8.:L I' 4 

1202 I 6 tl 

1202 T 10" 

1203! 7til 

1203' 9t;1 

1204' 7%" 

1205'11~\I 

1206 1 6 i1 

1207! 5 II 

1207' 7 1f 

1207' 8\1, 

1209! 1 il 

1209!10~iI 

1210' 1 O%;i 

1210! 11 %" 

1211' 411 

1 212 I 6t!! 

12121 8\1 

'1214' 1~;1 

1215 1 411 

1216 ' 

1216' 3t,j 

1217 1 9 il 

1217'1011 

Poros ity 
(A1Jsol ute) 
Per cent 

49.6 

42~6 

37.8 

37.5 

38,,2 

44.4 

47 ' 

43.3 

40.9 

36,,2 

35.2(39.4) 

44 .. 4 

42.7 

39 .. 6 

36 .. 5 

35.4 
37.2(34) 

4104 

36 

39 .. 8 

806 

5.6 

Saturation 
(Per cent) 

72,,5 

82 

L~o 3 85 

4.1 79 

4 .. 9 70 

3 .. 5 c 84.5 

5.0 82.5 

o 90 

1.3 92 

o 98 

o 91.5 

o 98 

92 

92 

86 

7 .. 1 81 

5" 7(5. 1)90(80) 

110 6 

5 .. 6 

o 

o 

6,,0 

12.2 

o 

72 

81 

99 

30 

80.5 

73 

89 

99 

8L1 

74.9 

88 

87.5 

90 

93.3 

9-1.5 

98 

92 

94~5 

9105 

88.1 

95.7(85. 1 ) 

83~6 

86 .. 6 

98.'5 

99 

75.5 

4
(79.8) 

73. 

86 

8L~~ 5 

85.2 

92.6 

92 _, 

1..6 92 93 .. 6 

o 

o 

5. 2 

2 .. 8 

97_5(89) 97.5(89) 

90 

79 

94 

95 .. 2 

81.8 

Selected non-oily fragments. 
Select eo_ oily fragments. 
Doubtful oil - no coloration of solvent noted. 
Values in brackets are based on grain clensity of 2 .. 90. 

Apparent 
DenSity. 

1053 

1.49 

1.69 

1'.82 

1 & 84 

1.79 

1.58 

-1.59 

1.59 

1.7L!_ 

10 go 

1.59 

1 .. 60 

1.64 

1.68 

1. 75 

1.81 

1. 79 

1;65 

1.77 

1.80 

1 • 91 

1 .. 91 

1 • 7L~ 

1.69 

1.65 

1 .67 

2.11 

1.69 

1.60 

1.62 

1 .. 82 

Grain 
DenSity 

2.93 

2.95 

2.94 

2.94 

2.94 

2.90 

2 .. 84 

2.86 

2.87 

2.90 

2.94 

3.05 

3.03 

2 .. 89 

2.85 

2.90 

2.8LJ-

2.76(2.90) ;. 

2.97 

2.88 

2.94 

2.84 

2.95 
(2.90) ,1 

3·05 

2.86 

2.88 

2.80 

2.83 

2.90 

2.SEi 

2.74(2.90) ;. 

2.86 

2.87 

3.02 
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•• ' 'I~' .,1 

. In the early stages of th€f inv~stJgat i91~ sele6tio'~ of 
sample's' w.as.'based on tho distribut ion of oilly" Datches observed on 

. the surface .of the cores when :they vI'ere 'removed from the' 'core barre~ 
but, ·!3..s~t.?ei "exaplinat ion \lride.rultra":'violet. light prpcee,dE:d;, :. it , 
becam~' eV'ident . that· the posit ion of tl1ese.~oatches V/EiS, n'o,t'. $::' '." '. 
reliable'indication of .. the, occurrei1ce of oIl-bearing .'saridst~one.· . AS 
a result the s'election·· .. of :the saniples in the later s.t,ages·'b"!:' .'the' ~., . 
investigation Vias basedori the results. of .the exarniricition 'urid~r"" . 
ultra-violet light, and ori;ly·t110secores of Which anappreciab'lc: " :' 
port ion of their' surfapesf;l1.loresced.; were tested.' M.ost of the ,.',,, 
samples' v;'h-ich had o-il:iP':~:'~:e~ were':selec'ted in this way • 

. , .,', 

The average. size 'of the so.mpies 1,vas c::quivalent to 1 inch 
of core~ehg~h .a.!ld the ave.rage weight was. 27 grm •. · From,i'i~o~t of 
those samples' in T.able .. II .. with core lengths greater. thap.'11f inchos:?' 
a portionrepre ;;3ontat ive of thewhole· .. length VIas select'cd "and 
tested.', flov/evei", in tl1e few cor\3S whic1:).".were recovered as frag­
ments,' the selection' was biaS$cdin fav,pur. of oily fragm€htts, but, 
where the results of such tests havebe,en, used in tho calculation 
of·~the"aver.age saturation of the oil zones, allowance 'has been 
ma:de:.for.t'~iS non-represe~t~tiveselecti6l}., . .':,' / 

... , ,," The· sample.s were' broken into pi.eces the siz,e of small-
pens.' to faciJ,i tate the extraction of oil and water and the' aver-· 

· age'" t.imerequired for extraction V'laS approximately 11 hours •. Tj,1e· 
results of the tests are shown in Table II', which includes .th:e :,' ' 
oil and water -saturat ions of 33 .samples represent ing a strati!graph­

.1.oal. :thickness of 45* inches out of a total of 230t inch'es. q( 
·gl.auconitic sahdstoneip'!i.ersected··by .the Sha,.ft Bore. of;the·~···· 

';' '185* inches of sandstone;nottest,e'd!.i'lQ·core 'was obtaineq. .. f,o.r.40 
'inches, and the ultra-vi.olet 'light\· examination showed that. t~e )' .':. 
remainder. contained so little oil that sat;uration determinations' .' 
were not considered necessary. . .... . ...• / .. 

. of the 33 samples t~sted, 10 contained no oil and: 23 ". 
contained oil but two of them maybe doubtful determinat ions." The 
10 samples 'iJhich contained no ·oilrepresent a stratigraphic':' 
thickness of '14 inches , and their w£\.ter saturations ,ranged.between 
90 and 99 per cent and· averaged' 95 0 .5 ,.per . ({pnt;. .Theavepo.ge Vias 
somewhat)~igher (96.5%).for those samples that were not cut hi-t'o' 
discs· for·exposure. to ultra-v'iolet light, but those which were· c·ut 
and exposed averag~d about. 93. 5 per ceht,. It is assumed that if 
no loss of water ;by evaporation had occurred, the water saturat-1on 

· of the 10, samples"would . have been 100 per cent, from v/hieh 'it 
.. folloVlS that .this lossv~ried bet;vleen I and 10 per cent and was 

'. greatest in thoseexpose~ for ',the greatest length of -eime. 
.' '. . 

, The 23 samples \Nhich contained oil (including the two 
, .' ~oubtfulone s) represen~.a strat igral)hical thickness of 31-l 

inches., ,'11' the two doubtful ones are excluded the thickness 
1s 26 inches~ Their oil saturations ~anged between 1.3 ,and 12.2 
per cent. Ten s'fmlples ·ra~edbetvi~~en.l. 3 and 4.5 per cQnt· .... ' 
(including the two doubtful' ones), nine betw'een 4 •. 5. ,and 7.·.p'per 
cent and four had values in excess . of 7 .. 5 .percent., The~v~rage 
of the 23 sarnples was 5.4 per' cents . Their ,watersa~urati-onS 
~anged between 63.5 and 92.0 per ?ent ancLaveraged~bout ·$}.:::per 
cent~' . Their total liguid saturat 1.ons (viater plus 01.1) aver~lged 

· ~6.4 ·pett"cent •. The diffel:'ence .between average total. satur~t.ion 
" . aild 100 per cent is the average ga:ssaturation~ namely 13 •. 6'- .per 

cent. 'The gas is considered to'be partly ai,r Which had·j."'e- , 
placed evaporated water and 'partly methane which was in solution' 
1n the oil. when the samples wej."e in situo When the fluid' :'­
pressure, 'Has decr·eased from reservoir: pressure to atmospQ.eric . 
dur':Lng drilling, t.he methane. came out of solut ion and. forced . 
oil an(1 a small amount 0:(' ~jater from t11e cores. rrhe average . .. . ' 

;,', . 



....... ' 

" : 

. 4), '.: ,: .' .:'.' ". . _ . ,. " .' ... : ',1 . ' ·~.L."· , , ' 
'air saturation ~~ ·:~?tim,o,ted$.tappr.oximate.ly,,::,6,:,per .centand the 
average, met~1;l,a,ne ,~tJ.tUrat:iorl isconsOq'uentlY,':.7 ~;61)~J:' c(Jn~,.'.· It is 
assurned.~'t\~l4:t':'tbe> pore volliniQ, 6ccupied,b'y/:the'ilatter was formerly 
occ~ll;(e'di-,~ml:R:i/f:i,l;V:-:if not: \vhollY bYOi:l:~"~i'id~:i.t'is: con,qJ;ud.edthat the' 
average:i:R'it,':~s,at:uration 'in the, rocks' :;in:· situ:viould pe 5.,4 pl:t,ls 7.6 
or +,3,: "J?~,r:"c'~nt. ':It-is admitted, tha~this conclusion is based on 
assun.W,tro,~s ,Ylhich may be somewhat"<faulty through: 1.ack of direct 
evidericedr n1isinterpretationbf~- suchevidence"as thereis~ It is 
believed holfJeverthat tht;;'cdrtclu,sion:Tssubstantially cqrre'ct arid 
th~t·it prov;Ldes a satisfactory basis for determining the fluid con-
tent:,6f the reservoir :rocH:s in ·situ.. ," " ' " 

",,1 " . 

:.'.: 

The, preliminary' examination under ultra-vi,olet light 
revealed that even ,iti the oil-bearing sample s, only a port ion of, 
the sandstone conta~ned "o'il.' Ill. six samples, the.oi.1-~.~ari~gpor.tion 
\lias ine'jccess of 9,5 per cent: 'of the total but in, ot'hers" it "ranged 
fr~m ~ 30 to 80 per cent.'calCulations based on the assumption that 
the latter, samples contcdnednon-oily port,ions with a vlater and gas 
saturation of 95 and 5'per cent'respe'ctiv:;el~,: and that all the oil 
and the -remainder of the gas was confined ,t(;r:the oily patches, gave 
oil saturations ranging up to 16.7 per cen{«six were in excess of 
11: percent) and averaging 9.4 pel'" cent, and Vlater and -gas satur­
ations averaging 67 and 23.6 pel'" cent respectively. These values 

"more l}early represent the true saturo.tionso·f' the' oilyporti0l:'ls of 
the glauconitic sandstone than the v8.1uestabul8..ted in Table II, 
,but those in thetable~epresent t'heaverage saturation of the 

., samples as a whole, i. e" including a~~ port ions Which arc oil-free, 
and therefore they have been used' in e':§t:tmating the total quantity 
of .oil 'Which is present in the oil· zones~ c. 

In order to determine satisfactory averages for oil, 
water 'and gas saturations for use in the c8.1culo.tion of oil:content 
of the individual oil zones, the following procedure was adopted - ,;" 

i. The' measured or l"'esidual >oil,v:ater andg8.s, po.turp.tiqns of those 
samples whose grain densit,ie s were notably different from "2:. 90 wer'-) 
adjust.ed.: The grain density varies bet1ileeri narr01;V limits throughout 
the glauconitic sandstone and tends tofollO'V:j-'a:fairlY: uniform, 
,dis~ribut ion~values subst ant ially qifferent:,f'rom tho.se'of·adjac­
en.tsamples are regarded 'liri,th SUSpiCion 8.nq. probabl:y';., .in:dicateerrors 
in determining the grain volume during por6si.ty tests. In-suGh,' 
samples the grain volume has been recalculated, from it's \\7ei-gllt'assum­
lug a grain density of 2.90 (1)7hich is regarded as an average;si,'ain 
density), and the pore volume andsaturatiOn90fthe',o.rigiria~';:~, 
samples recalculated. ' ' , , .. ' ',',_ """,r,-: 

. ',: 

li.,It ,Vias assumed that thesampleshad lost water ,prior to t'est­
:i..ilg an.d a: loss has been aliotted to each,: sample~ "The, loss vms due' 
p'rincipally to evaporation!, and thefactorscPi1s~p.er,ed iri>iirriving 
at the., Toss from. this cause vrere the t irrie the.,sampl~~ we~6::e'xposed 

,to the air and, the, average "water satuX'ationsof"t.h.O.$csamples which 
had no oil in them •. ' In addition the sa:m.ples. ,probab;Ly lctst a small 
"ciu~nt:ity ·of water due to' gas comi"ng out Of;'solution,;fromthe oil 
du;r.ing'9.r'iill,ing and forcing oil ane1 a smallquahtity of vJaterfrom 
the"por,es~''<Thetotal los,s has been expressed, as;,the percen:tage of 
the; p,.or.;Gs', !fitled wi -c.h ;the air vlhich' has replaced: :th~, Vrater lost and 
rarig.~s :f";r:prir 5' to' 8per,c,e.nt,,':' ,. """ 

"', ilt.,::";~~;~t.it~'~e:' sampies 'Vvhich.~onlprised,f,;a:~ented "core from ~~hj,ch 
"the, .sei~',c~~:i:-9ii,,':of piecEfpfor test'ing hadbeenbi:~s,'se~Ci 'irifav'o,ur of 
oily,:p~~2es.';ithesatu:r'at ions' determinedexper'imeptally :y.Iere', ,ad­
justed bY,ass'l.urv:Lngthat. 'tlie original· 'sampl,e, pomp,I',ised'8Qpy'I:'cent 
oil-beariilg "rock'; .,the 're.maining 2() percent. haVi,n!S,;Yra~er p.ridgas .. 
saturations ';·cf' 95"and 5 per cent -respect;iv,ely:. "-", " ; 

iV..,Oil, water and gas saturations, porosities ,and vla'cer losses 
,iuere allotted to those portions of the oil zones for· 'i-ihich no 



Zone 
No. 

1 • ~r 

.A. • 

,... 
0.. 

y. 
b. 
c, 
x. 
a. 
9.. 
x. 
x. 
d. 

~~}1JL~Ll~ . 

1t~ AVEIl~~G~_~:li~T,~IU",'l\IQ}irLOI:l_~t~ OIL ZONES. 

-r--~---l'----' 

Sample Sample I Porosity Percen~ 
length ___ SB:~Q,r8;~lQIL--_ 

''-/ater 
loss ~;I; 

percent ( inc he s ) I 0 ill Yva t er 

1200! 6" 1 2001 7 i, --1--·---T-'~~0. 0 4·" 15 t---;4o -2--+----5-~ 0 
12001 7;1 - 1200 1 9 i; 2 4-7.6 6 ~ 9 I 77 ~ 0 5. 0 
1200: 9 11 

- 1200 11011 1 I L~9.6 5 .. 6 82.0 5,,0 
120011~'1 1200 1 11 1i % Li.Oo7 5.9 78.0 5.7 
1200'-11'01 _ 1200'11%,i % ,~.2.6 .5~0 83.5 5.0 
1201 1 4 11 1200'4t i; ~ 3708 5.1 75.0 6.0 
1201! 4til 1201 1 5tir 1 40.0 1-) .• '15 GL~. 2 5.0 
1 201 T 5% if - 1 20'1 1 7 '!) -..., a 
1201' 7t" 120'1 1 8*1,) 2 ,)8.2 ::;07 75.0 7.0 

1202' 11..11 1202' 2i ,; -2'1 ,+0. 0 ~i .• 15 84.2 5.0 
4 4 4' (') -1202'5t" - 1202' 6 ,I 'i I .Li·,,5 0.0 75.0 5.0 

Estimated 
Saturation 
of samples in 

Si tu. 
OJ r""Jetwawr:I 

• 

1201'8t il 12011 9t,i 1 1-).0.C: 1 Li·. 15 81-) .• 2 5.0 

-----'""------------.-----... _._-_._-------1-_ .. ----- ,"-.,----.. -.- '"- ... -- _ ... ---.----.-t------.--------+--

2. e. 
x. 

:~t,ed averages for 1il (total thiCkr::_1_~~~!._I. _____ }+:2:_=___ .. _ ... ~-'.'~i~--'fl------:.9. ~_ 
1206' 5-.t" 1206' 6;1 1 l LI-0.9 : 3.3 90.0 
1 206 1 11 if _ 1207 1 1 • L!-O. 0 I Li-. 15 84. 2 

5.5 

4.0 
5.0 
5.0 
5.0 
5,,0 
5eO 
5,,0 
5eO 
5~7 
5 .. 0 
5.7 
5.0 

14.8 85.2 

-<1 
.L • 

x. 
h. 

1207 1 O*il - 1207 1 1" % 39~5 6.6 I 85.0 
1207' 1 ii 1207' 4;1 .3 L~O~O L!-.1.5 84.2 
-1207! 4 i1 - 1207 1 5 II 1 36.2 7.1 81 .0 

g. 

y. 
x. 
y. 
x. 

,-+ 

1207' 51: 1207' 6" 1 39~Li- 5~1 80.0 
1207' 6;; 1207 1 7 11 1 4Li·o4 1 11.6 72.0 
1 207 1 7 i 1 1 207 1 8 i i 1 1-).2. 7 5 .. 6 81 • 0 
1207' 8 ,i '1207' 8t".;!- 40.7: 5~9 78.0 
1207' 8t\! - 1207! 9* .1 1 % 4()" 0 I Li· ... 15 84~ 2 
1207 19* it 1207'10*it l' 40.7 5~9 78~0 
1207' 1 0*\1 1207! 1 O~_il ___ * __ I L~O. 0 1 Lt·. 15 84~ 2 

13 .. 0 87.0 Weightoo. averages for 1i1 (total tbic~;;:ness_~~.~_~--~.0.3--~.5 82~0+ 5.0 ~ __ -+ ____ _ 

y, 1210 1 9 11 1210' 9~i!T % ! L~0.7 I 5,,9 7800 5.,7 3. 
1 21 0 1 91.. i 1 - 1 21 0 ! 1 O~ H 1 35 ... L!_ \ 40 5 7 L 0 8 .. 0 

g. 1210"10%11 - 1210 1 11%" II 'I } 34 .. 0 1'10.8 69.0 8.0 
y'.1210 111-£11 121111 ii 1~ ,4007 5~9 78.0 5.7 
a. 12111 1 it '1211 t 4 \l l 3 l' 39.3 I Li-.8 83·0 5 .. 0 
Y'. 1 211 1 4 11 .- 1 211 T 5 II -1 ! L~O 0 7 5 0 9 78 • 0 5. 7 

----'--- --.--------.--......:~.-..... --------·------·t .-. -- -----'------.-----...... -----.--- .. -.--,--..... -------. 
'Neigh ted aver'ages for 1 il (total t bicl;;:ness b'l) 1 j8.7 I 5·9 

;I; 

$6 

3; 

78.0 6.0 -16.0 I 84. 0 
___ .. __ .• _. _____________ .__ _ _________ ...L ___ . _._-L __ _ 

Basea. on tirne eX~JOS ea s.ncJ. ex~)res sea. .:.s :) erce eYG '.)i :')01'8 vol ume oc CU',) iea. by air '\J'lli ch r enlaces wa ter loot, 
Basod. on assumption thB.t )or~ S)2cCeS no·b :(,11180. iJJ c '\7c_'~er dl1en the ~am'01es were in Si.tu- 1jJ'ere occupied by 
oil - values given are r eSs.rdecl E,S UcI, L.1W"J1 ))SS 1;J18.:,il sa tur2.t10 ns. 

A . ~ t b a~' - ~, ""' , 1 rrlvea. a Y' a _o_lng ayer[~-zeo. r.1eC:'.s\'1.recc ';l&'cer sa·CUI'c,·G::..~;n 'GO o.vers.:::;e liv'a'cer OSSa 
B.. Original sample selected )i8ce8 - adjusted to true averaGe by ass~lins averaze core section 80% 011-

boaring. 
b. Meas urod Saturations 8.clj u,sted 

to have 90% water ano. 2% oil 
c. Nleas ur eel se_tUl'at ions ao.j us ted 

IJecause 1 i, sE.iJ)le con-c&inea. ~;1 graa.e L,L sana.stone which has been asswned 
SE. t Ul'8. ti 0 n. 

d. 
1..1r s~"'J')'1 "" "0')+8 l' t'll"'(-4 c..lJ. L -- v '-' l _ u.. . '-" . 
"'1 it Li ii II ~i d 

~'~ gra,de ~ sand.~ to ne. 
..L0I ,I II II 

o. ;i 1 1i " 
f. II ;1 ;i 1 ii :i 

2 
~_d 
4 
'1 il 

il 
n 

5 
4 

;i 

if 
(assW"l1ea. 95% water. No oil). 

"4 
g. Measured saturations recalculatoo. on lJasis of avera.ge grain o_ensi ty = 2090. 
x. Core section not actually sampled but given the avera3e saturation and water loss 
y. Core section not actuallv sGJi1~Jleo_ lJut 0'iven tll.e avera!-:e sature.tion ancL "vater loss - . . . ' - _. v. ""'-- _ _ __ w ~ __ .,. ._." __ _ ~ __ .. 

of grade 2 sandstone, 
0_1' . .Epa_de 1 Ra.,.n9-~~one._ 
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det:e'rnl1nat ions of the above were made. This allotment was based 
on the .. grade of sample ·as determined by the. ultra-violet light 
e,xamiriati.on (i.e. grade, l' or 2) . and on the average, saturations, 
por~sities .and water losses of all srunples of the respective 
gradqs., .' . . 

v.' The samples were diVided. into their respect ive zones and, 
after vaJ,.ues had been allotted. in accordance 1,:ifith iv. above, av­
erage values, Yleighted in accqrdance \7i th 'the length of the . 
samples, were calculated to E!-scertain the average saturation, 
porosity and water 10DS for 1 inch of core from each of zones 1, 
2 and 3. The se saturat ion v·o.lues. and. averae;es ape set out in 
Tabl~· III. '" . I 

The so.turations·of· the rocks in situ have been arrived 
at by assuming -

a. The pores filled with gas, Which is not air replacing' lost 
water., were filled. wi th o:il 'when the samples were in place in the 
reservoir. 

b •. The total oil saturat ion is the measured or residual satura­
tion plus the gas saturation in accordance with (a) above. 

c. The original. ~7ater saturat ion .is equal to the sum of' the 
measured water saturation and the water loss. 

d. The original gas saturation VIaS zero. 

The average oil and viater saturations .. in situ arrived at 
for zones 1, 2 and 3 .are shovm in Table III are oil - 14.8; 13.0 
and l6~.0 per"eep.t and 'water- 85.2, 87.0 and 84.0 IJer cent 
respect iv.ely. 

G.Discussion of Results • ...-..........._ • .........-1__._----........ 

In view of the fact that a vast amount of' experimental 
work on the oil saturations of cores from producing fo.rmations in 
the united states 'has shown that' the resiidual oil satur.ation is 
seldom if ever belmv 15 per cent in cores: from' producing formations, 
it might be claimed that none ot' the glauconitic sandstone in the 
cores tested represents IJroducing formatiions, 

, . " 

01·1 is certainly being "produced by t'he 'sandstone eXIJo'sed 
in the Shaft Bore, and it is poss.ible, although most 'U!'ilikeJS, 
that the sandstone fr<;>l11 which it iscoi."l1ine; is' included in the 
sections Which did not core. Howeve~ theclote parallel between 
the oi-l zones as determin~d ·by the ult:ea~violet light· exarl1in­
at'ion' in the Shaft Bore with thos.e determined b~T bailing Jcests in 
the neighbouring Pilot Bore is :eegarded as sufficient evidence 
that oil is being produced from .sandstone .represented in the ,:' 
samples. .. .' 

. It is believed that the· explanation is that the actual 
porosities of the reservoir 'rocks' in Situ are lo-vver than the 
porosities cletermined ex-.oerimel!-tally, anq.,.in consequence the' 
residual oil saturat ions are higher :than given in Table lI" and 
in some samples they may in fact, e'xceed 15 percent., 

Another fact ';'/hich appears to be contral"y to the resutts 
of ex-.periments and to considerations' of production evidence in the 
unitedst'ates is that a sandstone with Isuch high Vlater and low oil 
saturations should produce liquid 1:1hich contains mOl~e than 90, per 
cent of 'oil. . . 

It is believedjhat' th~' ·ex~laria.tion for the high p~'r­
cent~ge, of; oil in the liquid yield0d"is to be sought partly. in 

" j ': : I I!' .' t. •.. 

... 
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the :t~e.ory advanc'ed 8arlierin :this :c~eport; that 'a, subst~ntial, ,pro­
portion of the Yvater extracted {rom i1he srunl)les was planar 'ilatel" 
from clay-like minerals· in the matr.ix: Qf ,tho ,rock,,' COI).~eque,ntly 
the actual water saturations would be' 10~-mr, and oil saturations 
higher: ::than determined experimentallyo' ,. Although there appears t 0-
beno'ln,eans of determining the amount 01' planar water by direct . 
experiniel:).t" 'it' was shown earlier that there' i'smrtple indirect evid­
ence of itsexistenc.e, or, at least of the .exi,Gtencc·ofclay-lilce ' 
minerals in the glauconitic $andstone~ It is, proposed, ,therefore to, 
shmv in-What. way the saturations of a sar:1ple a1'e affected by making 
certain, assumpi! ions regardiil.g the, amount of planar VIater 'present in 
it. A different iation is mact.e between 'what vlill'·be cal,led"l)lanar 
spaces' in the rock and true interst.jjjial spaces.. Th~ pla:r:l.D:r,"'·. ' 
spaces, as the name suggestsJ) are those spaces between tho individ":" '. 
\lal crystallites occupied by pla11ar v/ater:- and ·it is a's'piimed that 
the bonding 'ilThich holds the molecules of iliater to the:(e.rystallites 
is such that fluids cannot flow through these spaces. '. , } 

The tru~ inter'si it ia1 spaces in the :eock 'are all those~ , 
spaces. ii/hich are not planal' spaces and vlhich ,are capableofhold~: 
ing resqrvoir flilids e It' can be ass1.1med 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 "conse<luentl~l to the 1'i10re per ... 
meable l)arts.' The oil,gas and Vlater saturations of the inter- ' 
st ~ t ial spaces il! a sample from l21~ feet 6~ inches ~.1212' feet L:, " 

8 l.nches for varl.OUS assumed percemiages of planar spaces are shovvn 
in Table IV, If the experimental wO,rk of Leverett and Lewis (1941) 
on the flow'of gas-oil-"tlater mi,xtul"es through permeable media c,ould 
be applied to the glauconitic sE).nc.lstone in the Pilot Bore, it . 
might he concluded that the gas, oil andvv-ater saturations which 
,?orrespond to the measured ~production rat.ios of these three :fluids, 
namely 4/1/0.1, would be of the order - gas 10-20 1)ercent·,.oil,60-
70 pel' cent and viater 20-·30 pe;;..' cent~ To obtain satul'atiomof 'this 
oIlder it is necessary, according 'Go rrable IV, to aSSUllle that between 
60 and SO ,per cent of the total \--oids are ·planar voids" 

., These figures are necessarily approxirnate as Table V will 
show~ In, this, table six measurements by I,everett and 'Levvis a.r~ 
given, and:though'i'1o individua1measurem,ent gives production .,,;,' 
ratios au.fficientl.y.01oB(~ to approximate those of the Pilot Bbl'lG, 
they at least shO'liJ the general trends of the production rat ios'as 

"the satura,tions of tho ,individual fluiclsvary. The production 
ratios'for the Pilot BorG corr-espond to the sand~tone adjacent to 
the bore hole and are not typical of the reservoir rocks in situ 
because it.,can-be ass1L"TIed that the gas sa'liuration' would be ze:ro under 
reservoir ,condit'iorisoln arriving at the values of",the relative 
composition of the flu:id yielded, use.' has, been made·,or the, e:X:-.Qel'i":" 
mental ,result,s of Leveret,t and, Lewis that' the isoperins of all com­
ponents ,:.are independent of the viscosit~I .. ' T~e viscpsity ratio used 
in the calcul!3.t.:i;9ns -ija~gas/oil/water = .012/'85/,.;68 corresponding 
to meth~n~,~~~):'espectj.velY at 100 F. , .. ',:, ' 

It must be emphasized hovlever, t hat these workers used 
unconsolidated sal1.ds of p:ermeabilitiesranging from5~4 to 16.2 
darcies a no. thou,gh they do not comment ,on the effect of specific 
permeability on their results, it is evident that the relative 
perrneabilities to the three phasos of fluid floVl are subs~m;t~allY . 

'~ihdepei1.dent of the permeability over the range of permeabJ.ll.':t',l.es used. 

Tests iof permeability were not, made ons8..Lilples from the 
, Shaft Bore, but visualinspec~ :ion of the 'cores suggests ,that, .;t I:ey 

do not differ substantially 'in permeability'fr.6mthe 'glaucon:Ltl.c 
sandstone in Bore No.lOoa . The' average :g:e:rme8.bilitybf, :t;hats~ction 

.. of Bore No.lO (Thyer 1944) which corresponds to the, sandst;one ex-' 
i)osedin .the Shaft Bore, was only 2" 16 millidarcies, but micro­
~copic comparison of oi),~~·:qearing andbarre)':;l ~;a:r:dston~s suggests that 
the oil-bearing l)~ll"ts have much 'less glauoonltl.C rnud'matrix.than 

" 



Oil Ex. k§:9. te d ::::: 

--
TotHl (pi~nar 
Voids "---Voids )% of 

cc. cc. ' Total, 
.. 

5.9 0 0 
" 
, , 

5·9 1.18 20 

5.9 2.36 40 

5.9 3.54 60 

5.9 4.65 79 

Intersti ti8.1 
Voids 

cc. 

1.25 

Actual 
Porosi ty 

% 

8r::,turE'd;ion of 
Interstitial Voids 

Per cent 
oTi---We, 'cG~r'-'-G2:-s 

I 

Ifot8,l ,o'i1 in 
situ 

Per cen:t of 
Inters tli tia1 

Voids ---t---... - ---,-_.- ---... _--- . 

41 12.2 79 

33 15.3 73 

'2L~. 8 20.3 65 

16.5 30.5 L~7 

11.2 45.0 0 

B.8 

11'.7 

11J,·.7 

55 

'27',-

35 

53, ~ 

100 

_ ._ ...... \ __ .--J. _____ ,_-"--___ ,._~,. __ ". ______ • __ ••• _"._, _______ ,. __ 
-------~~.---.----. 

•• j .:. 

'";., 
~ . 

, 

" .... 

, . 

-® 

• 

... ' 



• 

1111.:;" ',1';' V ~.-~:.... ... 

Based on eXperimental results by Leverett [:.;10.. L8iiJ'is on s~· ... ncl.s 
of permec.l)ili ty 5.4 to 16.2 Q.l.'trcios cc,lculc.t:Lon8 1)[~rJ8cL on 
viscosity rc.-cios g2s/oil/w:-:.ter = .012/95/.68 corrcE:;ponding 
to metn.ane, Lakes Entrf~nce oil 8.06. wc.·Gc:t.1 respoctivoly nt 100oP. 

Gas 

27.7 

15.6 

11.3 

12.0 

7.3 

0 

Saturation 
P§R cent. 

Oil Wuter 

---
49.3 23.0 

64.4 20 

63.6 25.1 

61.5 26.5 

62.9 29.8 

---.-.. -----.... - .... ~.~,.-.. ~-.. ---......... ---'-.~- ... --:-" .. '-'---....... _ .. _., ... -_._ ... - .... __ ... ---,---
Hel£;.tivc Str0~.1ill Components I Efl'luent 

Perldo[~bilit~r Per cent, , l~Etios . ::-.:' ~~~ __ ::; -~:;;-il:~:~~ il:o-r~~:~ 
.0019 .464 .0005 76.2 23.5 0.36 

.0004 .517 .0032 36.0 59.0 5.0 

3.2 

0.61 

.0003 .418 .0039 31.0 62.0 7.0 0.50 

.0003 .196 .0006154 Lt-4 1 .9 1.2 

69.5 30.5 
______ 0 __ ~59. __ ~OO41 ~~-~_J ---_ 

65 

12 

8.8 

23 

110 
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barren sahdst'Orie~~,;' and :haVe a relatively,spongy ;8.ppenran,cej ,c,on~", 
sC;)~uent'ly 'one:,vJ.oul'dexpect them to. havE:; ,mu~tl:)ligher rierI'ii.eab.il'i,t!~.-),') 
than' barren" sandst'one,:; It is,th8refore a' ,rea'soriabli3: ass1.llnptioh,~t'hat 

, the perr:ieabili ty '-of ,tho'S'e sect ion.s of the, Sh2..ftBo,:."e' vvhich' conthii1 
oil rJould be comparable \~Tith the 881111:;188 Of relat i vely high per- " 
meability from bore NOelO~ e~ge 1272 to 1273 feet, etc. Which 
averaged,,5, milli(l.l?,rcies ,'and ranged up to 50 il1illidarcies. . .. . " '. ,,' 

" bbservationsmade,at the tir!lc the Bore No.lO samples were 
tested showed thnt sorlle sample s conto. ined patches "V'ihofJe permeab-, 
ility VIas much higher than,tho,permeabilit;y- of the l"'emainder' of the 

,.,sandstqne in the samples .. ' It was,(~,stimated that the perr.leability 
,of one, such patch in c, s81"llple frOi.Tl, 1294 to 1300 feet 9 iil8.S of the ' 
order of 120, millida:bcies"It is, now, believed that, these so-called 
patches 111ay ,have' c,orresJ}onded to ,oily patches o ' 'NO oil or 011-
stainibg vms se8n in t11em.but ,this i8 not surprising because in 

:the present 'examination it was fO'\lnd that the ultra-violet light 
cle8.rly indicated oil 'Hhich '1.;".'2,S ,il').visible in ordinary light, in 
mc.l1Y such pat ched o ' 

It is concluded, therefore" that the 1J(;rrlwnbility o'f' 
the oily patches might be consiclEH'nbly higher than the' avero,ge 
for, the vlhole'sect ion exposedg and f:1L:'y exceed 100 millidarc ies for 
dry S araple s ~ , "',' 

" 

: ":,.': .. ' ,,' It is seen that, a cOfJlparison ,bot'i;Gen the result s of' 
LeVBrett' and.: "LOVllB (1941) D.nd thoso fl:'om th() glD.uconitic sands'tone 
io one betvveen· nint erials of Vel"'~T, diffo,rent, perrneabili tie s. In" 
addit,i9n, t hoir test s were made on uncons61idat ed sands, vJhereas' 
the 'sandstone is "ceinented 'Hithglauconit ic 'mud .. , ,It follows there'-

'''fore th~t the result:8 of t hoi;." Gtu9,ies may not 'be strict ly ,npl?~ic-
,a:ble ,to the glaucon,ittc sandstone.. ' "" .... ,I ,I,,, ,! ~, 

. '. '. l, . . . ~ ~ , . . .' • ". ' . , I , :, i ':i j" ':.;} 

The influence of permenbility on the satura{i:ons;; 'r'e.' ') 
quired to give certain production ratios for oil, gao and water 

.has not,O,een:invest'igated as thorlJ,ughly as other ph~lses of the , 
probierri • .I"Tlie \"Jork of vnn Wingen (:19~8) and others ,shows; how\3ver, 
that when oil io forced througll--<.'lr'oqk saturatec1ivith vY8ter,';" 
the fluid issuing fl"Oril the rock at first contaiiH3' some vlater but 

"i:iv..~ntuallycons:i..sts entirelyoL:Ql;J.~,The quantity of water , 
" ... i~(nl1ain\ng':1n the rocl\. i.8 found t o'be ~irrv.crf3ely propor.'t ional to , 

the,"i)GrfJlt;ability" Thismtght, beinte~',Ptyted 'as .rilenning that ih 
such a two-phase flow (an(l in the reservoir it can 'be assumed ' 

.;' [rth/?-t all the gas is j,n ~olution) the limiting oil saturation at, 
::'-,;;v;hi'ch--the" floW' thtough'thcY.'oclc will,b,e 100, per cent oil gets : 
~"'progr'e ssi vely' le'ss,EtElthe per-meab ility decrease s 9 G.nd tends " .. ' , 

towards zero as the permeability a},:;proG.ches i.ero. ''1'he infe~enc.e 
" is" that for the glauconitic sandr:;t onG of low perrjeability the " 

.'~ \,':: v/at'eF saturation at. whic11 the' rock v/ill PI' oduce: subs,tant ially 
" and :g£i.s is probably cons idel'ably higher, than' has heen predicted 

'i'rorii.'the work of Leverett and LE:'.;:ris o r,rhiS,t~end ,ra8ans in effect 
',::"-;:, that a, smalier ~ropo;'1tion of J)lanar voids :i.n::'::the' samples than: 

the 60 - 80 pel~' cent quoted o.bove,co.n be ,as8ur,led and this \vould 
be consistent with the observation t.hat t,he 'oil-bee,ring port i::>ns 
'Of glauco nit ic s8ndst one seem to c()l}-c.'airi 'iess" of the Cei".lOu-c in£2; 
n'iud thart barren port ions", ' '" " 

It is concluded therefore that when due allowance is 
made for the space occupied.b~i plcma:e:watel"', and for. the low 

I ,permeability of the sa'l1dstone~ the 10\,10il ss:turations found by 
:~'jq)eriment are not necessG,rily inconsist~nt vii th the fact thnt 

," the oil zones' iJroduce liquid ~which contaJ.~1s,:i1ore than' 90 per, 
J" c'ent of oil. .. , ,:,~' ,,', ',": 

) . 

It must be eml)hasised honever, that nO:'l8 of' the' t:lssum­
pt'ions made . .'re'garding, ,t~~. qllantityo~, planaX' ,!y!~~e:: ,p~'esent (and 
consequently the ~!~~,"1)Orosit!'i.es:)~ J.n, al1Y, wfjlY:i ~fI eCGS the 
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ccn9~~,s;i.bns,ar~'ived at l;;egarding the' total quant ity of oil present 
,In'stt}l iri, a given volume of sandstone~ , Consequently the volumes, 
,(g~;ven, in Table VI) of ",oil est irdated as' be iug pre sent in an area, 
of ,-;t. Eicre by using the .ayerage oili~raturations listed:in, Table III, 
are unaffected' :by, these .a!ssumptionst., 

• ~ I l ' " ..'. \\ 

-.:';:.:' , 

VIII. 'OIL CONTENT OF THE GLAUCONITIC SANDSTONE •. ,,' 
-~.-------'~ . ,~--.. -----------........ ------. 

'BY u'~ing the figureso.btained for, the aggregate thickness 
of productive sandsto'ne and the ,ii;l:verage porosity and oils,atur:ati.on 
for', each ,zone (s,ee Table I II), it is 'possi ble: to ,:calculate appr,oJ.(:­
irnately" the tot'a1 'arilount of o.i'Lper acre contained in, the, t1:lree ' 
productiv:e ,'zones in the uppermost-13 feet of the g1:auconitic:sanc;1,­
stone.' 'The,r!3'':t"L"]J:.ts of t'1:le co,::Lculati'ons are setout in ,Table'yI.,,:, 
wh~ct ;shoW;s th~:tQ~a:~, .oi:;l- content in barl~elsper acre. ';: ,Two I fi!gures 
for theo.il' contEnitof each zone are given; one' is based en ,the., 
aver'ages of. the measured or residual o.il saturations, o.f the ceres, 
and the other is based on th_e. averages o.f themaximwn, po.ssibl.eoil 
saturatio.ns. The latter are calculated on the assUIaptio.n that t).1,e 
space in the ceres occupied by gas s ether than the air replacing 
water lost, vIaii' formerly o.ccupied by oil. 

, It has been pOinted out alroady that the se,figur~s: o.'~:iY 
apply to the uppermost 13 feet, and take no account o.f; O'il.Yll).i,op; 
almost certainly exists in the 10Vior part of the sandstone. It 

,wasp-ot' possible tQ calculate figures fer the lower part because 
, no.ne.' of the, bo;res Which provide': detaIled' informat io.nspenetrated 
deep~r than 23 feet below the topo.f ,the sandstone. ' 

'\ ' " ".'" 
',' 

Hcwever" the re(.;)very;:of:o.il in alJpreciable quantitie,s, 
from' o.i-i zQnes in the lower port'ions'~of the sandst one byhorizo.n­
tal drillip.g may be imposs ible for the reasons given belew" El.nd ' 
consequently the zones ar'e'considered to be economically unimport-
'ant. '. ,',' 

": 

i. It is ,very doubtful whether the' ma.,in shaft, co.uld be sunk" , 
suffic-i,ently far into the sandstone to enable horizontal ,holes to. 
bedrilled'into the lower por·tione 

ii., It is doubt f'u 1; whether horizonta,l holes ,designed to tap t'he 
lower oilzonee,ould be controllt?d sufficiently closely to, prevent 
penetra,tion of, the ;artesi,an aquifer UI'!:clerlYi,ng the glauconitic 
sandst cne. ' '; "J, ' 

/ 
'. (')', . ': 

iii.' The,amo.unt oioil' which could be obtained fro.m. the, lower 0.11 
z.ones by horizorii:;al bores at levels, substantialiy abo.ve the zones 
is likely to be" small. ' ;, 

, , 

It is considered therefore that only the u21)e1" p~rt ion of 
the glauco.nitic saridston~ needs to be taken into. account in' calcul-' 
at ing the tota:l oil cO,ntent per' acre o ,In Table VI the t o.tal oil 
contents per acre tor the three zo.nes combined are given as 440 , 
and 1170 barrels' respect iyely, depending' on whet her the calculat io-ns 
are based on' the l;m:::asuredsaturat ions or t he maximum po.ssible 
saturations. The Cl,ctual total Qilcontentlies therefore, between 
440 and 1170 bal'rels' pel~ acre, but is probably much closer t9 1170 
than to. 440. 

" " 

If themaxiinu.,:n1 f;Lgu;."8 for oil conten.t p,,:;j.'" acre be used, 
the to.tal arllount o:f" oii:contained in the product ive' zones for a 
distance o.f 1000 feet in all directions, f 1'" om the Oil Shaft, ':.1111 be 
approxirnately 80,000 barrels~ and, if the, limits of. the area are 
extended to 2,000 feet from the shaft, the amo.unt w~ll,be 320,000 1);,' 

barre Is.~, :;" i .) ,,', ", ,', -,', (". 

"Itsho\11d:::'be:~mphasised,hOWeVeJ""th(;l.t the above figures 
x'epresent' thetbtal amount; of o11Lthc"Jight,to be COht;~ined in a .. ' 

.' 

• ., 

, ,. 
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. ~r.;E VI. 
, " 

OIL CoITl'ENT' OF PORTION OF TI-IE GLAUCONITIC SA1IDS'l'ONE 
. 

n~'l'I'IE VICINI'Y£. OF 'YrlE OIL, SHAFT -' LPlffiS ENTRANCE. . 

. , 

Ap)roximate , ~'-:''''-----'T---' ---
Upper & Lmver , Aggre'gate I AV,erage ~Av.erage' O~l Sat~?- tion' 
Limi ts of Zone thiclcl1ess Por;Jsity' Per cent. . 
oelorl tOD of; of' productive Obser,ved - I:KaxirJ1..un ' 

Giauconi Jeic 1 Sandstone. . Pos::?ible 

Zone 

Sa'ndstone., 'Inches ,_ .. ___ .~ .. _'_.~ ..... _ __ ---,I--~~...;;....;;O'_;'_::--"-'-__ .. __ ----.. - .. ...,........,.------.. 

1 1 " 811 3' 8 11 11 1+2.5 5.12 14.8 

2 7' 7" 9' 1" 

.~ . 

12 1.;.0.3 5.5 13.0 

3 11'11 i1 -12 ' 7H 8. 38.7 5.9 16.0 

\ 31 
I i ,_ ... __ . ___ 1 ___ - l .. _--.--. 

!b Barrels of 35 Imp. gallons. 

< 1 

:,rQ tal Ci). Co n te nt' 
:(3a1"Te1J?E_ per acre . 

:3asec!. on I Based on IvlaXimum 
observed. I possible' 
SaturatJ2!l . .J- Saturation 

150 

170 

120 

44-0 

I 

I· 
i 450 

400, 

---1-_---220 

1,170 

t ~ f. .'. 

," 
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restrict·.e:d,area .. ar:i:o':- d:(3pth of glauconitic sandstone ~ and must not be 
.regarded as,. "reser.;v~s," (I'·· In' oil'geology 9 "oil reservestlusually 
signify: the. v.olume, 0:( oil. which can actually' be recovered 'froni' "an 
oil reserwoir. ahd.:al"0 itherefore' ·te·Ss than the tot'al 'amount. of·oil 
,present· in. it.:· .. :r.t;·, is:':~iso' appar.ent that oil reserves' can oni'y'be 
calculated for a resel"voj.r as a'vJholeand not for any nrbitr'ary . 
section of it 9 since oil wHhd:L'awn from 'o'ne sectionofthe"re'ser-: 
voir VlilI norrrially .. be rep;Laced by. oi], migrat ing imwrds to'iJards 
the lovl pr.e.ssure,are.~ est.ablished .at tho' point of viithdrawal • 

. ,' ;j' . .~:': I . . .' . • . ..' . 

:.: ... ' ... ' In t.he'.'.Lak~s E~trance 'fi01d~) 'oil re.8ervGs'·'cou:i'ci·:~6n·ly· .'~' 
be :calculated if;definite boundaries for the oil'reSer~oir We~g(J·;· 
established; if ;:s'Uff1ciont information Here available to ·determine 
average saturations and porosities 1'Ol'" .the: 1iIhole field; and it'· 'all 
the factors influencing recovery were lD1.own::, . stnce·these"facto:r.Ek·, 

. ,a~.e r~otkri.oylrl;, it.:.:i.:s.,ilnpossible t Od'20.l with. trie reservoir as a 
whole and the aboiie'iriethod of' calculat ing the amount: 'of'.:,o;iJ .. .i.!i situ 

···in a given area; has ,peen adopted as ame8.ns of investigating the 
economic possibilities of theprojectIlThesecaloulat·t'ons, howevor, 
(i·onot take. int.o .acco,v,nt. the. amount of .oil which 'inight' ·migrate".il1t 0. 
horizontal drillnol.e~:r .. fX'Ol:n glauconitic' sandstone. 'lying out side. ,: .... 
the limits of 1000, and 2000 feet set bythe'10ngth.sof·· the holes •. ' 
H01iifever, in the light of the lmown physical' char'a'cteristic's of;· ... .the 
reservoir it is cons idered that the quantity of" oil 'lilcely to'.De 

.' r0covered in.t hi s.: ,V/ay Y[ould not. c onst i tut,e an important economic 
factor. . , 

The total oil contents are shown in Table VI:, but no 
figures are given for recoverable oL!~ because at present there 
appears to be no way of determini,ng accurately what percentage of'. 
thO'''total oil content could. be recovl3red in horizontal wells. It 
is proposed therefor,.e. to discuss ''in the ·.next sect ion the principal 
.factors affecting recovery froin the glauconitic sandstone', and 
later' to estimat,ethe: percentage 1ik.ely to be recovered. 

") .. '- . 

lX._..!._.-.F.;;.oA,.;;;.QTOR§_AF~,~QTJ..]\TG ...BACOVERY 0 .: .. 

. ,. . 

,'A~ . Distribution Of the Oilo 
--------~- .. --...... -----

~he ultra-violet light examination of the cores shows 
'. ',''that t·he· proport ion of oil-bearing roc~( in the. oil zones varies 

from··about' 5'Q"to over.'. 90 pEir'. cent.. In the Shaft Bore approximately 
10 inche s ·o,f. t he tot al 31 inche s of product i ve 's'andst one consist s 

"'. of beds' or' lenses ,almost c'ntirely composed of oil-bearing s.andstone. 
'The remaiI1ing 21 .inches consJ.sts of sandstone Vii th irregular patches 
of both barren and .oil-beal .... ing sandstone in apprOXimately equal. 
proport ions. It ho.s been shom1 elseVi/here that the l)crmeabili ty .·of 
the oil-bearing sandst0l18 is believed tobe conside·rably higher:.,: 
thEm that of the. normal glauconitic sandstone which carries no oil. 
In a z'one almost :e~tirely composed ·of oil-bearing ·.sandstone tht) 

. permeabili ty:of. thezoIlc.anc1 the flop .of oil from· i t·will. he' ,re-: 

.lative·1y high, but.· ,in a zOne in uhich'tho oil-beartnG sandstone" 
.. occur's as :il'regular patches or l'3l1:ses the permeabil'ity of the. zope 

'as a 'vvhole and the flo\'.j of oil fl~OrJ1 it Y/ill be lower and will be 
deuendent" ,on ·the. e'xtent to Ivhich th( 1)atches orle:i.1ses are C011-· 
ne;ted. It is obvious that whei~e lenses or patches of oil-bearing 
sandstone aj,,"e completely surrounded by barren glauconit ic 8f;1.nd.E!~one 
they cannot contribute to the 'floYI of' oil produced by the zone, 
unless they o.re actually penetrated by .the drill. 1n the Pilot 
Bore 0'V0r BO',per cent of :che oil is produced from one major zone, 
a:lid the remainder from·tvvo Elinor zones whose yield is cQmm rat­
ively 10v/. ·The explanat i9n' app'ears 'CO be that,whereas the 
major zone' :i.;i"1cludes·: .. a i~nse or lel).ses of cons idero.ble hor izont al 
extent, aIm·ost .. entireJ,y. Qomposed .of oil-bearing sandstone, the 
minor zOues consist of poorly cor:u"'lected lenses or pa-cchesthrough 
wh.ich oil flows with diffi culty ~ ",' 

. ,',I:.: 
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. >, : ,,' Although tho 1)X'o:1uct ive zones a1)"oear to have horizontal. 
·?Orit~:~~t.t:!.:~ the.cparacter.:of-·;any:onezone. m;'y vary cq,nsiderapl! .. ::f;rom 
.pl~ce ;t'o p;.~aceo ,:" Thus'aj;)roduct 1 v;e : ,zone 'lTl~y ~e a maJor produC'~ihg,;, 
unlt '~n OPd, bore but' may'proclucc·:D.:lttle,oll .~n another bore a:few 
hundJ;ed>feet·;mvay"due to' a' change"~n the, ~di,stributicin.8,nd·:prdp6rtion 
of'the,·.'o,ilo;;.peaptng sandstone in 'it 0 " . ' 

...... 
, . .A' fU:rt'her C onsidera'tionis that the. oil occurs .·in· i6nes 

which : are :·separateo. byglau.cop:Lticsandston~ of extremely low­
permeability, so, that vert ical rlligrat ion of oil froIn ':Onezone ;t<y. 
an()t~~r' ~s .·practically impossibleo . The presence of c'racks, 'joints 
or ~a\llts .1n the, formatiorl' might'alJ.o\N vertical migration, but there 
is no: evidetlc'e' ,to suggest that, f:r'ac"turing or jointing of anY . 
si'gni:('icartce exist.s in' the roc1:o ',' " , , " ',' , ' 

. -,.'.!. .i_· .,,-~,: . ':. 

", 'Jk.:.J~292~~~_~g£ __ g"i~·'"").SEr:~EE sand~ton~Jn:...hor:Lzo~al_.2-ri1hhoi~s. 
". :' • '. t .1' I: I ',I '," . " ': . ,'" • . .' '.1 . . . ; . :.' " '. .) i. .' r i ~ ; i:-~ : ! . ". .': ' 

, .,', ':" If, the Oil Shaft v{Qre, sunk some 16 feet'into the·gl€lUcon-· 
, .itic, sandstone, it, might be possible to drill horizontal'.'wellS in 
. the upper, 13,:feet of the formation" provided a hole could be kept 
vlithip.·these limit.s~ it should i}onetr'ate oil~bearing rockbut,·the 
proportion of. oil-bearing to harren ro.clzexpPs8d 'ilould de'oend "011 
It·. . • . . ,~ • 

vari.<?us fectors 9' and la:r_gcly on chcmce.. '.:". -. --- . , ' 

.... : 'In the 'firsti)~ace, '9. 0.01e' maybq s'tarte'dln ,~'major'-p'ro­
duc1ng zone ~ perhaps a foo-".:;, in thickness, but any 01'" all -of' the 
foll.qW-ing, difficult ies might be - el1countql.'ed -

i~ _Th.'e -:zone may grade i:nto a mi.l1or produci]:1.g zone. 
". . . 

ii. _ It-"r;iay not· be· possible to' 'pr8vent the hole .wandering ·a·foot;-: 
;ot:;,sq :vertically without. inburr'lng he'a;vy cost, .. · - ,; 

'fi:t. -: 'The:il;le may·pass Q. few ii~~he6.- aboVQ ot' -Oelovf' lenses of high 
oil content"within the zone and','failto ta-p them •. . " .... " .' ~ . -

-- ~v .', ,The -top' of the gl8.ucdn:ij~iG ,J3a.nd:;>t,one will. pr.obably s_how slight 
irre@,larities in:'dip and.these tD.ay 'be':reflected in the oil zone~ " 
tliein?~lves.; - - .: :~' ,.~: • '.:. ,; . . .:', I.' . 

..... ...... ->. 

In" g~ile'ral ·these·· difficult'ies b.8c;ome' greater: wtth i'ncreas;ing length 
, of,',the, drill holes and the :ocnet~a~GiOl1i of oil-:-bearing rock'some ,- . 
, l1ul'idie.~s~· of f'-eet from t'he. shEl):"cbQQomep.a matter o:f pure charice~: 
. Furtherrl1or'e,' '.if chance :\.S the only facto.r 9 >-qhe- dr.ill at any'pnEr point, 
- -is mdre 'likely' ·to ',pcnetl'ate bar.reT~;:l";Ock than ro'ckcapable··of pr.oduc-
·irifCoil.; Since the latt.eraggr(jgat~"s' .. oi'll;y. one'~fifthof the total 
13'feet .'of . formation invo·lved",· .. . . . . . 

.. ... ~ "~: -.:. ... 

In the second pJ.ace~fh;ce thethr·ee' prod-q.dtiV~ ~gnes""each 
contain approximately the;· same ' quantity of oil per acre ,,,-'anyone 
drill hole.9 even if waint Ei~ned sblc'lJi- wl,tllin a zone , could not tap 
more, than one-third of 't'he- aVG.ilable· oiL, :,This posit ion might be ., 
imprpyed"if' artifi'ciELl cracks,vlepe formed t'n ~he formation (e.g. by 
sh66t.,l.ng the \vel-ls) ·'/j·o, enable'migra:[; ion of ... flui9-s frOlH one zone .t 0 
an6t:h!8r:~ but the' yopsible effect s of the shoot ing cantlot be. visual-:-
ised~:' " .. - . '.,,".. . . ... . . . '. 

:.: .', . 

. ~. ; . 'CD Nature ofMotivei~orce~ 
a.'"'I,...._~_'-· __ ,. _____ ~, _____ ~_~~----.... 

The l)BrCCnG~ge ,of oil' 'recovered'from, a ·reservoir .depeJ,!.dii 
on the typeo! mot iva force.C8.lJ.8 il1.g ,the· oil to flow t o:th~ l)o1"e or 
bores which tap:: ito c~_ It '1s genera11y acqeljted in. oil technology that 
the .;:naximul11 recove:cyy;fthgas t1.:c'ive' is·~;O·per. centpf the oil in 
t'he i.es'ervoir WhiiG,recovepyqYlJ'laterCLr:.Lve~llay .. reach 'as high as 80 
per cent II' ... ... ... . ,.'.. ., "',.. . . 

;L ".-. - t , • 

Gas drive results fJ:,om·;gas;co_n~ing' OljJC 'bf':;:.olution when the ; 
reservoir presslli,;""e- is reduced on pene'cX'a:b ion by the'bore. ThlS gas 

,,," 
.; .. 

" 
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~) ~:'''. :~ .. ~ 
: occupies some of the pore sp~d:~s and forces oil from to.em in:to: the 
b9l:'e.::.· The, gS:s/Oi 1. ra:ti'o' 'of.' ti1e Pilot Bore, w,hic11 is, regarded as 
bei'ng typical of"t he area," t s very· 1m! . (appl~'oximat ely ~/l or 22.' 
cubic feet/barrel). A considerable reduction of pressure wquld' , 
have to occur"bef.ore any appl"eciable q,uantit:;y,'of'gas carne "out of 
solution and .con/:?equentlY it is beli-eved that ~t Lakes Entrance 
gaS .driv.e may riot be ··the prine ipal ·mot i ve force but ;i.s pI'qbably 
oper,ative vdthin a fe'W feet of the bOl"e. ' . .... . .... ", ' . .. 

'/' 

.. ,' '. water drive'o6'curs when vw:ter at or. o.bove, reservoir 
pressure replaces liquids ,withdrann t11rough the bore and includes 

. replacement by' p.rtesianwater, or. by expansion of large volumes, 
. of :wp.ter surroundin'g t:he rese;t:'voirs" It is believed that the 

'. ;prin,cipal motive foi-'ce' 'operative at Lakes !:~ntrance is water drive, 
although there is no dir'ect <::vidence to sup.port this·beli~f.,; It is 
rel!3,i;ivelyunimp,ortq.nttokrlO';v: vlhethcr this drive is due to' a~-.tesian 
water, or to water,exparisiorii)l~'oviding the volume of water available 
:for expansion is $1ifficient to 'replace all the liq,uids vlithdrawn.: 
TO get maximum "r'ecovery under' water' drive it: is essential thD:t" .the 

, ... reco:v:ery. rate shbp.ldhpt exceed the rate at v!hich water l"eplac'e's'" 
\~hel iJiqu;i.ds V!.ithd.rEl\'1l1'~':.:'In viEJ1.70f the many p.nknovrnfactorp·,'irjJ,·;·:. 
volved in. the est'ittiation of recovery by thi,s"means it is be:).levtl'a; 

. that an as'sUmpt iorfoi' r'e'covery in excess of 40 pe~"cent from' any:'r . 
.. .oil zoneseffective:ly t'apped at 'Lakes Entranc,e wS:m;rd' be' unjusttfi'ed. 

• " •• ': . '.,: " _ :., '. , . , • ., t. t~ i';" '. . ' • . '.. . .. !. . .~.~ . .' J. I: :: :'. 
" ... " ~\nother :poss~blG motive force might. be tb,e .collaps.e crf;' 

inoompetent beds' wher;l.' t'hefluid pi"essure is relieved' by boring.':"" 
:'Cc;>rrlpr'essive stl"ength,C,tests ,made on 12 s'amplel3, ofrmtel:'-saturated:", 

<gl~ucon'itic saIlas~'o!ii:L,from'Bote No.lO gave an average' comiJress.~v~ 
strength' o;f> 1294 Ib/oquare inch but some of the samples had ': ":, 
,strengths as lovi Q.·E.(YOb Ib/pquare inch. It. is believed that :~the~.: 

',open textured ... .. J •• oil-bearii1.g portions of glauconitic "sandsto'ne 
'might. have strengths 'tilore clos,ely Ctl)proxiraat;L,ng 700 ~b/squa.re" ~n6.h 
than l2941b/squarC inch.,' 1'h6 'pressure due totb,e Qver:lying ,).~c>q.ks 

'-. ,'. depends on· the~'r .a.~ns'ity Which is no'~ accurattplY knov-m bu.t' if a'."!; 

. ,density 'of 2,.3 'is 'a,~~umed the pressure will be , Ilb/squ[~re:";.~.r!:ch J'Ol" 
ea.c~1. foot of dep~h,\';i.e .. approximately 1200 Ib/square,. inC?f?':a:t' :thB 
t 01' ,of the glauconit'ic sandstone,. If the com:;;"lres s ive§>treiigth .:of 

.r .. ' ~ny section. of the gl'8.uconiticsandstone is less than the ):'''o'C'k'''~ 
,./ \,p~essuretherock\sonl:y prevented i~lorl1 collap~ing ,:pY"y~rtU(t .. ,< 

of. the pressure of the liquid filling the porcs. The relief"'of!~ 
this ,pressure "would surely lead: -Co' the collapse of the roc~'struc­
ture ~vith a resulting decrease in 1">oro volume anq. expuls1q·p.:' of 

, .. 
'0\" 

.. li~qU.id~. Such "a ,co:Llayse 1i'lOuld extend progll"essively.'outyiar·~s·, "':' ,) 
from 'the point of pressure' re1ief buti t ,is beli~.ved that ,the' ·de­
crea'se in permeability Which must result from t'he, c,o"llap~e,~'Yllo,u-+d 
resul.tin a rapid de_cline in the rate of' 'production and "conseq,uent­
ly: iOYl percentage recover;rfrom the oil zone. 

~ , ". , 

J ~ •• 

, "Inthe~rythe high viscosity. o:f the L~kes :Entrailce oi'l 
.,:;'::.(<35 cel~tipoise at lOOop), ~hould not effect the ultii'i~at~ r:e6over.y 

. of oil because low Iir~ssui~'e gradient s vv.ill o,,{ercome 'che resist..:.· 
ance' to flow result:tng from this viscosity i'f given sufficient' 
time~ In pract,ice ,"'tlowever;' .viscosity is a factor influenci'ng"~ .. 1 

percentage recovery' becauscwith highly viscous oil the production 
... rate ,will decline too. non-pJ::>ofitable stage earlier than with a 

more'rnob.ile oil. . ",,' ,;" ," 
. :-

E. p'ermeabilit~T of the sandstone • . -~~~- . ..... - . --... --------
'\' The loW' average 'permeability of the glauconitic sand .... 

stone will adv:erselYAff8'2~,'the decline rate and conse<iuen'~l;y' 
the ultimate recovery.' , 
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F~ .Decline Rate • 
. ~.: ',.' .'.:. ". ..~--- - -----

, .... ' 'The rate at yjhich:.;t.;~c'.Ul'ire6tr·i~ted 'Production from any 
bore tapp:i;:ngthe reservoir ~decl:i.tie:~ is ari"':ihdication of the ultimate 
recov~r·y. "., '. ",i ,''; ,,:.;' ",'''' .. ". . . 

. :. ',.: :.f 
.~ -,' 

• v' .Til.e··:~ P'ilo~t"':'-Bbre is:' ' . .t he on~y·. bqre",,,. il~ 'th'e L'¢tl~es -' Eri.tran~·.e 
field'- for ~,lhich suJ'ficient· \inform:at ion is ava11able, t'6,\:iet ermine' 
even .an';apprbximate decline.:;curv8o ', Bailing.tcsts carried 'out' at' 
intervals: over a period. of appl."'oxinmtely twelve nlont'hsshovied 'a' 
decl~~'ie from an init ia1 production-'of dry otT 0:1; 40 pints;~ 'day to 
27 pf!).t s a day, i" e~ a decline of about 33' pe't""ceil.t,. :' The-."'quant ity 
of oil vifhich COUld. have been px'oduced during .t his t ir!1~·ttad, t he ',bore 

. been 1?ailt;::d. every day; idouid have been of the. or.der·of( 1500 gallons. 
If- th~ :'sarTie peJ;'centage, declin~3 is maintained over ·the,n-ext· few years 
i:t has "~,~~nle st':tnttfe.d that, (.;~ the" end 'oft,hr:ee' y~arE(the ,~at'e ilof' 

;,productlon'willhavefallen toapproxir,1ately 8 pints a day and the 
yparlypr.odu~t ion in' each of those, '~'hree .. jTears will.be approximate­
ly 1000'g?60 and 440 gallons respect i velY-;mal;:irig a' total of 3600 
ga)..lons produced in four years~ - If the ,same decline rate is main­
taiI1ed;for apel"iod of 10 yeai~s.9 the ultimate yearly production 
\'Jill.i.h.aved~opped to' approximately 40" ~sallons and,i"the total produc­
tion 'c>ve'r the ten years period VJQuld bu-approxirp,?t ely 44CO gallons • 

• '. Th,¢. la.:tt,er might bex'egarded as 'the ultimate re¢'overy from the 
< Pilot ·!?bre. In the'c8,se~',of a horizontal 'bore ";hbletap:ging the . same 

011 :~onesth.at 'Yverctapped by the Pilot Bore, the initial product'ion 
ra1:,e Vloulq. berriuch greater ,than for the Pilot Bore, bocause a greater 
lerigtlJ.. o:f ~he bore would intersect: the zones.' . HO'vY\3ver,' the dec:line 
rate' 'vvill also .be very much greater becaus:e in. thePilbt'B?re (where 
a. vei"tic_P.~: holeinter'f3eGt s, a horizontal oi:~zone), drainage .of oil 
to the h-olewGuld be ,uniform from all dirG;ct ions (radial flo';,) ,'b:ut 
in tne horizontal :ho·le ,drainage wou~-¢Lbe .iJ.llnit:ed to drainage mO're 
.01" le<ss'h(;)}:'mal to: tb,e hole in the horizont§i,l plane .0:1; the 'o:j.·l:'zo·i1e . 
(lin_~·~rfiow) •. ThG'~ult irnatc pressure Clistr.ibut ion In the oilzQne " 
for vlh~,ch ttle flow, to the hole "lould be in~.:Lgnificai1tw,otild be '" 
attained much more r'apidly., in the case of,l:J,:near P:lovif than for' . 
ra.dHll floVi or in other . words the cleclil~_e, r.'~ate foot· the former vvould 
be much mOrE} rapid' than for the latter., V!h~Je 'no "est irilat e 'can. be 
nlade·6'f the g,uanti ty of o:U. li1mly t_o be y:j.eldeg ;,by a hori~bntal 
hol~;:, it 'is'evicleritfr'om the 'l";~pid., cleclin~:::Lhproductionfr:om·the 
Pilot Bore that the reservoir energy resp;¢rnsibl.e for this'production 
is dissil}ated ra'pi:dly;,.and.Cons8g,ucmtJ,.y t.he' area drained by the'pilot 
BOI'e, and ~ the recovery from th:U{ area must,'be.";'small. It is con­
cluded, therefol~e~ that· the i~apicl cleclinQ':;~n productiOn from t'he 
PiloiBore . is i:ii1'ind-lcation'l:;hai:;, the ultirYfl3:t'e recov(3ry from any 
acre' of ' glauconit ic 'sandst'one in the vic.:Lnity of the Lake's Entrance 
shaft "'-v'.ill necessarily' be Im7<o I ,l.~ 

. '. t 

The actual area dr@tiled by the 'Pilot Bore ca.nnot be 
determined btlt if it were one acr~, which accol;'ding to t!1e c8.1-· 
culatio'ns shown in Table, I contatns' 1170 ba~rels, the ult imat e 
recovery<:-from,:,tl1iO area ~ namely 4400 gallol1.S0r 125 bal"rels, repres­
ents a recovery,:c:if' abou-(j 11 ;'Jc-r cento A qircular area of radius 
120 feet' about,' the' Dore 'contains one acr8;~w that another YJ8.y of 
expres'sl.ng th'e'ab6:Ve' i-s; that if the, dr8:inage radiusls' "120 .'feet the 
recovery will be 11 per :centof, the oil in the. area drained._ 
ASsl).l1lption of a Ittrgerarea or·dl'1.ainage. radius 'vvill necessarily 
red~ce, t:hE?' perceI1t{3.geredovei"Yo. The ,inference: of this is that· to 

. get, ~.X'easonable 'i~ecovery" from. ail. ar:e.asuJ:'l"olJ,pdi:ng the: shaft the 
density of the- drainage points must bE) high. If the" ~ecovery has 
'tobeobfained from .. vel"tical·bor·es i'e .is, seen tnat 'a density of 
one bor~. per acre:might:c1:~ad to.?'p':,:1:l+~,:Lma·te!.ec,overy of a:pproximate-

'ly 11 pe'r'q,ent pr'oviding o~' ,course- that;~:'the:'pl-'i:oduction f::.. ... om the 
pilot, Bore pnd' its- elecTine ,~e:ppesE1.rlt"s ~f1qav8rage for the area •. A 
similar basis 'lIould llave:to-.·be ,useg. tq,cLytermin.e the number of 
hOl"i'zontal holes 'reg,uire,d to get' compariibte,~e.covery. <~. 

'.::.~ , 
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The deduct,ions in the pl'eceding sect ion ar,e basedt"o'n " 
the some'lvhat ~inadeQuat~i information about the decline in pro­
duct ion from the Pilot Bor,e ,,' ,~nd 'inuot "t'hcl'lefol"e be regarded as 
very approximate. It:,,"is',helieved'~, ,however., that the:i at least 
indicate theo;rder'of>·the magnitude of the ult,imate "recovery 
and conseQuel1tlY;.th'~, appx"oximate drainage radius. If drainage;'! 
,conditions at' the. Pilot 'Bore can be acceptod as averarre for the 
area. ahd 'if::a :drai'nE1-ge radius ,of 120' feet ,is, accepted ufoI' t1l:is 
bore a simil8:r 'drq.~nage;:radius" or distance might be applied ':to 
drainage to a horiz~nt:~il, ,\:vell.,: For '0. ,horizontal .drill hole "-
1000 feet, long, "the' ar'e£!,' ,and t ot-9-1 oil cont\3nt s of the u~):per 
13 f'eet' ,of 'E,lD.nd'st:one ,vl,ithi'l'l 120':feet'~,I(;!tl..C'1T. s-':i:rle'\,'o:f,,~;rj,.rt.·l' 'vVo.u:lQa.nb:n · 'lc) , 

\. U .' I , • . • ,~ , ;.. . '.; "'-, rl .r '! r . ,." ,'" . , ' It.. , .. ;"":.!,;, " 

5,.,5" Ef-q\~eS,)3,~q. ,~.~ 4,O~' ,b8:r-r~~s 'l?e'spcct',i ~?01y .. :.' '-'':I:1~::'bn!~~t(~ljatle),n'(~,~'' .(1:~J" 
l}~e"co.ve-ky::CiQf'~ ~lli .. ::per.:Jcent\.;)}~' a$-E}.Ulll$.,d.,.'·c 1).e' reqovGl"Y from ,1000" fe8t t 

.o.f., hl!,~:r::iylh9~1'~YYv'e'u,lclfJ?~:;'~J?Rx,:Q,~~~~~t~8·~~~ft~O!;B~f~SnIS:·c 6r ,o~. 7 barl,"el,s . 
: pe:r. llnear foot 'of ,drJ.-B-lng. ,.' fi L8.~r:k'. ;J'XiJ:) ,~[Lr ~.o cw>'t.:kJ'<)'" 

• t .' .,. I .. '. " ','. "'" ,~.~. !. \~.!.' '. ",_ .. :.~.:I.'\-;"" I' .. ',. I.: ' ...... ~:- ....... 1,,;1: 

, ) , ',' , , " 'If 'tq.i S' argwaent':-',l!6' extended~ t.o a' projec:t hi' VVl).'i'ch 20 ' 
: equally spac'ed':'horizqntal· ho,les each 1000'feet +ong ,a:r'~ drilled': 

from the shaft, theaI;'ea ..... i.i'ithin 120f'eet laterally of the bo'res 
will'; 'be 68 acres' compared, wi,th ,70 8.cres ,in a circular ar"ea 1000 
feet raaius'~ If t'ho same bores are"'E;xtended to 2000 feet from 
the shaft,' the ar~a 0ithin ~~O feet~aterall~ of the bores will 

,; be 178 acr.es, c9mp~red to 280 acres f,or a circular oreD. ,2GOO feet 
. r~d:\..us. It .. is 's~en;therefore, that if drainage is l'lestricted . 
to a.~imited d~stance ,fr·om the bores"then'the l~)!'lger the, bo~e' 
h.o~e' the lesEl' effective 1s the drainage .and ,ro.covery, from a' 
cipculararea abQut' tho shaft. It, must be clearly understood' 

":however, that ,the f;tgur9s given ~b()ve for the are,a dl.;'ained,"D.'nd 
"for, ,the ult imate r.ccoyi!3ry 'are, bs.'scd: on very poor 'evidence and 

they should not 'be used a's a basis for est imat ine the ult imat G' 
',recovery from any arc.a Q.bout the shaft. 'However, ,they serve 
t'o illustrate' the 'fact that the nurriber and distribution of the 
horizontal 'NeIls must be,,;factol's influencing the ultimate recova. 
ery "of' 'oil from an 'aroa about, t,he shaft and for. this reason it 
is,belie~ed th~t, their inclusion in this report is justified. 

Takin~g all i,he above fac-corn into consicier'ation'itls 
'concluded that; if water drive is the l}10t ive ' force, tho recov'ery 
of 'oD . ." by horizontal' 'vvells from tm ~:C;~~.L.~B· :~he., :v~~~'nttt.::'?~ ,t~~(. 

"Oil':Shaf,t w,ould not exceed 15 ,t 0 20 :9t:;l~'l cern:; anel. 1.1'1 gao...:.ex,pans1.on 
,~Ji::Jd.r.i,v.eJ is', the":pr;i:hb''ipi3.i, mot ive' '(f0l"ce;",the1 , reeovery. ~iould be le'ss,', 

,~, ," 'than t hi'E; "D.~nd i)robJ8.bLiy"nb~"Jtrlb.D!ten·,'~t110'~l:: ~$"~" t'o,:'t<)'"']!er .. c,ent. 
, • • • • '. .... •• :.. I ) .. ) ,:t;'J ' ; • ~ (\ \ j~! ~),J,~, 

It WEt'S sho~vn in an earlie~ sect ion of this report that 
,',:, the total amount of oil c ontaine din the productive zones iLl t 1f.e 

uppermost 13 feet of the' s:andstone .'for· a distance of 1000 ~8et 
in all, q,irect ions from :the' oil' Sha,ft ise.:f<proxil!lately' 80,000 
barrels' and if,' the limits are extended to 2000 feet from the 
sha:e:'t, .th~ amount would be 320,000 barrels. 

These Qu~nt'ities are based on an ass\lInption that 'in the 
upper l~ feet of· sandstone the average thickness 'of oil-bearing 
rock, is 31 inches throughout the area and that the oil content is 
equal to that determined. for the 31 incheso.f sandstone included 
in zones 1, 2 and 3 in the Shaft Bore. Any error's involved in. 
these assumpt-ions wi·ll necessarily be reflect0d in c8l.culations 
of t he Quantity of oil \'lhich m~ght be recovered. . , 

If a maximum recovery of 20 per ce'nt is' assumed for, the 
circular al'lea with a 1000 fG8t l"adius the g,uantity of' oil ;~vhicl'1 
might be l'ecovered is 16000 barrels. Because the ho::,"izontal wells 
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become farther apart as the distance from the shaft increases the 
percentage' r~coverYf:r0l11 tl1G.:largepal'eu' (radiu,s ,2,000 feet) would 
be les's than from the smallepancL :ti.)'i'l:ti;x:imum rec'ovel':;y of 15 per cent 
or, 4~)000.barrels might be expected~'· 'If,. an area of 400 acres (the 
arearpr which Ranney'ai1clFatrbm¥,t (19.4)..);, calculated oil content 
and recovery) is corisidered,:thc tbtal,.,oil cont'ent'. :iI~{ould' be 470000 
barr:els'and a 15 PE!r.cent recoverY1iloulc:1 'give, 8.pp'l .. Oxim~tely 70;000 
barrel~~ .' " . 

. . 

X. ·CONCLUSI.ONS •. -- .... ---... ~ 

" . The report has', dealt· 'vli'th t 11.8 exruninat iOl1. of :diarribnd 
drill' cores·fr.om t.hebottom of the Shalt· at Lakes Entrancegand 
incl\lo.es the r,esults of· petrological examination,ex1:1minatio'n:under 
ul tr€t,"':vio1et, liigh,~ "'a11q.' determinat ion of oil ~ wat ~r an9- ,gas 'satura­
tion" ., 'The'drfll hole 'penetrated ,19. feet 2~ inche's in glaucOnitic' 
sandst.onewi th. a 'core recovery ,of 82pt;3Y cent, qonsistil1g mainly of 
unbrok~n' lengths'" of core~ It ,isb .. ~li!3ved that the 18 per cent not 
recoyeredprobably' did not include.,.:-·anysignif icant pl"oport ion of 
oi ~-bearing' glauconit ic sandstone.' 

The oil fluoresced under ,ultra,violet.'right and this 
faeth-od' "Vas' used 'to determine in detail the distr'ibut ion of oil in 
trie;.cores. The'extu'llination alloYv'ed .thep..ivisiori o±~ the glauconitic 
sandstone 'section into five .oil~bearing zones, of Which the bottom 
t~70zbnes,i"ell'zone84 and. v ,YverE;insignificant .and we;L"e excluded. 
fpo111 the, calculations of total oil content~ The 'uppe'rthree zones 
(zories 1; 2 and 3)- wer.e' the,mairf·o'il-:beEu'lri.g 'o.nes and o'c:turred in 
the top' 13 feet of glauconitic ::.;andstone o bvidence has been . ' 
gathered on t,he c1i'stribution of oil inp8veral a dditiO,nal ,bores'>in 
.an ~.r.e.E1,s,JrrCn.1ridirig" the shaftahd ind,icatedthatth~. occu~";renc'e . of . 
oi'l"in;'thq·t6p13 feet of glaudonii;ic sandstone YI[iS"o. feature:"c,0i11mon 
tb'ail~~,trhem~'It 'wasfoun~ that :the0e 0a~~61ose'~arallel .~.,' 
betv'fe'eri. th'e o'il zones' as indi.catt:;cl ';by bailingtestsinthe Pilot, 
Bore 1,Vi'th tho$e inthe:Shaft 'Bcit'(~ 10.0 f.eet di'starit·'fro~11'it. " '. '{' 

. ~ .. ', . .. ,. .~ ; .' .~ ... '. . 

".' The' e'Vicience',sho~\i;~e'd that oil' fromothei""bores" re'ferred 
to 'Eib,'ove . also occur'sfgirly,. gent:i:('t:l.lly in the lower port ion: of the 
gltLllcQni~ic "snnds,tone,' butnei th~l'" the }lilot' nor the' S-haftBo'l"e, 

',ili.teN~e ct ed-"t hi"sp6rtion:,iHhich ... has't herefo.i:e b:EJ~~1e~cl(l:~ed.'from any 
c6nclusions 'fegarding the,:oil content of the res~rvoir. " ~j 

1.: :', /" ow' " ••••• "-: •• ' '.' .<.;~: .," ;:;:. !' ,'," 

;"Tvvo.kinds"ofoil distributio'i{\iere':~1.ott:;d; 'one in 
'i,rjhi C 1:10 n:' 6 c cutl;;\:;:; dalrilo st e.n'bi~"'e ly"'th,X' Ottglldu t 'thec 0 re s and the 
.othe'£ iii 1Ffhichthe oil bccurr'e:d:as'irre'0:ulc,r patct1.8sthroughout"the 

"'c"or.e's.: ,The,c'-'ores 'i'1~ which ·.the pafchesexc.eeded 50' per cent'.o:r the 
volume of t he core s iiJere ,included in the oil zones.' " 

, . ; ~.. . . . . ~ '. . . ' 

The aggregate thicl{ne6~' Of':;~'il~bearingzones inc.luded· 
,'in·,the :'ca'lculatiol1 'of to'l; 0.1 oil 'content pe r acre vms' 31 inche s, 
"compr:i..-stng.11, 12' 2nd 8· 'inches' in. zonGS 1~2, and.3 r,espect ively. 

'::"" ' . .. 'i' petrologicCl11;!~l"'kindic'at8d' tl~at:oil-bearing. g:lauconit-
ic ,sandsto'ne,.Contains le'ss :gl8,ucOI).,j,t,ic EIL1,d. matrix: ,than> barr'en. or 
'friorr~ai+' saridst61~e~ ;" B,Ei'<}8.USe"of. ,this, iit: :i,'rJ !beli8ved tha~ .';[;Ihe . ,'. 
'oernieabi'lity'df 0 j,l"'bEiaring gla'L:Lc onit i6 :,:,$8.'rid::;t.6ne·,ls' cons idprab'ly 

:,high,e.r" tha11 :th~XG 9 f normal 'gIauc::ll1i'Gic sU'l1dst6nt/ai1.dthis.:be·1~,e~ is 
'ErLi1WOl"'t~g.,bt' a,,9ritical:exlliilill:at iqn qf .i'~i~1.\3,re.sult s of permeabll1.t y 

.: tests' Orl;'s6nl-oles .from·No .. lO,.Bore .. ",' ,;It" api?.s:ars that, the sandstone as 
. ,a Who l-e'fs··'ndt' 'an oil i'e servo ir.~. ~;·b'\.l:t,);o!Jl.t:a ii7,s ,8. se'rie.s·:.of' "tQ.iP. 

st,rat ':1: gr a:91:1i<;:,8].... :traps~'The 'hbr.:L,?,ol).tal ~,xt:e!tt' 0:[-"; ~l1.y', on~.', t17,E).}.).: h~s 
,riot," been';-,det'e'l~rni!led~ :',but.;,it ' i s~; ,tllo,:q.r:,ht:. tl',l'a1t 'they occur as,;,: ai;',s8,r 1.e s 
'of lense s~ The'y' occur· ["t, faiY:ly,y.~:f:Lliit,Q, hor~z.ons ahcL, fO,rrll :,the 
oil zones, alreact:rd:03cr.ibed .. :! .• J",; " ' , :'"',, '.'", "", 

." ... . - .. '-.: ) 

• 

:: 

• ., 

~ . 
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shd1wl}ct:Q.! .90X:l::t! q.J:f:l ~;pp,rG.q iEj.ble . guant it i8 s', of . oil',: 's.:nd'·''Ol1'.1 e ;Leven 
:sarap.l.eis:: o,f:):P,Str!r.E.J:n.r.9.ap~·s~6.nl;31".: ,rrhe por-osi t1e s. ran[J;ed ·~(r.'6m: 27," 4' t 0 
'49~ 6' .. ', .iJ\3r .. : ce:nt:,::: 0;LJ:J3a.~ ur,a~~To1fs rro~ilO 't 0 12.,! 2 ·2.)e r . cent 'p'wat'erO:, . 
saturations from,63.5 . .to. 99· 'bet'. cebt"and"o'assaturations' fr:om 1 ..... 

.. ·'t026,6J:per cent~, .t~f:',:?'Q'i~~·si t;~'~ 8~~e'redetermined on dry ~'~li?~e s J J 

,and· ·it,::is b~lie'IJech,th,.I%~ .. :~ll$Y' ,~i~~. p~rEfate't' than ·the·· actual p<?rosit·ies 
0f··the·):neservoir rockS,.in .. situ~. j?lanar waterwoulc1 'have been .L 

driven. .off. frqrn .. the·.q.fY.~".~8rl1j5t~:~·:::q\lr ;douia. bo ~!resen:t. in ·the .: ..... : .. ; .. 
reservoir rocl-cs and cOl'l.seg:u,tmtly .t.he. volume' .of interst ices ava'll':;;'·· 
able to oil and true interstitia'I'viator has been'r6duc'ed 'by' the:· .',' 
s\vellinp.; of the clay. ap.d c~-ay-lik~. minerals in the e;lauconit ic ~m~d. 
This swelling is due to pl~riarwater in these tniner.als~ ,':,:",'.',' r .. L ." 

, .' 

.. ' : Tests v/ere madS'·at·the Pilot a'nd'Imr'ay B"ores' to :determine 
the quantity of gas yielded by 'each al-ld the results' irldi6ated gas/ 
oil::ratios of 4 and 70 respectiv\31y; these rntios however. must , . '.' . ".... ',,". , ~ .,. '" p 
be'reHarded as approximate .~rid:subject to large error.'·'· It. ·is 
belte.ved thdt the gas. pr6·~1;dqc'd"viias. suhstai1't;'ially nl~thtirie and that 
the!l.e.f.ort3 the gas il1t,lle,,:'cqres' tvas riie'~hano 'and Via$':0~~'8inaliy, in 
so'lut ion in t.he oil.. ;,,'. .... . . " .. : .. ;: ' . 

, .. . ... ',.~ . , ':.,: ;,,1: 
"\' t ' . . , 

T8Sts were r,lade to . determine VvqethcI'OYly·of;;·the. drilling 
water had entered the corOSb An inclicat or cheinical'i' 'nam~ly . 
glucos.e, vms addcci,jt.9:thedrilling water and six corosa.mplQ.s were 
analysed for glucose.' No c:lucose VJaS fouriCl. in ·the"·co·rt;ls a:rid. it 
has been concluded th2t nono of the'''dril1il~g fl'liid':etitered them • 

. 'A"test'iv'~'~'~mad~ on a sample of eiauconlti'c':~andf3:to~e to 
. determine the water lost· at vnrious temperatUl"El'S :bet·\v~en 140C.· .. 

. ,:';.L i. and: , 1060C., anCii:t,'~1iu;l.:s~onclucLedfrom thl:). result.s·,that n?~e. of the 
water collect ed <:lUl:'tng, the sntura't ion "tie 6ts·v.Jas \jater: of crystall­

'. isstion' The water col"lected include'cl true int"crstitial water 
and pla~ar vvatol:' .. ·:.· .. Th;·Q,r'eappe8.rs "GO. be no means';: of;· determining b;y 

.: d·lrect .. :measurement the quantity of the latter in a sample • 
• J. '. • • • 

:: " 

Tests Vl~re mad.'et:o determine the . Quant ity·""·of water lost 
bY-evaporation dprin:g the~. time the samples v:ere exposed prior to 
the.ir,saturat ions, being.- ',c1Er~.ermihed and in calculat.ing"fhe· ·f:.ip.al 

· '.~ :',figures fOl~oil, gas,q.n.~ .. ;v{ater ';sat'urat~bns,' allo"kancewas made for 
· the space in the sampleso'ccupied by air' Which .has' replacedevap-

orated ·water. . . :;" .. :~: :':: i.:: .:... . " .. '. 

It has .b~e:p.. '$;ss1..l.meq,that the sp~co in the c?res oc.cupied 
by gas other., than the· .air rn,$n~iOl'led above "was' i;orlTierly occ\lpied by 

. oil 'lJvhich it has renlaced~ ...., " . . .. ' .. : 'J. ,.,. :.' ,..' 
~ . . 

,The total oil saturhtionin situ was caiculated .by .... 
aE!Emming that it was the SUIrlOr the oil' sa:turation found experi­
mentally and the correctod gas saturat ion •. Wt31ghted.averages of 

.', .. , ,·totEiland residual or measured oil saturations v,rere calculated 
for each of the three oil z.ones by we'ighting :the"individua;L samples 
. in accordance with t p,eir .lengths. .Thes.~ averages for zone s 1, 2 
and 3 17ere 14.8, 13:.0. and 16.0' per cent respe:C'tiLye.ly..for tp.e total 
oil .saturations and 5.12, 5.5 and "5.9" per cent ·'l"'dslp.Ei'ctively fo~ 
residual' oil saturation. It· has bee:n .concluded that these figures 

· " for total and res1dus.loii' satubitionsare':: ·not: inconsistent· with 
. " "':.: the experimental.:res.u1..t's. "of Leveret~:·.:ai~d.te\ViS ':':(il1:the flo.w . of~:gas-
" oil-water mixture.sthr:ough perrq.eable· i11~di-a·.ifi~:due, allo',vance is l;lade 

for the 10VJ permeability' of "the"gla\1~onitic' .. sari:ds·tone and :t.he ef­
fect of planar water onthe porosities and saturat·Hms.\. 011 the· 
basis of :the above ;f.'igu~es the oil contents. per acre' 'for the 
three zones combined..a.r:-e··estiraated.,::D.t.-. ": ......... . , .. 

" .' '.. ... .• ' ': i .• , ..... 

Total oil. con~tei.1.t. :'1170 bar:?els .. per.·. C1,cr·.e •.. 
Oil content fI'om residual " .. ':i .. i 

saturations 440.:.::.11.,":" " .' " 
(A barrel contains 35 imperial salions) 
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, . : It is concluded that,·. through laclc of appropriate .data thero 
is no reliable 'Nay iil: lHhich the;6:rea"of're,sE)rvbir rocks likely· to 
be' drained by any \1ell or series. 6fj,vetls, in a field such . as Lakes 
Ent;ranc,e cap be estimatecl,nor.'is':there',an.y: satisf'ac:torybasis:for 
e!3tip1~ti11g the g,uan,t'it3T .0foiliHhi,ch.migllt be' i"e.coveredfr.om:'such 

.ah_p.re,a. Howeyer ,.i t,. ).:Sl)Ossible to est ilnato' the. total oil presep:t 
in a,' 8i ven.··area e;:rouiid'the shaft, and t 0 m~ke' 'an approximate .~st:Lm. 
atiori·,~·basedbnthe factor,s influenci11g recovery, ·of.the, p!'oporti9n 
o:t~his oi;tvvh~ch rnight b~recovered' by horizontt;tl drilling. 
Factors;'irif]::~enc ing ult:i,.mo.t o· 1'0 cbveryare -. _, 

" . '. . .! ',,', . 

.. ,' .' 

. \. 

Thoso·.dependent' on':reservoir 'c'ondittolls -
. .', ,~ 

.:.. ..,. ,I ',; : t' ,., 

.( a.). The oil o.ccurs in tIl-ree. thin 
:." l).:.; tOf,I,i in~Pler.:f~r?b+~ :pa!i~st'one~ 

zone ssepara~tE!d by layers 
:'.f: t.:,,;.j .': 

- .,'" '. . ..; 
, .. 

I .,' ,' ... I' '. I,. t ' , • I 

(b) . Of the 31 inchesincllided in the thr.ee zone's, only '.10 , 
inches werec.qmposed,·?S:ntirely of oil-bearing sandstone 

. and it, 'is"believ'ed 'that: most :of tho qil prodllced. :Lnt:b,e 
Pilot Bore camef'tom zones of samistcine, entirelyo:Ll-.. 
bearing, the permeability ofso.ndstoriocorrespond'ing to 
t.he remaining. 2,1 1nche8 q'ei'ilg too low to allow anyapprec­

(6) 

:Lable' flowirit;'o' the . h~le.. . 
. ':.' \' :.;.- .. -: : .>.: :"~ .:,: .. ', 

Th~re maybe 'l1o ':,groat horizontal continui'ty in Etny. 
. indi vidual 'oilzone~ "'. 

: .. :. '-~ '. . . -
High viscosity of the oil and low permeability of' the 
oiL zone. "" 

',. ,'.' 

"t • 1 - •. ,;' :.l' ','." . J '.~ .'~: J . ,1, 

Themot'ivefprCe causing the oil to floVl .• : . I:t.Js.,8~n§l~a,.lly 
conceded' that~ ubde:.: the li1bst favourable· con21i t,;i.on§) . .:i.f 

: Oi~ is' flovlin.e;' under.gas: drive the ult irnate" 1'0. CQiW;;.rY~:xap.y 
. -- be 25 to 30 per, cent and tMt with carefully c.o.nt.:r~~lleQ. 
. \vater drive ~·V.lhich:i.ncludes·~ al"t.·esianand .. expan8Jv:~~:·w~.~er 

drive,. the recqvery,. may be 60 to 70.per cent. 
. .' .. : .~' I.> .•. .J . '. _. • ... 

· .. (fy··A-:rapid de·Clil~e'in;th.-~";X';J.at,~e.;~pf('· p:X'~'q~11l,c.tion s~ch a.s,t.hat 
. d~t¢~inihed fbr~r{;:f-p~'J;.b~··~br.~.··p~"?m'i40 to~'7 .pi11.tS.:P~P 
day -~11..~4?).:claYElt'11~:~;~~'~~,,'~nd\c.~,~es ·~lop ult.uJ1p.t:e .. ~eC?0V'ery • 

• • .. \/ .• ' .'. -.' '.t. ',-', ... ', •• 1. '. •. , -' '-' . :;(': < 
(2). Those depen.:.dent on l~ecovery from horizontal drUl.holes· .. ;-:-- __ 

:(a,) . ':'j.rry h.ole "co\ild-t ap ""ohly ;;6m:;.: 'o£"'the three: ,ZOl':tes because 
.. ' '. of the .irnp'erme-able sandst'onebetvleen. them.>:". 

!' ... ,; . 

;. 
_I. ..'_-' 

(b),Tt wilibe. very ... difficult, if not im:;,)ossible, --to keep a 
.. hbrizoi1.taldrill.hole within any ,one of thO' thin oil-

\ . bear:Lns: z6ne~.e .. ' . ;;' .. 

(c.) . The numb~:r~' anQ-:;'distr{~ou~'ion'of 'the horiz~nta.l.di;lliL·h~les. 
I' :. '.;.. .\ 

',';' ·.(d);:. The: ul~nown;-inf;J,.liel1.Ce -6-1' fractu.i"ine: theS~~l:<is~ one by 
,~xplo_9-ing,~.C?haI·g~'s·: 'in the bore··hol·es. ". ,,-! ; "; 
. ., •... ' •. ". .",' :, ,... ". . r . ~- \ \, r.' ,'., . 

", . ,:.\. 

. ' Takipg: all.' t'he se factors 11i-to c~nsiderat.:ioi1.' i tL hE\S:. been 
estimated that if water"'arive is the :t'!lotive force.,t,:l:le 'ree,overy vrould 

'. not exceed 15' to 2b}?or'cent,and if gas-ejq)ansiondX~:i,Y!3'}s':tqq: ~ilo~ive 
force. the recqvery ~l.r'mi;ld bBco,nsiderably leGS . .than.::this.El::hd .l~r.!Qbably 
notgreat~er t,1;l.an5:··to:·10 percent.. . . .. ~.~ ... , nf ::(:.' 

(. '.: .~. . 
'.' . . . . ...". . - '. . ... '. ',:.~ . ~ .: - . ' 

" . , . . . .'. "'>'-:"J.~.;" .. l.J.~, .,;";·t"j'·! 

FinaiiY'''i t :ls" concludtid .that ·th8V.olurne:of.{Qil,.prqse·p:t- in 
the three oil' zones ina · .. cj ... ) .... cular ,area 2,000 feet .q,i~me;tEir ~~;oulQ, be 
app~oximat~ly:Em.9.000 bar;-rels of which a f,l8.X imuril of. 16 ~OOO barrels ~ 
might be recoverec1~" ~Clies'o figures refei",· 'GO the~t..opl9. feG~ of the / 
glauconi t ic sandstone~'" :),;". ,. . .~ 

,', .• 1.,' 

~ .' .. 

,. 

! 
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..... !.~ .L ~ ~. ,,' . ~ . " 
It is kno.wn. from' "other bores' "that":oil' OCCUI'!6 -in the·'; '.; .. ,,:: 

10\IJEH~' porti"on' of' .:tl+c·:'glauconi tic sandst one.: This. port ion was . 
not, however, irlt'ers'e'ct~ed 1'11. the Pilot,' and: Shaft bores and therefore 
no attempt has, peen z.maq.8 to estimate the oil con,tent.. Even if the 
total -pil content could' be estimated, it voJould b.e ina)dv.ioo.b:!.e; to .. 
att~mpt .. t 0 est imate' .~·~.l:lepossi ble reco"very because of ,the engineer­
ing diffimiit iEi'S. assoc i1ited \7"ith the s inking of the shaft to a, 
sufficient depth to.recover ,such oil by horizontal holes. The 
possibility of recovering 'any of this' oilfrom·horizontal holes in 
the upper portion of ·the' sandstone would depend upon the fractur­
ings by explosive charges and, as already stated abovc, the 

. possible effect of sucp:chargos is not kn01iffi. 

',' '. 
,fI to J .. 

.. .'," 

.t. " .~,.~ .. ',' .. , 

CANBERRA. . ,'. 
16th oct obe!J.2~.~ :: ;::~~" 
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